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Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
5+00 964
Taylor's Series Results
Random Variables
i 0 Ksts/KXVSsv i . Fs(pmgressive erosion) . % of Variance
Case I;T';\'/;Ti;d(af:z; s};:(;ss’e:r?srrxaz‘?/r;) foundation silty  Vsar Unit weight (pcf) ¢, fr('gggrr; easr;g'e Teyl\el:’v ;‘L"ﬁ;}gr (Under Seepage) Variance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 5.05
Mean + 10 Kx;, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 5.05
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 5.05 0.00000 0.00
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 908.5 5.05
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 908.5 5.05 0.00000 0.00
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 908.5 5.44
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 908.5 4.42 0.26010 29.45
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 908.5 5.41
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 908.5 4.70 0.12603 14 27
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 908.5 5.05
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 908.5 5.05 0.00000 0.00
Mean + 1o Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 911.3 6.24
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 905.7 4.83 0.49703 56 28
Total 0.88315 100 00
050 9 e 100
E(FS) = 5.05
0.45 4 b 90 o(FS) = 094
0.40 9 b 80 V(FS) = 18.6%
E(InFS) = 1.60
0351 70 o(In FS) = 0.18
030 + P60 ¥ FS limit = 1.00
0 ' In FS limit = 0.00
L 0259 50 O
= )
020 + P40 W
Bln = 8.7
0.151 [ 30 Pr(u)=| _ 0.00000%
0.10 9 P 20 R= 100.00000%
005 « P 10
000 v L R o e g 0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
FS
Pr(u) R~ e=f{(FS) —e=p((FS) — e——rSimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed
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Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

5+00

982

Probability of Unsatisfactory Performance Due To Under Seepage

Taylor's Series Results

Random Variables
i 0 Ksts/KXVSsv i . Fs(pmgressive erosion) . % of Variance
Case I;T';\'/;Ti;d(af:z; s};:(;ss’e:r?srrxaz‘?/r;) foundation silty  Vsar Unit weight (pcf) ¢, fr('gggrr; easr;g'e Teyl\el:’v ;‘L"ﬁ;}gr (Under Seepage) Variance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 5.05
Mean + 10 Kx 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 5.74
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 4.66 0.29160 78 00
Mean + 10 Kxs 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 930.0 5.05
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 930.0 5.05 0.00000 0.00
Mean + 10 KyiyKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 930.0 5.02
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 930.0 5.20 0.00810 2.17
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 930.0 5.32
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 930.0 4.78 0.07290 19 50
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 930.0 5.05
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 930.0 5.05 0.00000 0.00
Mean + 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 933.3 5.04
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 926.7 5.11 0.00123 0.33
Total 0.37383 100 00
0.7 1 . 100
E(FS) = 5.05
0.6 4 [ 90 o(FS) = 0.61
b 80 V(FS) = 12.1%
054 Lo E(nFS) = 1.61
o(In FS) = 0.12
0.4 4 P60 % FS limit = 1.00
o ' In FS limit = 0.00
o P 50 :UE
034 b 40 T
Bin = 13.4
021 [ 30 Pr(u)=| _ 0.00000%
b 20 R= 100.00000%
0.1 4
P 10
00 v y L e L v 0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
FS
Pr(u) R ==——f(FS) ==———F(FS) ==—FSlmit =———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state
Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed
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Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

20+00

982

Probability of Unsatisfactory Performance Due To Under Seepage

Taylor's Series Results
Random Variables
i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case I;T';\'/;Ti;d(af:;:; s};:(;ss’e:r?srrxaz‘?/r;) foundation silty  Vsar Unit weight (pcf) ¢, fr('gggrr; easr;g'e Teyl\el:'v ;‘L"ﬁ;}gr (Under Seepage) Variance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 4.25
Mean + 10 Kx 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 5.14
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 3.88 0.39690 78.13
Mean + 10 Kxs 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 930.0 4.25
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 930.0 4.25 0.00000 0.00
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 930.0 4.25
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 930.0 4.32 0.00123 0.24
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 930.0 4.44
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 930.0 4.07 0.03423 6.74
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 930.0 4.25
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 930.0 4.25 0.00000 0.00
Mean + 10 TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 933.3 4.01
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 926.7 4.56 0.07563 14 89
Total 0.50798 100 00
0.7 . 100
E(FS) = 4.25
0.6 4 [ 90 o(FS) = 0.71
b 80 V(FS) = 16.8%
054 Lo E(nFS) = 1.43
o(In FS) = 0.17
0.4 4 P60 % FS limit = 1.00
o ' In FS limit = 0.00
o k 50 :UE
034 b 40 T
Bln = 8.6
021 [ 30 Pru)=| _ 0.00000%
b 20 100.00000%
0.14
P 10
00 g P R e g ey Y 0
00 05 1.0 15 20 25 3.0 35 40 45 50 55 6.0 65 7.0 75
FS
Pr(u) R e=f{(FS)  e=p((FS) — e——rSimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state
Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed
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Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
27+00 949
Taylor's Series Results
Random Variables S ) i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (ft/s) s thickness (ft) Kx (fts) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 8.5 1.6E-01 896.0 5.39
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 8.5 1.6E-01 896.0 5.39
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 8.5 1.6E-01 896.0 5.36 0.00022 0.01
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 8.5 1.6E-01 896.0 5.44
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 8.5 1.6E-01 896.0 4.25 0.35403 14 89
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 8.5 1.6E-01 896.0 5.76
Mean - 10 v, 3.3E-03 1.7E-04 116.0 8.5 1.6E-01 896.0 5.01 0.14063 5.92
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 10.5 1.6E-01 896.0 5.39
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 6.5 1.6E-01 896.0 3.42 0.97023 40 82
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 8.5 3.0E-01 896.0 5.39
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 8.5 1.6E-02 896.0 5.39 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 8.5 8.9E+02 897.3 6.63
Mean - 1o TW 3.3E-03 1.7E-04 120.0 8.5 1.6E-01 894.7 4.72 0.91203 3837
Total 2.37713 100 00
030 « r 100
P 90
0251 L 50 E(FS) = 5.39
o(FS) = 1.54
0204 70 V(FS) = 28.6%
60 E(In FS) = 1.65
o 5 o(in FS) = 0.28
L 0151 50 & FS limit = 1.00
b 40 T In FS limit = 0.00
0.10 + L 30
k20 Bin= 5.9
0054 10 Pr(u) = 0.00000%
R= 100.00000%
000 e A e == T 0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state
Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

PLATE G4




Bolivar Dam Seepage Reliability Analysis - Base Condition

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
27+00 982
Taylor's Series Results
Random Variables FS(pro ressive erosion) % of Variance
Case Kxw, relief well  Kyg, D/S blanket Ky Vean UNit weight (pcf) BtD/S.v D/S blanket Kxy, rock toe TW, ta|l| water (Un dgr Seepage) Variance (FS) (FS)
Kx (ft/s) (ft/s) thickness (ft) Kx (ft/s) elevation (ft)
Mean (Expected) 3.3E-03 1.7E-04 120.0 8.5 1.6E-01 930.0 3.79
Mean + 10 KXy, 6.3E-03 1.7E-04 120.0 8.5 1.6E-01 930.0 3.79
Mean - 10 Kx,, 3.3E-04 1.7E-04 120.0 8.5 1.6E-01 930.0 3.66 0.00422 1.19
Mean + 10 Kys 3.3E-03 3.3E-04 120.0 8.5 1.6E-01 930.0 3.79
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 8.5 1.6E-01 930.0 3.54 0.01563 4.42
Mean + 10 ye, 3.3E-03 1.7E-04 124.0 8.5 1.6E-01 930.0 4.05
Mean - 10 v, 3.3E-03 1.7E-04 116.0 8.5 1.6E-01 930.0 3.53 0.06760 19.11
Mean + 10 Biys 3.3E-03 1.7E-04 120.0 10.5 1.6E-01 930.0 3.79
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 6.5 1.6E-01 930.0 2.92 0.18923 53.48
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 8.5 3.0E-01 930.0 3.79
Mean - 10 Kx, 3.3E-03 1.7E-04 120.0 8.5 1.6E-02 930.0 3.66 0.00422 1.19
Mean + 10 Tw 3.3E-03 1.7E-04 120.0 8.5 1.6E-01 933.3 4.08
Mean - 1o TW 3.3E-03 1.7E-04 120.0 8.5 1.6E-01 926.7 3.54 0.07290 20.60
Total 0.35380 100 00
08+ — p 100
0.7 b 90
L 30 E(FS) = 3.79
0.6 < o(FS) = 0.59
70 V(FS) = 15.7%
054 L 60 © E(InFS) = 1.32
& o o(InFS) = 0.16
L 049 50 & FS limit = 1.00
034 b 40 T In FS limit = 0.00
P 30
02+
b 20 Bin= 8.5
0.1+ L 10 Pr(u) = 0.00000%
R= 100.00000%
00 T T v ¥ 0
00 05 10 15 20 25 3.0 35 40 45 50 55 60 65
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==—E(FS)
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Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
43+00 929
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 888.0 12.53
Mean + 10 Kx;, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 888.0 12.53
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 888.0 12.53 0.00000 0.00
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 888.0 12.53
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 888.0 12.53 0.00000 0.00
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 888.0 12.53
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 888.0 12.53 0.00000 0.00
Mean + 10 y., 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 888.0 13.40
Mean - 10 v 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 888.0 11.66 0.75690 45 35
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 888.0 13.51
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 888.0 11.60 0.91203 54.65
Mean + 1o Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 888.7 12.53
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 887.3 12.53 0.00000 0.00
Total 1.66893 100 00
0359 e 100
E(FS) = 12.53
0304 [ 90 o(FS) = 1.29
b 80 V(FS) = 10.3%
0254 L -0 E(InFS) = 2.52
o(In FS) = 0.10
k60 FS limit = 1.00
5 2201 i In FS limit = 0.00
o P 50 :UE
0.15 9 L0 T
Bin= 24.5
0.10 1 [ 30 Pr(u)=| _ 0.00000%
b 20 R= 100.00000%
005 9
P 10
000 gty . . g e L At o g 0
0.0 2.0 4.0 6.0 80 10.0 120 140 16.0 180 20.0
FS
Pr(u) R e——f(FS)  ==——F(FS) — ==——FSimit =——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed
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Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
43+00 936
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 894.0 6.89
Mean + 10 Kx 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 894.0 6.89
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 894.0 6.89 0.00000 0.00
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 894.0 6.89
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 894.0 6.89 0.00000 0.00
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 894.0 6.89
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 894.0 6.27 0.09610 19 99
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 894.0 7.37
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 894.0 8.03 0.10890 22.66
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 894.0 7.43
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 894.0 6.38 0.27563 57 35
Mean + 1o Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 894.7 6.89
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 893.3 6.89 0.00000 0.00
Total 0.48063 100 00
0.7 . 100
E(FS) = 6.89
0.6 4 [ 90 o(FS) = 0.69
b 80 V(FS) = 10.1%
054 L -0 E(InFS) = 1.93
o(In FS) = 0.10
0.4 4 P60 % FS limit = 1.00
o ' In FS limit = 0.00
o P 50 :UE
034 b 40 T
Bin= 19.2
021 [ 30 Pru)=| _ 0.00000%
b 20 R= 100.00000%
0.14
P 10
00 . . 5 i e N et g 0
00 10 20 30 40 50 60 70 80 90 100 110
FS
Pr(u) R e——f(FS)  ==——F(FS) — ==——FSimit —=——EFS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

PLATE G7




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

43+00

949

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Results

Random Variables

Ksts/ KXVssv

Fs(progressive erosion)

% of Variance

Case ';’:gv;?i;dgsg‘ sﬁ:(;ss;:srrxa?f?/r;) foundation silty  Ysa Unit weight (pcf) fr(lgsgrr; ei?g'e Te}’l‘e’;v ;‘i'o"r‘]’éz;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E02 2.8E-03 85E-02 120.0 33.0 896.0 1.66
Mean + 10 kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 896.0 1.47
Mean - 10 kx, 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 896.0 1.97 0.06250 3504
Mean + 10 Kxe, 3.3E02 3.4E-03 8 5E-02 120.0 33.0 896.0 1.83
Mean - 10 Kxe, 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 896.0 1.47 0.03240 18.17
Mean + 10 Ky, 3.3E-02 2.8E-03 1.1E-0L 120.0 33.0 896.0 1.93
Mean - 10 Ky Kxe, 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 896.0 1.40 0.07023 3937
Mean + 10 yuu 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 896.0 177
Mean - 10 yeu 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 896.0 1.54 0.01323 7.42
Mean + 106 3.3E-02 2.8E-03 8 5E-02 120.0 350 896.0 1.66
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 896.0 1.66 0.00000 0.00
Mean + 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 897.3 1.66
Mean - 16 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 894.7 1.66 0.00000 0.00
Total 0.17835 100 00
12+ - 100
E(FS) = 1.66
90 o(FS) = 0.42
1019 L 50 V(FS) = 25.4%
E(nFS) = 0.48
08 70 o(n FS) = 0.25
P60 % FS limit = 1.00
™ ' In FS limit = 0.00
2 061 Ls50 &
= S
b0 T
0.4 4 i Bin = 19
Pr(u)=| __ 2.88094%
024 L 20 97.11906%
L 10
00 v 0
0.0 35 40
Fs
Pr(u) R ==—(FS) =——F(FS) =——FSlmt =——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); B, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

43+00

952

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Res

ults

Random Variables

i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 906.0 1.40
Mean + 10 Kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 906.0 1.40
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 906.0 1.90 0.06250 47 25
Mean + 10 Kx 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 906.0 1.74
Mean - 10 Kx, 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 906.0 1.40 0.02890 21 85
Mean + 10 KygKxsss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 906.0 1.68
Mean - 10 KygKxies 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 906.0 1.33 0.03063 23.15
Mean + 10 v.. 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 906.0 1.49
Mean - 10 vy, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 906.0 1.30 0.00902 6.82
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 906.0 1.40
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 906.0 1.40 0.00000 0.00
Mean + 10 TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 908.0 1.47
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 904.0 1.40 0.00123 0.93
Total 0.13228 100 00
1.4 1 - 100
E(FS) = 1.40
124 [ 90 o(FS) = 0.36
L 80 V(FS) = 26.0%
10+ o E(nFs) = 0.30
o(InFS) = 0.26
084 P60 % FS I?m?t = 1.00
™ ' In FS limit = 0.00
o k 50 :UE
0.6 4 b 40 T
Bln = 1.2
0.4 1 [ 30 Pru) =] 11.72464%
P 20 88.27536%
024
/ [0
00 ; Tidrnmmnman e = 0
0.0 0.5 1.0 1.5 2.0 2.5 30
FS
Pr(u) ——f(FS) =——F(FS) ===FSlmit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

PLATE G9




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

43+00

962

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Results

Random Variables

Ksts/ KXVssv

Fs(progressive erosion)

% of Variance

Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E02 2.8E-03 85E-02 120.0 33.0 908.5 152
Mean + 10 kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 152
Mean - 10 kx, 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 2.07 0.07563 46.76
Mean + 10 Kxe, 3.3E02 3.4E-03 8 5E-02 120.0 33.0 908.5 1.88
Mean - 10 Kxe, 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 908.5 152 0.03240 2003
Mean + 10 Ky, 3.3E-02 2.8E-03 1.1E-0L 120.0 33.0 908.5 1.82
Mean - 10 Ky Kxe, 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 908.5 1.45 0.03423 21.16
Mean + 10 yuu 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 908.5 1.62
Mean - 10 yeu 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 908.5 1.41 0.01103 6.82
Mean + 106 3.3E-02 2.8E-03 8 5E-02 120.0 350 908.5 152
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 908.5 1.45 0.00123 0.76
Mean + 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 9113 1.60
Mean - 16 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 905.7 1.43 0.00723 4.47
Total 0.16173 100 00
12+ - 100
E(FS) = 152
90 o(FS) = 0.40
1019 L 50 V(FS) = 26.5%
E(nFS) = 0.38
08 70 o(n FS) = 0.26
P60 % FS limit = 1.00
™ ' In FS limit = 0.00
2 061 Ls50 &
= S
b0 T
0.4 4 i Bin = 15
Pr(u)=| __ 6.94786%
024 L 20 93.05214%
L 10
00 " 0
0.0 05 35
Fs
Pr(u) R ==—{FS) =——F(FS) =——FSlmt =——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

PLATE G10




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

43+00

964

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Results

Random Variables

Ksts/ KXVssv

Fs(progressive erosion)

% of Variance

Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E02 2.8E-03 85E-02 120.0 33.0 908.5 1.50
Mean + 10 kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 1.50
Mean - 10 kx, 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 2.04 0.07290 46 02
Mean + 10 Kxe, 3.3E02 3.4E-03 8 5E-02 120.0 33.0 908.5 1.86
Mean - 10 Kxe, 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 908.5 1.50 0.03240 20.45
Mean + 10 Ky, 3.3E-02 2.8E-03 1.1E-0L 120.0 33.0 908.5 1.80
Mean - 10 Ky Kxe, 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 908.5 1.43 0.03423 21.61
Mean + 10 yuu 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 908.5 1.60
Mean - 10 yeu 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 908.5 1.39 0.01103 6.96
Mean + 106 3.3E-02 2.8E-03 8 5E-02 120.0 350 908.5 1.50
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 908.5 1.45 0.00063 0.39
Mean + 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 9113 158
Mean - 16 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 905.7 1.41 0.00723 4.56
Total 0.15840 100 00
12+ - 100
E(FS) = 1.50
90 o(FS) = 0.40
1019 L 50 V(FS) = 26.5%
E(nFS) = 0.37
08 70 o(n FS) = 0.26
P60 % FS limit = 1.00
™ ' In FS limit = 0.00
2 061 Ls50 &
= S
b0 T
0.4 4 i Bin = 14
Pr(u)=| __ 7.72084%
024 L 20 92.27916%
L 10
00 " 0
0.0 05 35
Fs
Pr(u) R ==—{FS) =——F(FS) =——FSlmt =——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

PLATE G11




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
43+00 982
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv — . Fs(progressive erosion) . % of Variance
Case ';’:gv;?i;dgsg‘ sﬁ:(;ss;:srrxa?f?/r;) foundation silty  Ysa Unit weight (pcf) fr(lgsgrr; ei?g'e Te}’l‘e’;v ;‘i'o"r‘]’éz;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 3.00
Mean + 10 Kx;, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 2.76
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 3.28 0.06760 5.82
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 930.0 3.13
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 930.0 2.87 0.01690 1.46
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 930.0 3.28
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 930.0 2.76 0.06760 5.82
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 930.0 3.21
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 930.0 2.79 0.04410 3.80
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 930.0 3.23
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 930.0 2.77 0.05290 4.56
Mean + 1o Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 933.3 4.06
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 926.7 2.15 0.91203 78 55
Total 1.16113 100 00
050 1 e 100
E(FS) = 3.00
0.45 4 b 90 o(FS) = 108
0.40 9 b 80 V(FS) = 35.9%
E(In FS) = 1.04
0351 70 o(In FS) = 0.35
030 « P60 FS limit = 1.00
™ ' In FS limit = 0.00
L 0259 50 O
hal )
020 + P40 W
Bln = 3.0
0.151 [ 30 Pru) =] 0.14430%
0.10 9 P 20 99.85570%
005 « P 10
000 e e pmn e et TR LS Py D 0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
FS
Pr(u) R e——f(FS)  ==——F(FS) — ==———FSimit —=——FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); B, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

43+00

929

Probability of Unsatisfactory Performance Due To Under Seepage

Taylor's Series Results

Random Variables

Fs(progressive erosion)

% of Variance

Case Kx, relief well  Kyg, D/S blanket Ky . . Btpys, D/S blanket TW, tail water Variance (FS)
, unit weight (pcf > - FS
Kx (ft/s) (ft/s) Vst gnt (pcf) thickness (ft) elevation (ft) (Under Seepage) S
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 888.0 11.41
Mean + 10 Kx,, 6.3E-03 1.7E-04 120.0 6.0 888.0 11.41
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 888.0 11.41 0.00000 0.00
Mean + 10Ky, 3.3E-03 3.3E-04 120.0 6.0 888.0 11.41
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 888.0 11.41 0.00000 0.00
Mean + 10 y., 3.3E-03 1.7E-04 124.0 6.0 888.0 12.21
Mean - 10 ye, 3.3E-03 1.7E-04 116.0 6.0 888.0 10.62 0.63203 3.51
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 75 888.0 11.41
Mean - 10Btys 3.3E-03 1.7E-04 120.0 4.5 888.0 3.07 17.38890 96.49
Mean + 10 TW 3.3E-03 1.7E-04 120.0 6.0 888.7 11.41
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 887.3 11.41 0.00000 0.00
Total 18.02093 100.00
0.12 «
0.10 E(FS) = 11.41
: o(FS) = 425
V(FS) = 37.2%
0.08 E(In FS) = 237
S o(n FS) = 036
o iy FS limit = 100
& 0064 @ In FS limit = 000
g
0.04 4
Bln = 6.6
0.024 Pr(u) = 0.00000%
R= 100.00000%
0.00
0.0 5.0 10.0 15.0 20.0 25.0 30.0
FS
Pr(u) R ====f{(FS) ====F(FS) ====FSlimit ==—=E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state
Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
43+00 936
Taylor's Series Results
Random Variables Fs(progressive erosion) % of Variance
Case ot e va it weight o) Boe BSOSt TILEINES | (Under seepage) | Verenee () FS)
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 894.0 8.63
Mean + 10 Kx,, 6.3E-03 1.7E-04 120.0 6.0 894.0 8.63
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 894.0 8.63 0.00000 0.00
Mean + 10Ky, 3.3E-03 3.3E-04 120.0 6.0 894.0 8.63
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 6.0 894.0 8.63 0.00000 0.00
Mean + 10 y., 3.3E-03 1.7E-04 124.0 6.0 894.0 9.23
Mean - 10 v 3.3E-03 1.7E-04 116.0 6.0 894.0 8.03 0.36000 3.86
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 894.0 8.63
Mean - 10 Btys 3.3E-03 1.7E-04 120.0 4.5 894.0 2.64 8.97003 96.14
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 6.0 894.7 8.63
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 893.3 8.63 0.00000 0.00
Total 9.33003 100.00
0.16 9 r 100
P 90
0-141 E(FS) = 8.63
0.12 4 80 o(FS) = 305
L 70 V(FS) = 35.4%
0.10 < E(nFS) = 2.10
= 60 = o(In FS) = 034
P 0.084 50 & FS limit = 100
= L In FS limit = 000
0.06 4 40 =+
L 30
0.04 4 [0 B = 6.1
Pr(u) = 0.00000%
0.024 L 10 100.00000%
0.00 v v v v v 4 4 4 T 0
00 20 40 60 80 100 120 140 160 180 20.0 220
FS
Pr(u) R  ==={(FS) =———F(FS) ==——FSimit =———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
43+00 949
Taylor's Series Results
Random Variables Fs(progressive erosion) % of Variance
Case ot e va it weight o) Boe BSOSt TILEINES | (Under seepage) | Verenee () FS)
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 896.0 8.17
Mean + 10 Kx,, 6.3E-03 1.7E-04 120.0 6.0 896.0 8.17
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 896.0 6.43 0.75690 7.17
Mean + 10Ky, 3.3E-03 3.3E-04 120.0 6.0 896.0 8.17
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 6.0 896.0 7.08 0.29703 2.81
Mean + 10 y., 3.3E-03 1.7E-04 124.0 6.0 896.0 8.73
Mean - 10 v 3.3E-03 1.7E-04 116.0 6.0 896.0 7.60 0.31923 3.02
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 896.0 8.17
Mean - 10 Btys 3.3E-03 1.7E-04 120.0 4.5 896.0 2.11 9.18090 86.99
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 6.0 897.3 8.17
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 894.7 8.17 0.00000 0.00
Total 10.55405 100.00
0.16 « r 100
P 90
0141 E(FS) = 8.17
012 80 o(FS) = 325
L 70 V(FS) = 39.8%
0.10 4 E(|I"I FS) = 203
= 60 = o(nFS) = 038
P 0.084 50 & FS limit = 100
= 0 < In FS limit = 000
0.06 4
P 30
0.04 4 2o Bin = 5.3
Pr(u) = 0.00001%
0.02 9 10 99.99999%
0.00 v v v - ] ] ] ] T 0
00 20 40 6.0 80 10.0 120 14.0 16.0 18.0 200 22.0 24.0
FS
Pr(u) R  ==——f(FS) ==———F(FS) ==—FS|mit ==———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
43+00 952
Taylor's Series Results
Random Variables s ) ) % of Variance
Case KX, relief well  Kyg, D/S blanket Ky L Btpys, D/S blanket TW, tail water (progressive erosion) Variance (FS) °
, unit weight (pcf > T FS
Kx (ft/s) (ft/s) Vo aht (pef) thickness (ft) elevation (ft) (Under Seepage) (FS)
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 906.0 7.41
Mean + 10 Kx,, 6.3E-03 1.7E-04 120.0 6.0 906.0 7.58
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 906.0 5.74 0.84640 7.98
Mean + 10Ky, 3.3E-03 3.3E-04 120.0 6.0 906.0 8.61
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 6.0 906.0 6.24 1.40423 13.24
Mean + 10 v 3.3E-03 1.7E-04 124.0 6.0 906.0 7.92
Mean - 10 v 3.3E-03 1.7E-04 116.0 6.0 906.0 6.89 0.26523 2.50
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 906.0 7.41
Mean - 10 Btys 3.3E-03 1.7E-04 120.0 4.5 906.0 2.02 7.26303 68.47
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 6.0 908.0 9.23
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 904.0 7.41 0.82810 7.81
Total 10.60698 100.00
0.18 = r 100
0.16 1 90
E(FS) = 7.41
0.14 4 80 o(FS) = 326
L 70 V(FS) = 44.0%
0.12 9 E(nFS) = 191
~ 0.104 [60 = o(in FS) = 0.42
2 L 50 & FS limit = 100
¥ 0.08 4 L In FS limit = 000
k40 T
0.06 L 20
0.04 4 Lo Bin = 4.6
Pr(u) = 0.00026%
0.02 1 b 10 99.99974%
0.00 e e i B e e e STy 0
00 20 40 60 80 100 120 140 16.0 18.0 200 22.0
FS
Pr(u) R  ==——f(FS) ==———F(FS) ==—FS|mit ==———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
43+00 962
Taylor's Series Results
Random Variables s ) ) % of Variance
Case KX, relief well  Kyg, D/S blanket Ky L Btpys, D/S blanket TW, tail water (progressive erosion) Variance (FS) °
, unit weight (pcf > - Under S FS
Kx (ft/s) (ft/s) Vot gnt (pen) thickness (ft) elevation (ft) (Under Seepage) S
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 908.5 8.27
Mean + 10 Kx,, 6.3E-03 1.7E-04 120.0 6.0 908.5 8.49
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 908.5 6.31 1.18810 6.39
Mean + 10Ky, 3.3E-03 3.3E-04 120.0 6.0 908.5 9.65
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 6.0 908.5 7.00 1.75563 9.44
Mean + 10 v 3.3E-03 1.7E-04 124.0 6.0 908.5 8.85
Mean - 10 v 3.3E-03 1.7E-04 116.0 6.0 908.5 7.70 0.33063 1.78
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 908.5 8.27
Mean - 10 Btys 3.3E-03 1.7E-04 120.0 4.5 908.5 2.10 9.51723 51.17
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 6.0 911.3 10.11
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 905.7 5.29 5.80810 31.23
Total 18.59968 100.00
0.14 = r 100
P 90
0.12 4 E(FS) = 8 27
80 o(FS) = 431
0.10 4 L 70 V(FS) = 52.1%
E(In FS) = 199
__0.084 60 = o(In FS) = 0.49
2 L 50 & FS limit = 100
= 4 L In FS limit = 000
0.06 Lo ©
0.04 « P 30
L 20 Bln = 4.1
0024 Pr(u) = 0.00243%
P 10 99.99757%
0.00 e e =l 7 0
0.0 5.0 10.0 15.0 20.0 25.0 30.0
FS
Pr(u) R =——f(FS) =———=F(FS) ===FSlimit =———FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
43+00 964
Taylor's Series Results
Random Variables s ) ) % of Variance
Case KX, relief well  Kyg, D/S blanket Ky L Btpys, D/S blanket TW, tail water (progressive erosion) Variance (FS) °
, unit weight (pcf > - Under S FS
Kx (ft/s) (ft/s) Vot gnt (pen) thickness (ft) elevation (ft) (Under Seepage) S
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 908.5 8.17
Mean + 10 Kx,, 6.3E-03 1.7E-04 120.0 6.0 908.5 8.39
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 908.5 6.01 1.41610 7.87
Mean + 10Ky, 3.3E-03 3.3E-04 120.0 6.0 908.5 9.23
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 6.0 908.5 6.70 1.60023 8.89
Mean + 10 v 3.3E-03 1.7E-04 124.0 6.0 908.5 8.73
Mean - 10 v 3.3E-03 1.7E-04 116.0 6.0 908.5 7.60 0.31923 1.77
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 908.5 8.17
Mean - 10 Btys 3.3E-03 1.7E-04 120.0 4.5 908.5 2.10 9.21123 51.18
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 6.0 911.3 9.80
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 905.7 5.13 5.45223 30.29
Total 17.99900 100.00
0.14 = r 100
P 90
0.12 4 E(FS) = 8.17
[ 80 o(FS) = 424
0.10 4 L 70 V(FS) = 51.9%
E(In FS) = 198
__0.084 60 = o(In FS) = 0.49
2 L 50 & FS limit = 100
= 4 L In FS limit = 000
0.06 Lo ©
0.04 « P 30
L 20 Bln = 4.1
0024 Pr(u) = 0.00251%
P 10 99.99749%
0.00 e L B e e v 0
0.0 5.0 10.0 15.0 20.0 25.0 30.0
FS
Pr(u) R =——f(FS) =———=F(FS) ===FSlimit =———FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
43+00 982
Taylor's Series Results
Random Variables s ) ) % of Variance
Case KX, relief well  Kyg, D/S blanket Ky L Btpys, D/S blanket TW, tail water (progressive erosion) Variance (FS) °
, unit weight (pcf > - FS
Kx (ft/s) (ft/s) Vst gnt (pcf) thickness (ft) elevation (ft) (Under Seepage) S
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 930.0 25.48
Mean + 10 Kx,, 6.3E-03 1.7E-04 120.0 6.0 930.0 26.54
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 930.0 18.20 17.38890 8.58
Mean + 10Ky, 3.3E-03 3.3E-04 120.0 6.0 930.0 31.85
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 6.0 930.0 21.96 24.45303 12.07
Mean + 10 v 3.3E-03 1.7E-04 124.0 6.0 930.0 27.25
Mean - 10 v 3.3E-03 1.7E-04 116.0 6.0 930.0 23.71 3.13290 1.55
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 930.0 25.48
Mean - 10 Btys 3.3E-03 1.7E-04 120.0 4.5 930.0 2.73 129.39063 63.88
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 6.0 933.3 31.85
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 926.7 21.23 28.19610 13.92
Total 202.56155 100.00
0.045 r 100
0.040 90
E(FS) = 25.48
0.035 80 o(FS) = 1423
L 70 V(FS) = 55.9%
0.030 E(nFS) = 3.10
. 0.025 [60 = o(in FS) = 052
2 L 50 & FS limit = 100
¥ 0.020 L In FS limit = 000
b 40 T
0.015 L 20
0.010 Lo Bin = 6.0
Pr(u) = 0.00000%
0.005 b 10 R =[__100.00000%
0.000 g e e g g )
00 100 200 30.0 400 500 60.0 70.0 800 90.0
FS
Pr(u) R ==——f(FS) ==———F(FS) ==FSlmit =———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state
Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
49+00 929
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv — . Fs(progressive erosion) . % of Variance
Case ';’:gv;?i;dgsg‘ sﬁ:(;ss;:srrxa?f?/r;) foundation silty  Ysa Unit weight (pcf) fr(lgsgrr; ei?g'e Te}’l‘e’;v ;‘i'o"r‘]’éz;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 888.0 3.83
Mean + 10 Kx;, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 888.0 3.60
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 888.0 4.72 0.31360 3557
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 888.0 4.58
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 888.0 3.48 0.30250 3431
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 888.0 4.32
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 888.0 3.67 0.10563 1198
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 888.0 4.10
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 888.0 3.56 0.07290 8.27
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 888.0 4.13
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 888.0 3.54 0.08703 9.87
Mean + 1o Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 888.7 3.83
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 887.3 3.83 0.00000 0.00
Total 0.88165 100 00
050 1 e 100
E(FS) = 3.83
0.45 4 b 90 o(FS) = 094
0.40 9 b 80 V(FS) = 24.5%
E(In FS) = 1.31
0351 70 o(In FS) = 0.24
030 « P60 FS limit = 1.00
™ ' In FS limit = 0.00
L 0259 50 O
hal )
020 + P40 W
Bln = 5.4
0.151 [ 30 Pru)=| _ 0.00000%
0.10 9 P 20 100.00000%
005 « P 10
000 L N A o 0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
FS
Pr(u) R~ e=f{(FS)  e=p((FS) — e——FSimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); B, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

49+00

936

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Res

ults

Random Variables

i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 894.0 2.15
Mean + 10 kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 894.0 1.96
Mean - 10 kx, 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 894.0 2.58 0.09610 38 04
Mean + 10 Kx, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 894.0 2.49
Mean - 10 Kxe, 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 894.0 1.92 0.08123 32.15
Mean + 10 Kyiukxes 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 894.0 2.34
Mean - 10 Ky Kxes 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 894.0 2.02 0.02560 10.13
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 894.0 2.30
Mean - 16 yv.. 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 894.0 2.00 0.02250 8.91
Mean + 106 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 894.0 2.32
Mean - 16 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 894.0 1.99 0.02723 10.78
Mean + 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 894.7 2.15
Mean - 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 893.3 2.15 0.00000 0.00
Total 0.25265 100 00
09+ > 100
E(FS) = 2.15
084 90 o(FS) = 0.50
07 L 50 V(FS) = 23.4%
E(nFS) = 0.74
06 70 o(n FS) = 0.23
P60 % FS limit = 1.00
@ 951 ' In FS limit = 0.00
L P50 &
= 0.4 4 Iy
Lo T
034 i [ 3.2
Pr(u)=| __ 0.06802%
029 L 20 99.93198%
0.14 L 10
00 - 0
00 05 45
Fs
Pr(u) R  ===={(FS) ==——F(FS) ==—FSlimit =———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

49+00

949

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Res

ults

Random Variables

i i Ksts/KXVSsv P : Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ Sﬁ:‘;;;r?srlfxaz'fzz) foundation silty  Ysa. UNit weight (pcf) fr(lg:grr; :Sr;gle Tevl‘év ﬁ'i'o"r‘]’ez;e)’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 896.0 1.08
Mean + 10 K, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 896.0 1.06
Mean - 10 Kx 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 896.0 1.08 0.00010 0.78
Mean + 10 K 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 896.0 1.09
Mean - 10 Kx 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 896.0 1.04 0.00063 4.86
Mean + 10 KyieKxies 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 896.0 1.06
Mean - 10 KyiKxies 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 896.0 1.08 0.00010 0.78
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 896.0 1.15
Mean - 10 y., 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 896.0 1.00 0.00562 43.77
Mean + 10 § 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 896.0 1.16
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 896.0 1.00 0.00640 49 81
Mean + 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 897.3 1.08
Mean - 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 894.7 1.08 0.00000 0.00
Total 0.01285 100 00
409 r 100
E(FS) = 1.08
354 90 o(FS) = 0.11
b 80 V(FS) = 10.5%
30+ E(In FS) = 0.07
70 o(In FS) = 0.10
251 L 60 FS limit = 1.00
@ 204 L =0 ,m\ In FS limit = 0.00
= v
154 40 I
b 30 Bln = 0.7
104 Pr(u) = 24.73315%
b 20 75.26685%
054 L 10
00 T v 0
0.0 0.5 1.0 15 20
FS
Pr(u) R~ e=={(FS)  e=——=F(FS) — e==———FSimit — =——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

49+00

952

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Res

ults

Random Variables

i i Ksts/KXVSsv P f Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ Sﬁ:‘;;;r?srlfxaz'fzz) foundation silty  Ysa. UNit weight (pcf) fr(lg:grr; :Sr;gle Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 906.0 1.06
Mean + 10 Kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 906.0 1.06
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 906.0 1.08 0.00010 0.61
Mean + 10 Kxs 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 906.0 1.09
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 906.0 1.04 0.00063 3.82
Mean + 10 KyiyKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 906.0 1.06
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 906.0 1.08 0.00010 0.61
Mean + 10 ye, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 906.0 1.13
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 906.0 0.99 0.00490 2997
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 906.0 1.14
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 906.0 0.98 0.00640 39.14
Mean + 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 908.0 1.19
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 904.0 1.06 0.00422 2584
Total 0.01635 100 00
354 r 100
E(FS) = 1.06
304 [ 90 o(FS) = 0.13
b 80 V(FS) = 12.1%
25d = E(n FS) = 0.05
o(in FS) = 0.12
204 P60 ¥ FS limit = 1.00
n ' In FS limit = 0.00
o k 50 :UE
154 b 40 T
Bln = 0.4
104 [ 30 Pr(u)=| _ 33.55300%
b 20 66.44700%
05+
P 10
00 T 0
0.0 0.5 1.0 1.5 20
FS
Pr(u) R ==——f(FS) ==———F(FS) ==FSlmit =———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

49+00

962

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Results

Random Variables

Ksts/ KXVssv

Fs(progressive erosion)

% of Variance

Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E02 2.8E-03 85E-02 120.0 33.0 908.5 115
Mean + 10 kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 1.15
Mean - 10 kx, 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 117 0.00010 0.36
Mean + 10 Kxe, 3.3E02 3.4E-03 8 5E-02 120.0 33.0 908.5 1.19
Mean - 10 Kxe, 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 908.5 111 0.00160 5.79
Mean + 10 Ky, 3.3E-02 2.8E-03 1.1E-0L 120.0 33.0 908.5 113
Mean - 10 Ky Kxe, 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 908.5 117 0.00040 1.45
Mean + 10 yuu 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 908.5 1.23
Mean - 10 yeu 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 908.5 1.07 0.00640 23.17
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 350 908.5 1.24
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 908.5 1.06 0.00810 2932
Mean + 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 9113 1.25
Mean - 16 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 905.7 1.04 0.01103 3991
Total 0.02763 100 00
304 - - 100
E(FS) = 115
90 o(FS) = 0.17
251 L 50 V(FS) = 14.5%
E(nFS) = 0.13
20 70 o(n FS) = 0.14
P60 % FS limit = 1.00
™ ' In FS limit = 0.00
2 154 Ls50 &
= S
b0 T
104 i Bin = 0.9
Pr(u)=| _ 18.40205%
054 L 20 81.59795%
/ L 10
O O gl JEEEreiTYy O
0.0 05 15 20
Pr(u) R ==—{FS) =——F(FS) =——FSlmt =——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

49+00

964

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Res

ults

Random Variables

i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 1.15
Mean + 10 Kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 1.09
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 1.17 0.00160 5.33
Mean + 10 Kxgss 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 908.5 1.19
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 908.5 1.09 0.00250 8.33
Mean + 10 KysgKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 908.5 1.13
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 908.5 1.17 0.00040 1.33
Mean + 10 v.. 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 908.5 1.23
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 908.5 1.07 0.00640 2132
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 908.5 1.24
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 908.5 1.06 0.00810 26 98
Mean + 10 Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 911.3 1.25
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 905.7 1.04 0.01103 36.72
Total 0.03003 100 00
25 - r 100
E(FS) = 1.15
90 o(FS) = 0.17
204 k 80 V(FS) = 15.1%
E(In FS) = 0.13
70 o(In FS) = 0.15
154 60 9 FS limit = 1.00
™ ' In FS limit = 0.00
L P50 &
= )
104 40 I
L 30 Bln = 0.9
Pr(u) = 19.54789%
059 P 20 80.45211%
/ P 10
00 - D Ty 0
0.0 0.5 1.0 1.5 20
FS
Pr(u) R  ==——f(FS) ==———F(FS) ==FSlmit =———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

49+00

982

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Res

ults

Random Variables

i i Ksts/KXVSsv — . Fs(progressive erosion) . % of Variance
Case ';’:gv;?i;dgsg‘ sﬁ:(;ss;:srrxa?f?/r;) foundation silty  Ysa Unit weight (pcf) fr(lgsgrr; ei?g'e Te}’l‘e’;v ;‘i'o"r‘]’éz;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 1.52
Mean + 10 Kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 1.50
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 1.63 0.00422 0.58
Mean + 10 Kx 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 930.0 1.52
Mean - 10 Kx, 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 930.0 1.51 0.00003 0.00
Mean + 10 KygKxsss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 930.0 1.52
Mean - 10 KygKxies 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 930.0 1.56 0.00040 0.05
Mean + 10 v.. 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 930.0 1.62
Mean - 10 vy, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 930.0 1.41 0.01103 1.51
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 930.0 1.52
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 930.0 1.52 0.00000 0.00
Mean + 10 TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 933.3 0.51
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 926.7 2.20 0.71403 97 85
Total 0.72970 100 00
0.7 4 - 100
E(FS) = 152
0.6 4 [ 90 o(FS) = 0.85
¥ V(FS) = 56.0%
054 o E(n FS) = 0.28
o(InFS) = 0.52
0.4 4 P60 % FS limit = 1.00
o ' In FS limit = 0.00
o k 50 :UE
034 b 40 T
Bln = 0.5
021 [ 30 Pr(u)=| _ 29.55403%
P 20 70.44597%
0.14
10
00 Aprnann B ey e ey T 0
0.0 0.5 1.0 15 2.0 2.5 3.0 35 40 45 5.0 55
FS
Pr(u) R  ===={(FS) ==——F(FS) ==—FS|imit =———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); B, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

49+00

929

Probability of Unsatisfactory Performance Due To Under Seepage

Taylor's Series Results

Random Variables

Fs(progressive erosion)

% of Variance

Case KX, relief well  Kyg, D/S blanket Ky N Btps, D/S blanket Kxq, rock toe TW, tail water Variance (FS)
, unit weight (pc > ; FS
Kx (ft/s) (ft's) Ve oht (pef) thickness (ft) Kx (ft/s) elevation (ft) (Under Seepage) (FS)
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 888.0 6.24
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 888.0 6.24
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 888.0 6.24 0.00000 0.00
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 888.0 6.24
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 888.0 6.24 0.00000 0.00
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 888.0 6.68
Mean - 10y, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 888.0 5.81 0.18923 6.69
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 888.0 6.24
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 888.0 2.99 2.64063 93 31
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 888.0 6.24
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 888.0 6.24 0.00000 0.00
Mean + 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 888.7 6.24
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 887.3 6.24 0.00000 0.00
Total 2.82985 100 00
030+ r 100
P 90
0251 L 50 E(FS) = 6.04
o(FS) = 1.68
0204 70 V(FS) = 27.0%
60 E(In FS) = 1.80
o 5 o(in FS) = 0.26
L 0151 50 & FS limit = 1.00
b 40 T In FS limit = 0.00
0.10 L 30
k20 Bin= 6.8
0054 10 Pr(u) = 0.00000%
R= 100.00000%
000 v v 0
00 1.0 20 30 40 50 6.0 7.0 80 9.0 10.0 11.0 12.0 13.0 14.0
FS
Pr(u) R e====f(FS) ==—=F(FS) ==———FSlmit =——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

49+00

936

Probability of Unsatisfactory Performance Due To Under Seepage

Taylor's Series Results

Random Variables

Fs(progressive erosion)

% of Variance

Case KX, relief well  Kyg, D/S blanket Ky . . Btps, D/S blanket Kxq, rock toe TW, tail water Variance (FS)
, unit weight (pc > ; FS
Kx (ft/s) (ft's) Ve oht (pef) thickness (ft) Kx (ft/s) elevation (ft) (Under Seepage) (FS)
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 894.0 5.05
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 894.0 5.05
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 894.0 5.05 0.00000 0.00
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 894.0 5.05
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 894.0 5.05 0.00000 0.00
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 894.0 5.41
Mean - 10y, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 894.0 4.70 0.12603 1.41
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 894.0 5.05
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 894.0 2.97 1.08160 12 07
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 894.0 5.05
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 894.0 5.05 0.00000 0.00
Mean + 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 894.7 10.62
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 893.3 5.05 7.75623 86 53
Total 8.96385 100 00
025+ r 100
k 90
020 k 80 E(FS) = 5.05
o(FS) = 2.99
70 V(FS) = 59.3%
0.15 60 E(In FS) = 1.47
@ - o(n FS) = 0.55
L F50 @ FS limit = 1.00
0.10 b0 T In FS limit = 0.00
P 30
005 4 P 20 Bin= 2.7
L 1o Pr(u) = 0.37226%
R= 99.62774%
000 g e S e e e e e e e e 0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
FS
Pr(u) R —f(FS) ——e—F(FS) —e——FSimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
49+00 949
Taylor's Series Results
Random Variables S ) i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 896.0 6.63
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 896.0 6.63
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 896.0 6.63 0.00000 0.00
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 896.0 6.63
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 896.0 2.72 3.82203 49.67
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 896.0 7.10
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 896.0 6.17 0.21623 2.81
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 896.0 6.63
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 896.0 2.95 3.38560 44 00
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 896.0 6.63
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 896.0 6.63 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 897.3 6.63
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 894.7 5.59 0.27040 3.51
Total 7.69425 100 00
020 « r 100
0.18 4 P 90
0.16 + 80 E(FS) = 6.63
o(FS) = 2.77
0.14 4 70 V(FS) = 41.8%
0.12 < 60 E(In FS) = 1.81
o 5 o(in FS) = 0.40
L 0104 50 & FS limit = 1.00
008 b 40 T In FS limit = 0.00
006 « P 30
004 + b 20 Bin= 45
Pr(u) = 0.00033%
002 10 R= 99.99967%
000 i A e e e e T 0
0.0 2.0 4.0 6.0 8.0 100 120 140 16.0 180 20.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
49+00 952
Taylor's Series Results
Random Variables FS(pro ressive erosion) % of Variance
Case Kxw, relief well  Kyg, D/S blanket Ky Vean UNit weight (pcf) BtD/S.’ D/S blanket Kxy, rock toe TW, ta|l| water (Un d:r Seepage) Variance (FS) (FS)
Kx (ft/s) (ft/s) thickness (ft) Kx (ft/s) elevation (ft)
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 906.0 62.44
Mean + 10 KXy, 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 906.0 62.44
Mean - 10 Kx,, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 906.0 58.97 3.01023 0.11
Mean + 10 Kys 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 906.0 63.69
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 906.0 17.69 529.00000 18.70
Mean + 10 ye, 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 906.0 66.78
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 906.0 58.11 18.79223 0.66
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 906.0 62.44
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 906.0 2.99 883.57563 3124
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 906.0 62.44
Mean - 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 906.0 12.74 617.52250 2183
Mean + 10 Tw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.0 66.35
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 904.0 10.62 776.45823 27.45
Total 2828.35880 100 00
0016 « r 100
0014 4 90
L 30 E(FS) = 62.44
0012 < o(FS) = 53.18
70 V(FS) = 85.2%
0010 1 L 60 © E(In FS) = 3.86
& o o(InFS) = 0.74
L 00084 50 & FS limit = 1.00
0006 b 40 T In FS limit = 0.00
P 30
0004 +
b 20 Bin= 5.2
0 002 L 10 Pr(u) = 0.00001%
R= 99.99999%
0 000 g P O
0.0 50.0 100.0 150.0 200.0 250.0 300.0
FS
Pr(u) R =——f(FS) ==——=F(FS) ===FSlimit =———FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

PLATE G30




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
49+00 962
Taylor's Series Results
Random Variables S , i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.5 58.97
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.5 58.97
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 908.5 48.25 28.72960 1.69
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 908.5 62.44
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 908.5 17.12 513.47560 30.17
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 908.5 63.07
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 908.5 54.88 16.76903 0.99
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 908.5 58.97
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 908.5 3.12 779.80563 45 81
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 908.5 58.97
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 908.5 24.50 297.04523 17.45
Mean + 1oTw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 911.3 62.44
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 905.7 46.15 66.34103 3.90
Total 1702.16610 100 00
0018 « r 100
0016 9 P 90
i L 30 E(FS) = 58.97
0014 o(FS) = 41.26
0012 70 V(FS) = 70.0%
60 E(In FS) = 3.88
7 00104 o a(InFS) = 0.63
L oosd 50 & FS limit = 1.00
b 40 T In FS limit = 0.00
0 006 4 L 30
0004 < L 50 Bin = 6.1
0002 Lo Pr(u) = 0.00000%
R= 100.00000%
0 000 L Y Y Ty b O
0.0 50.0 100.0 150.0 200.0 250.0
FS
Pr(u) R =——f(FS) ==——=F(FS) ===FSlimit =———FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

PLATE G31




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
49+00 964
Taylor's Series Results
Random Variables S , i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.5 58.97
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.5 58.97
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 908.5 46.15 41.08810 2.33
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 908.5 62.44
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 908.5 16.33 531.53303 30.11
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 908.5 63.07
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 908.5 54.88 16.76903 0.95
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 908.5 58.97
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 908.5 3.12 779.80563 44.18
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 908.5 58.97
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 908.5 23.59 312.93610 17.73
Mean + 1oTw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 911.3 62.44
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 905.7 44.23 82.90103 4.70
Total 1765.03290 100 00
0018 « r 100
0016 9 P 90
i L 30 E(FS) = 58.97
0014 o(FS) = 42.01
0012 70 V(FS) = 71.2%
60 E(In FS) = 3.87
& 00104 - o(In FS) = 0.64
L oosd 50 & FS limit = 1.00
b 40 T In FS limit = 0.00
0 006 4 L 30
0004 1 L 20 Bin = 6.0
0002 Lo Pr(u) = 0.00000%
R= 100.00000%
0 000 A Y Y b O
0.0 50.0 100.0 150.0 200.0 250.0
FS
Pr(u) R =——f(FS) ==——=F(FS) ===FSlimit =———FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

PLATE G32




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
49+00 982
Taylor's Series Results
Random Variables FS(pro ressive erosion) % of Variance
Case Kxw, relief well  Kyg, D/S blanket Ky Vean UNit weight (pcf) BtD/S.v D/S blanket Kxy, rock toe TW, ta|l| water (Un dgr Seepage) Variance (FS) (FS)
Kx (ft/s) (ft/s) thickness (ft) Kx (ft/s) elevation (ft)
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 930.0 63.69
Mean + 10 KXy, 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 930.0 63.69
Mean - 10 Kx,, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 930.0 63.69 0.00000 0.00
Mean + 10 Kys 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 930.0 63.69
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 930.0 21.23 450.71290 27 84
Mean + 10y, 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 930.0 68.12
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 930.0 59.27 19.58063 1.21
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 930.0 70.77
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 930.0 2.99 1148.53210 70 95
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 930.0 63.69
Mean - 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 930.0 63.69 0.00000 0.00
Mean + 10 Tw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 933.3 63.69
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 926.7 63.69 0.00000 0.00
Total 1618.82563 100 00
0016 «
0014 «
E(FS) = 63.69
0012 < o(FS) = 40.23
V(FS) = 63.2%
0010 1 < E(In FS) = 3.99
& o o(InFS) = 0.58
L 00084 o FS limit = 1.00
0006 o g In FS limit = 0.00
0004 +
Bln = 6.9
0002 4 Pr(u) = 0.00000%
R= 100.00000%
0 000
0.0 50.0 100.0 150.0 200.0 250.0
FS
Pr(u) R =——f(FS) ==——=F(FS) ===FSlimit =———FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed

PLATE G33




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
51+00 929
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 888.0 6.27
Mean + 10 Kx 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 888.0 5.57
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 888.0 7.24 0.69723 49.74
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 888.0 6.71
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 888.0 5.72 0.24503 17.48
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 888.0 6.48
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 888.0 6.08 0.04000 2.85
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 888.0 6.70
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 888.0 5.83 0.18923 1350
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 888.0 6.76
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 888.0 5.80 0.23040 16.44
Mean + 1o Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 888.7 6.27
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 887.3 6.27 0.00000 0.00
Total 1.40188 100 00
0.40 1 e 100
E(FS) = 6.27
0354 [ 90 o(FS) = 1.18
k80 V(FS) = 18.9%
0309 E(In FS) = 1.82
70 o(In FS) = 0.19
0251 L 60 FS limit = 1.00
™ ' In FS limit = 0.00
L 0209 P50 O
hal )
0.15 4 40 &
L 30 Bln = 9.7
0.10 4 Pr(u) = 0.00000%
P 20 R= 100.00000%
005 9 L 10
000 y o e e v 0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
FS
Pr(u) R e——f{(FS)  e=——f(FS) =S imit — =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

51+00

936

Probability of Unsatisfactory Performance Due To Through Seepage

Taylor's Series Res

ults

Random Variables

i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 894.0 1.97
Mean + 10 Kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 894.0 1.86
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 894.0 2.03 0.00722 7.30
Mean + 10 Kx 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 894.0 2.22
Mean - 10 Kx, 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 894.0 1.91 0.02403 24 28
Mean + 10 KygKxsss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 894.0 2.16
Mean - 10 KygKxies 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 894.0 1.84 0.02560 25 87
Mean + 10 v.. 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 894.0 2.11
Mean - 10 vy, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 894.0 1.83 0.01960 19 81
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 894.0 2.12
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 894.0 1.82 0.02250 22.74
Mean + 10 TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 894.7 1.97
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 893.3 1.97 0.00000 0.00
Total 0.09895 100 00
1.4 - 100
E(FS) = 1.97
124 [ 90 o(FS) = 031
80 V(FS) = 16.0%
10+ o E(nFS) = 0.67
o(InFS) = 0.16
084 P60 % FS limit = 1.00
™ ' In FS limit = 0.00
o k 50 :UE
0.6 4 b 40 T
Bln = 4.2
0.4 1 [ 30 Pru)=|  0.00137%
P 20 99.99863%
024
10
00 v et St U CE PR 7 0
0.0 0.5 1.0 15 2.0 2.5 3.0 35
FS
Pr(u) R  ===={(FS) ==——F(FS) ==—FSlimit =———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
51+00 949
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 896.0 0.73
Mean + 10 Kx 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 896.0 0.68
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 896.0 0.85 0.00722 40 25
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 896.0 0.80
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 896.0 0.68 0.00360 20 06
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 896.0 0.78
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 896.0 0.70 0.00160 8.91
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 896.0 0.78
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 896.0 0.68 0.00250 1393
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 896.0 0.79
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 896.0 0.68 0.00303 16 85
Mean + 10 TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 897.3 0.73
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 894.7 0.73 0.00000 0.00
Total 0.01795 100 00
35+ | e 100
E(FS) = 0.73
30 [ 90 o(FS) = 0.13
b 80 V(FS) = 18.4%
254 L -0 E(InFS) = -0.33
o(In FS) = 0.18
204 P60 % FS limit = 1.00
™ ' In FS limit = 0.00
o k 50 :UE
154 b 40 T
Bln = -1.8
104 [ 30 Pru)=|  96.56253%
b 20 R= 3.43747%
054
&- 10
0 0 p———— ———etiypaaassaansalassaanananna 0
0.0 1.0 15
FS
Pr(u) R e=f{(FS)  e=p((FS) — e——rSimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
51+00 952
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 906.0 0.70
Mean + 10 Kx 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 906.0 0.62
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 906.0 0.81 0.00903 43 34
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 906.0 0.76
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 906.0 0.65 0.00303 14 53
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 906.0 0.73
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 906.0 0.66 0.00123 5.88
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 906.0 0.74
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 906.0 0.65 0.00203 9.72
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 906.0 0.75
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 906.0 0.64 0.00303 14 53
Mean + 10 TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 908.0 0.79
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 904.0 0.69 0.00250 12 00
Total 0.02083 100 00
35+ e—— e 100
E(FS) = 0.70
30 [ 90 o(FS) = 0.14
b 80 V(FS) = 20.6%
254 L -0 E(In FS) i -0.38
o(In FS) = 0.20
204 P60 % FS I?m?t = 1.00
™ ' In FS limit = 0.00
o k 50 :UE
154 b 40 T
Bln = -1.9
104 [ 30 Pru) =] 96.78644%
b 20 R= 3.21356%
054
&- 10
00 aapasaxsasalansasnsnzans 0
0.0 0.5 1.0 15
FS
Pr(u) R e=f{(FS)  e=p((FS) — e——rSimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
51+00 962
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv — . Fs(progressive erosion) . % of Variance
Case ';’:gv;?i;dgsg‘ sﬁ:(;ss;:srrxa?f?/r;) foundation silty  Ysa Unit weight (pcf) fr(lgsgrr; ei?g'e Te}’l‘e’;v ;‘i'o"r‘]’éz;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 0.66
Mean + 10 Kx;, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 0.57
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 0.79 0.01210 3596
Mean + 10 Kxs 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 908.5 0.73
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 908.5 0.60 0.00423 12 56
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 908.5 0.78
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 908.5 0.62 0.00640 19 02
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 908.5 0.71
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 908.5 0.62 0.00203 6.02
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 908.5 0.71
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 908.5 0.61 0.00250 7.43
Mean + 10 TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 911.3 0.73
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 905.7 0.57 0.00640 19 02
Total 0.03365 100 00
309 | e 100
E(FS) = 0.66
90 o(FS) = 0.18
251 L 50 V(FS) = 27.8%
E(nFS) = -0.45
20 70 o(n FS) = 0.27
P60 % FS limit = 1.00
™ ' In FS limit = 0.00
W 15+ 50 O
hal )
b 40 T
104 L 20 Bin= -1.7
Pr(u) = 95.15056%
054 b 20 R= 4.84944%
\ b 10
00 0
0.0 1.0 15
FS
Pr(u) R e=f{(FS)  e=p((FS) — e——FSlimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); B, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
51+00 964
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv — . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysa Unit weight (pcf) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 0.65
Mean + 10 Kx, 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 0.57
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 908.5 0.79 0.01210 45.11
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 908.5 0.73
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 908.5 0.61 0.00360 13.42
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 908.5 0.68
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 908.5 0.63 0.00063 2.33
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 908.5 0.70
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 908.5 0.62 0.00160 5.96
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 908.5 0.70
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 908.5 0.60 0.00250 9.32
Mean + 1o Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 911.3 0.73
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 905.7 0.57 0.00640 23 86
Total 0.02683 100 00
309 ee——— e 100
E(FS) = 0.65
90 o(FS) = 0.16
251 L 50 V(FS) = 25.2%
E(InFS) = -0.46
20 70 o(n FS) = 0.25
P60 % FS limit = 1.00
™ ' In FS limit = 0.00
W 15+ 50 O
hal )
b 40 T
104 L 20 Bin= -1.9
Pr(u) = 96.85808%
05 b 20 R= 3.14192%
P 10
00 \_ b 0
0.0 1.0 15
FS
Pr(u) R e=f{(FS)  e=p((FS) — e——FSlimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); B, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Through Seepage
51+00 982
Taylor's Series Results
Random Variables
i i Ksts/KXVSsv i . Fs(progressive erosion) . % of Variance
Case ';’Egv;?i;dgsg‘ S’I(l:(;;;r?a"lfxa?fflz) foundation silty  Ysas Unit weight (pef) fr(lg(t;grr; ei?g'e Te)’l‘e’;v ;‘i!’ﬁ;g’ (Through Seepage) | vanance (FS) (FS)
sand Ky/Kx
Mean (Expected) 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 0.55
Mean + 10 Kx 4.1E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 0.51
Mean - 10 Kxg 2.5E-02 2.8E-03 8 5E-02 120.0 33.0 930.0 0.60 0.00203 43 55
Mean + 10 Kxi, 3.3E-02 3.4E-03 8 5E-02 120.0 33.0 930.0 0.56
Mean - 10 Kxgs 3.3E-02 2.2E-03 8 5E-02 120.0 33.0 930.0 0.54 0.00010 2.15
Mean + 10 KyjsKxiss 3.3E-02 2.8E-03 1.1E-01 120.0 33.0 930.0 0.55
Mean - 10 KysgKxgss 3.3E-02 2.8E-03 6.4E-02 120.0 33.0 930.0 0.54 0.00003 0.54
Mean + 10 v, 3.3E-02 2.8E-03 8 5E-02 124.0 33.0 930.0 0.59
Mean - 10 v, 3.3E-02 2.8E-03 8 5E-02 116.0 33.0 930.0 0.51 0.00160 34.41
Mean + 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 35.0 930.0 0.55
Mean - 10 ¢ 3.3E-02 2.8E-03 8 5E-02 120.0 31.0 930.0 0.55 0.00000 0.00
Mean + 1o Tw 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 933.3 0.59
Mean - 1o TW 3.3E-02 2.8E-03 8 5E-02 120.0 33.0 926.7 0.53 0.00090 19 35
Total 0.00465 100 00
e 100
E(FS) = 0.55
90 o(FS) = 0.07
b 80 V(FS) = 12.4%
E(InFS) = -0.61
70 o(In FS) = 0.12
P60 % FS limit = 1.00
™ ' In FS limit = 0.00
L P50 &
hal )
b 40 T
L 30 Bln = -4.9
Pr(u) = 99.99995%
b 20 R= 0.00005%
P 10
0
1.0 15
FS
Pr(u) R e=f{(FS)  e=p((FS) — e——rSimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index

f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
51+00 929
Taylor's Series Results
Random Variables FS(pro ressive erosion) % of Variance
Case Kxw, relief well  Kyg, D/S blanket Ky Vean UNit weight (pcf) BtD/S.v D/S blanket Kxy, rock toe TW, ta|l| water (Un dgr Seepage) Variance (FS) (FS)
Kx (ft/s) (ft/s) thickness (ft) Kx (ft/s) elevation (ft)
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 888.0 7.86
Mean + 10 KXy, 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 888.0 7.86
Mean - 10 Kx,, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 888.0 7.86 0.00000 0.00
Mean + 10 Kys 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 888.0 8.17
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 888.0 4.25 3.84160 38.44
Mean + 10 ye, 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 888.0 8.41
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 888.0 7.32 0.29703 2.97
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 888.0 7.86
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 888.0 3.02 5.85640 58 59
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 888.0 7.86
Mean - 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 888.0 7.86 0.00000 0.00
Mean + 10 Tw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 888.7 7.86
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 887.3 7.86 0.00000 0.00
Total 9.99503 100 00
0.16 « r 100
0.14 4 [ 90
L 30 E(FS) = 7.86
0.12 < o(FS) = 3.16
70 V(FS) = 40.2%
0.10 4 L 60 © E(InFS) = 1.99
& o o(InFS) = 0.39
L 0084 50 & FS limit = 1.00
006 b 40 T In FS limit = 0.00
P 30
004 4
b 20 Bin= 5.1
002 L 10 Pr(u) = 0.00001%
R= 99.99999%
000 7 ¢ T T T J v v 0
00 20 40 60 80 100 120 140 16.0 180 20.0 22.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
51+00 936
Taylor's Series Results
Random Variables S ) i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 894.0 6.24
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 894.0 6.24
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 894.0 6.24 0.00000 0.00
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 894.0 6.63
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 894.0 3.54 2.38703 43.63
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 894.0 6.68
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 894.0 5.81 0.18923 3.46
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 894.0 6.24
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 894.0 3.00 2.62440 47 97
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 894.0 6.24
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 894.0 6.24 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 894.7 6.63
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 893.3 5.59 0.27040 4.94
Total 5.47105 100 00
025+ r 100
P 90
020 4 b 30 E(FS) = 6.24
o(FS) = 2.34
70 V(FS) = 37.5%
0.15 < 60 E(In FS) = 1.77
o 5 o(in FS) = 0.36
L 50 & FS limit = 1.00
0.10 4 b 40 T In FS limit = 0.00
P 30
005 + b 20 Bin= 4.9
Lo Pr(u) = 0.00006%
R= 99.99994%
000 i B e B R ST T 0
0.0 2.0 4.0 6.0 8.0 10.0 140 16.0 18.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

51+00

949

Probability of Unsatisfactory Performance Due To Under Seepage

Taylor's Series Results

Random Variables

Fs(progressive erosion)

% of Variance

Case KX, relief well  Kyg, D/S blanket Ky N Btps, D/S blanket Kxq, rock toe TW, tail water Variance (FS)
, unit weight (pc > ; FS
Kx (ft/s) (ft's) Ve oht (pef) thickness (ft) Kx (ft/s) elevation (ft) (Under Seepage) (FS)
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 896.0 7.08
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 896.0 7.08
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 896.0 6.63 0.05063 0.50
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 896.0 7.08
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 896.0 2.36 5.56960 54.74
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 896.0 7.57
Mean - 10y, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 896.0 6.59 0.24010 2.36
Mean + 10 Btys 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 896.0 7.08
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 896.0 2.95 4.26423 4191
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 896.0 7.08
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 896.0 7.08 0.00000 0.00
Mean + 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 897.3 7.08
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 894.7 6.63 0.05063 0.50
Total 10.17518 100 00
0.18 « r 100
0.16 4 P 90
| L 50 E(FS) = 7.08
0.14 o(FS) = 3.19
0.12 4 70 V(FS) = 45.1%
60 E(In FS) = 1.86
& 0104 50 - o(In FS) = 0.43
? N & e
= 0084 2 FS I!m!t 1.00
b 40 T In FS limit = 0.00
006 L 30
0044 L 20 Bin = 4.3
0024 Lo Pr(u) = 0.00072%
R= 99.99928%
000 g r 0
00 20 40 60 80 100 120 140 16.0 18.0 20.0 22.0
FS
Pr(u) R —f(FS) ——e—F(FS) —e——FSimit  =—E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
51+00 952
Taylor's Series Results
Random Variables S , i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 906.0 58.97
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 906.0 58.97
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 906.0 50.55 17.72410 0.83
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 906.0 63.69
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 906.0 13.27 635.54410 2991
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 906.0 63.07
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 906.0 54.88 16.76903 0.79
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 906.0 58.97
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 906.0 2.99 783.44010 36 87
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 906.0 58.97
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 906.0 58.97 0.00000 0.00
Mean + 1oTw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.0 62.44
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 904.0 10.62 671.32810 3159
Total 2124.80543 100 00
0018 « r 100
0016 4 P 90
i L 30 E(FS) = 58.97
0014 o(FS) = 46.10
0012 70 V(FS) = 78.2%
60 E(InFS) = 3.84
& 00104 o a(InFS) = 0.69
L ooed 50 & FS limit = 1.00
b 40 T In FS limit = 0.00
0 006 L 30
0004 < L 50 Bin = 5.6
0002 Lo Pr(u) = 0.00000%
R= 100.00000%
0 000 T 0
0.0 50.0 100.0 150.0 200.0 250.0 300.0
FS
Pr(u) R =——f(FS) ==——=F(FS) ===FSlimit =———FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state
Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
51+00 962
Taylor's Series Results
Random Variables S ) i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (ft/s) s thickness (ft) Kx (fts) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.5 36.60
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.5 36.60
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 908.5 31.22 7.23610 1.15
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 908.5 44.23
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 908.5 7.58 335.80563 53.14
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 908.5 39.15
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 908.5 34.06 6.47702 1.02
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 908.5 36.60
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 908.5 3.12 280.22760 44 34
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 908.5 36.60
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 908.5 35.38 0.37210 0.06
Mean + 1oTw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 911.3 39.32
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 905.7 36.60 1.84960 0.29
Total 631.96805 100 00
0030 9 r 100
P 90
0025 1 L 50 E(FS) = 36.60
o(FS) = 25.14
0020 70 V(FS) = 68.7%
60 E(In FS) = 3.41
o 5 o(in FS) = 0.62
L 00154 50 & FS limit = 1.00
b 40 T In FS limit = 0.00
0010 4 L 30
k20 Bin= 55
0005 1 10 Pr(u) = 0.00000%
R= 100.00000%
0 000 0
150.0
FS
Pr(u) R —f(FS) ==——F(FS) ==—FSlimit ==———E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state
Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station

Pool Elevation (ft)

51+00 964

Probability of Unsatisfactory Performance Due To Under Seepage

Taylor's Series Results

Random Variables

Fs(progressive erosion)

% of Variance

Case KX, relief well  Kyg, D/S blanket Ky N Btps, D/S blanket Kxq, rock toe TW, tail water Variance (FS)
, unit weight (pc > ; FS
Kx (ft/s) (ft/s) Vet ot (pef) thickness (ft) Kx (ft/s) elevation (ft) (Under Seepage) S
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.5 34.24
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 908.5 34.24
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 908.5 30.77 3.01023 0.51
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 908.5 44.23
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 908.5 7.32 340.58703 57.43
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 908.5 36.62
Mean - 10y, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 908.5 31.87 5.64062 0.95
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 908.5 34.24
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 908.5 3.12 242.11360 40 83
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 908.5 34.24
Mean - 16 Kx, 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 908.5 3317 0.28623 0.05
Mean + 10 TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 911.3 36.60
Mean - 1o Tw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 905.7 34.24 1.39240 0.23
Total 593.03010 100 00
0030 r 100
k 90
00259 L 50 E(FS) = 34.24
o(FS) = 24.35
00204 70 V(FS) = 71.1%
60 E(In FS) = 3.33
o 5 o(in FS) = 0.64
L 00154 50 & FS limit = 1.00
b 40 T In FS limit = 0.00
0010 4 L 30
k20 Bin= 5.2
0005 1 10 Pr(u) = 0.00001%
R= 99.99999%
0 000 0
0.0 50.0 100.0 150.0
FS
Pr(u) R  ===={(FS) ====F(FS) ==FSlimit ==———FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
51+00 982
Taylor's Series Results
Random Variables S , i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 930.0 37.91
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 6.0 1.6E-01 930.0 37.91
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 6.0 1.6E-01 930.0 35.38 1.60022 0.21
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 6.0 1.6E-01 930.0 50.55
Mean - 10 Kyg 3.3E-03 7.0E-06 120.0 6.0 1.6E-01 930.0 8.17 449.01610 57 57
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 6.0 1.6E-01 930.0 40.54
Mean - 10 v, 3.3E-03 1.7E-04 116.0 6.0 1.6E-01 930.0 32.58 15.84040 2.03
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 7.5 1.6E-01 930.0 37.91
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 4.5 1.6E-01 930.0 2.99 304.85160 3909
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 6.0 3.0E-01 930.0 37.91
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 6.0 1.6E-02 930.0 37.91 0.00000 0.00
Mean + 1oTw 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 933.3 42.46
Mean - 1o TW 3.3E-03 1.7E-04 120.0 6.0 1.6E-01 926.7 36.60 8.58490 1.10
Total 779.89323 100 00
0030 r 100
P 90
0025 1 L 50 E(FS) = 37.01
o(FS) = 27.93
0020 70 V(FS) = 73.7%
60 E(In FS) = 3.42
o 0015 4 = 5 o(in FS) = 0.66
= [ FS limit = 1.00
b 40 T In FS limit = 0.00
0010 4 L 30
k20 Bin= 5.2
0005 1 10 Pr(u) = 0.00001%
R= 99.99999%
0000 g=Emnnnnnnstann pREmEmmmmzmsmgmssmEEEE . 0
0.0 500 100.0 150.0 200.0
FS
Pr(u) R =——f(FS) ==——=F(FS) ===FSlimit =———FE(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state
Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
57+00 929
Taylor's Series Results
Random Variables S ) i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (ft/s) s thickness (ft) Kx (fts) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 888.0 6.24
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 11.0 1.6E-01 888.0 6.24
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 11.0 1.6E-01 888.0 6.24 0.00000 0.00
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 11.0 1.6E-01 888.0 6.63
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 11.0 1.6E-01 888.0 2.99 3.31240 5155
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 11.0 1.6E-01 888.0 6.68
Mean - 10 v, 3.3E-03 1.7E-04 116.0 11.0 1.6E-01 888.0 5.81 0.18923 2.94
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 14.0 1.6E-01 888.0 6.24
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 8.0 1.6E-01 888.0 2.82 2.92410 45 51
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 11.0 3.0E-01 888.0 6.24
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 11.0 1.6E-02 888.0 6.24 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 888.7 6.24
Mean - 1o TW 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 887.3 6.24 0.00000 0.00
Total 6.42573 100 00
020 «
0.18 4
0.16 E(FS) = 6.24
o(FS) = 2.53
0.14 4 V(FS) = 40.6%
0.12 < < E(In FS) = 1.75
o 5 o(in FS) = 0.39
L 0104 o FS limit = 1.00
008 g In FS limit = 0.00
006 «
0044 Bin = 4.5
Pr(u) = 0.00036%
002 R= 99.99964%
000 v
00 20 40 60 80 100 140 160 18.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
57+00 936
Taylor's Series Results
Random Variables S ) i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 894.0 5.05
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 11.0 1.6E-01 894.0 5.05
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 11.0 1.6E-01 894.0 5.05 0.00000 0.00
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 11.0 1.6E-01 894.0 7.58
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 11.0 1.6E-01 894.0 1.52 9.18090 86 93
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 11.0 1.6E-01 894.0 5.41
Mean - 10 v, 3.3E-03 1.7E-04 116.0 11.0 1.6E-01 894.0 4.70 0.12603 1.19
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 14.0 1.6E-01 894.0 5.05
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 8.0 1.6E-01 894.0 2.81 1.25440 1188
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 11.0 3.0E-01 894.0 5.05
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 11.0 1.6E-02 894.0 5.05 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 894.7 5.05
Mean - 1o TW 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 893.3 5.05 0.00000 0.00
Total 10.56133 100 00
020 « r 100
0.18 4 P 90
0.16 + 80 E(FS) = 5.05
014 0 o(FS) = 3.25
14 4 I V(FS) = 64.4%
0.12 < 60 E(In FS) = 1.45
o 5 o(in FS) = 0.59
L 0104 50 & FS limit = 1.00
008 b 40 T In FS limit = 0.00
006 « P 30
004 + b 20 Bin= 25
Pr(u) = 0.70115%
002 10 R= 99.29885%
000 + e e e s et Tl i 0
0.0 8.0 10.0 140 16.0 180 20.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
57+00 949
Taylor's Series Results
Random Variables s ) ) % of Variance
Case KX, relief well  Kyg, D/S blanket Ky unit weight (pcf) Btps, D/S blanket Kx,, rock toe TW, tail water (Uﬁéjoe?rresssgzer:“:sn)) Variance (FS) FS)
Kx (fts) (f/s) Voat IR thickness (f) Kx (fts) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 896.0 4.08
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 11.0 1.6E-01 896.0 4.08
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 11.0 1.6E-01 896.0 4.08 0.00000 0.00
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 11.0 1.6E-01 896.0 6.63
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 11.0 1.6E-01 896.0 1.29 7.12890 92 52
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 11.0 1.6E-01 896.0 4.37
Mean - 10 v, 3.3E-03 1.7E-04 116.0 11.0 1.6E-01 896.0 3.80 0.08123 1.05
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 14.0 1.6E-01 896.0 4.08
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 8.0 1.6E-01 896.0 2.78 0.42250 5.48
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 11.0 3.0E-01 896.0 4.08
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 11.0 1.6E-02 896.0 4.08 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 897.3 4.62
Mean - 1o TW 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 894.7 4.08 0.07290 0.95
Total 7.70553 100 00
025+ r 100
P 90
020 b 30 E(FS) = 4.08
o(FS) = 2.78
V(FS) = 68.0%
0.15 < < E(In FS) = 1.22
o 5 o(in FS) = 0.62
= [ FS limit = 1.00
0.10 4 g In FS limit = 0.00
005 + Bin= 2.0
Pr(u) = 2.43419%
R= 97.56581%
000
0.0 2.0 4.0 6.0 8.0 100 12.0 14.0 16.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
57+00 952
Taylor's Series Results
Random Variables s ) ) % of Variance
Case KX, relief well  Kyg, D/S blanket Ky unit weight (pcf) Btps, D/S blanket Kx,, rock toe TW, tail water (Uﬁéjoe?rresssgzer:“:sn)) Variance (FS) FS)
Kx (fts) (f/s) Voat IR thickness (f) Kx (fts) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 906.0 6.27
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 11.0 1.6E-01 906.0 6.27
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 11.0 1.6E-01 906.0 6.27 0.00000 0.00
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 11.0 1.6E-01 906.0 6.27
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 11.0 1.6E-01 906.0 4.25 1.02010 2122
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 11.0 1.6E-01 906.0 6.70
Mean - 10 v, 3.3E-03 1.7E-04 116.0 11.0 1.6E-01 906.0 5.83 0.18923 3.94
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 14.0 1.6E-01 906.0 6.27
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 8.0 1.6E-01 906.0 2.74 3.11523 64 80
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 11.0 3.0E-01 906.0 6.27
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 11.0 1.6E-02 906.0 6.27 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 908.0 7.66
Mean - 1o TW 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 904.0 6.27 0.48303 10 05
Total 4.80758 100 00
025+
020 E(FS) = 6.27
o(FS) = 2.19
V(FS) = 35.0%
0.15 < < E(In FS) = 1.78
o 5 o(in FS) = 0.34
= [ FS limit = 1.00
0.10 4 g In FS limit = 0.00
005 4 Bin= 5.2
Pr(u) = 0.00001%
R= 99.99999%
000 v
0.0 2.0 4.0 6.0 8.0 100 14.0 16.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
57+00 962
Taylor's Series Results
Random Variables S ) i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 908.5 6.89
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 11.0 1.6E-01 908.5 6.89
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 11.0 1.6E-01 908.5 6.24 0.10563 1.64
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 11.0 1.6E-01 908.5 7.34
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 11.0 1.6E-01 908.5 5.30 1.04040 16.19
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 11.0 1.6E-01 908.5 7.37
Mean - 10 v, 3.3E-03 1.7E-04 116.0 11.0 1.6E-01 908.5 6.41 0.23040 3.59
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 14.0 1.6E-01 908.5 6.89
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 8.0 1.6E-01 908.5 2.79 4.20250 65.41
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 11.0 3.0E-01 908.5 6.89
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 11.0 1.6E-02 908.5 6.89 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 911.3 7.58
Mean - 1o TW 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 905.7 5.74 0.84640 13.17
Total 6.42533 100 00
020 « r 100
0.18 4 P 90
0.16 b 30 E(FS) = 6.89
o(FS) = 2.53
0.14 4 70 V(FS) = 36.8%
0.12 < 60 E(In FS) = 1.87
o 5 o(in FS) = 0.36
L 0104 50 & FS limit = 1.00
008 b 40 T In FS limit = 0.00
006 « P 30
004 + b 20 Bin= 5.2
Pr(u) = 0.00001%
002 10 R= 99.99999%
000 e e e e e S 0
0.0 2.0 4.0 6.0 8.0 10.0 140 16.0 18.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
57+00 964
Taylor's Series Results
Random Variables S ) i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 908.5 6.89
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 11.0 1.6E-01 908.5 6.89
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 11.0 1.6E-01 908.5 5.74 0.33063 4.13
Mean + 10 Ky, 3.3E-03 1.0E+00 120.0 11.0 1.6E-01 908.5 7.34
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 11.0 1.6E-01 908.5 4.25 2.38703 29 85
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 11.0 1.6E-01 908.5 7.37
Mean - 10 v, 3.3E-03 1.7E-04 116.0 11.0 1.6E-01 908.5 6.41 0.23040 2.88
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 14.0 1.6E-01 908.5 6.89
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 8.0 1.6E-01 908.5 2.79 4.20250 52 55
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 11.0 3.0E-01 908.5 6.89
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 11.0 1.6E-02 908.5 6.89 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 911.3 7.58
Mean - 1o TW 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 905.7 5.74 0.84640 10 58
Total 7.99695 100 00
0.18 « r 100
0.16 P 90
i L 30 E(FS) = 6.89
0.14 o(FS) = 283
0124 70 V(FS) = 21.0%
60 E(In FS) = 1.85
& 0101 o a(nFS) = 0.39
L osd 50 & FS limit = 1.00
b 40 T In FS limit = 0.00
006 « L 30
0044 L 20 Bin = 4.7
002 Lo Pr(u) = 0.00013%
R= 99.99987%
000 ¥ v T v v T ¥ 0
0.0 2.0 4.0 8.0 10.0 12.0 14.0 180 20.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed




Bolivar Dam Seepage Reliability Analysis - Base Condition

Station Pool Elevation (ft) |Probability of Unsatisfactory Performance Due To Under Seepage
57+00 982
Taylor's Series Results
Random Variables S ) i % of Vari
Case KX, relief well  Kyg, D/S blanket Ky Veae UNt weight (pcf) Btps, D/S blanket KX, rock toe TW, tail water (U:;’g’g'resssg;er:"g Variance (FS) 00 (Fasr)lance
Kx (ft/s) (fts) sab thickness (ft) Kx (ft/s) elevation (ft) pag
Mean (Expected) 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 930.0 7.58
Mean + 10 Kx 6.3E-03 1.7E-04 120.0 11.0 1.6E-01 930.0 7.58
Mean - 10 KX, 3.3E-04 1.7E-04 120.0 11.0 1.6E-01 930.0 7.58 0.00000 0.00
Mean + 10 Ky, 3.3E-03 3.3E-04 120.0 11.0 1.6E-01 930.0 7.58
Mean - 10 Kys 3.3E-03 7.0E-06 120.0 11.0 1.6E-01 930.0 5.59 0.99003 1390
Mean + 10 v.., 3.3E-03 1.7E-04 124.0 11.0 1.6E-01 930.0 8.11
Mean - 10 v, 3.3E-03 1.7E-04 116.0 11.0 1.6E-01 930.0 7.06 0.27563 3.87
Mean + 10 Bty 3.3E-03 1.7E-04 120.0 14.0 1.6E-01 930.0 7.58
Mean - 10Bty s 3.3E-03 1.7E-04 120.0 8.0 1.6E-01 930.0 2.74 5.85640 8223
Mean + 10 Kx, 3.3E-03 1.7E-04 120.0 11.0 3.0E-01 930.0 7.58
Mean - 10 Kx; 3.3E-03 1.7E-04 120.0 11.0 1.6E-02 930.0 7.58 0.00000 0.00
Mean + 1o Tw 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 933.3 7.58
Mean - 1o TW 3.3E-03 1.7E-04 120.0 11.0 1.6E-01 926.7 7.58 0.00000 0.00
Total 7.12205 100 00
020 « r 100
0.18 « =
0.16 k 80 E(FS) = 7.58
014 4 - o(FS) = 2.67
: V(FS) = 35.2%
0.12 60 © E(In FS) = 1.97
@ % o(n FS) = 0.34
L 0101 F50 @ FS limit = 1.00
008 b0 T In FS limit = 0.00
006 4 P 30
004 « P 20 Bin= 5.8
Pr(u) = 0.00000%
002 10 R= 100.00000%
000 7 B e e et Tt 0
0.0 2.0 4.0 6.0 8.0 10.0 140 16.0 180 20.0
FS
Pr(u) R =——f(FS) ====F(FS) ====FSlimit ==——E(FS)

E(X) = expected (mean) value for X; o(X) = standard deviation for X; V(X) = coefficient of variation for X; FS = factor of safety; FS limit = FS limit state

Pr(u) = probability of unsatisfactory performance = probability that FS against progressive erosion is less than 1.0; R = reliability = 1-Pr(u); §, = reliability index
f(FS) is a probability density function (PDF); F(FS) is a cumulative distribution function (CDF); FS assumed lognormally distributed






