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Application of Risk Analysis for Dam Safety Assessment
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Lee, Jong Seok

Abstract

The main purposes of dam safety assessment are to predict risk of an existing dam and to
reduce the identified risks reasonably. This study determined the risks of an existing dam for
each different dam breach scenario using risk analysis. In addition, the application of risk
analysis in the dam safety assessment made possible to compare and evaluate a variety of
alternatives that may reduce risk of an existing dam with respect to the possibility of dam
failure and economic efficiency. On the ground of the risk analysis results, the dam safety
analysts can obtain better understanding and more information regarding the risk of and
existing dam and recommended alternatives. Decision-makers will be able to manage risk of an
existing dam efficiently by spending their affordable money and resources on the alternatives
that are expected to reduce the risk of an existing dam practically.
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EL(1) -EL(D)

e e
R 4
EL() - EL(i+1) ml\u‘lm Elevation —~ Qout LNO Failure

L . —<

Overtopping Breach Q

Toe Erosion —~ Nao Breach 4

Breach q

Wave Action No Breach Q

Breach

EL(i+1) - EL(i+2)

i

EL(n-1) - EL(n) o
Legend
(0 E=xpanded Chance Node
® Collapsed Chance Mode
<] Consequences Node
> EL(n)

a8 2. Event tree model for flood
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PG(1) - PG

@

®
PG() - PG(i+1) {_\No Liquefactionw/_\ No Breach J\,
L Foundation 0 Liquefaction A No Failure Q

ﬂ Liguefaction
Stability Failure —~ No Breach <|
Breach

<]

é Liquefaction ~ Liguefaction -~ No Failure Q
of Shell =

Stability Faiture —~ No Breach
<]
Breach
PG(i+1) - PG(i+2) <
=
@
PG(n-1) - PG(n)
®
Legend
(O Expanded Chance Node
® Collapsed Chance Node
<] Conseguences Node
> PG(n)
@

a3 3. Event tree model for earthquake
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Piping

O Reservoir Elevation Ny No Fail
<=12074 ft
Fail
Reservair Flevation Y No Fail
12074 £-1235
Fail
Reservoir Elevation ') Mo Fail
>1235 8
Fail
Slape Stability . Reservoir Elevation ~ No Fail
Nt
<=12074
Fail
Reservoir Elevation I Mo Fail
> 12074 fi
Fail

3 4. Event tree model for normal reservoir operation
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Stage(ft) -~ AEP

SRP

 Probabiity of failure

Probability of breach

(1116) - 5.00E-01 0375 000 10
(1134) - 2.00E-01 ‘Ove(r;fgp‘ji“gR‘;epth) (100) - 0.25 10
(1145) - 1.00E-01 (200) - 1.00 10
(1155) - 500E-02
(1169) - 2.00E-02 Toe erosion when 0.1 001
(1182) - 1.00E-02 Qout > 50000 cfs
(1196) - 500E-03
(1210) - 200B-08 | ave action when 10 0,01
(1219) - 1.00E-03 water surface
elevation
Flood (1228) - 5.00E-04 12596 ~ 1265 ft
(1237) - 2.00E-04
(1243) - 1.00E-04
(1249) - 500E-05
(12545) - 2.00E~05
(1259) - 1.00E-05
(1262) - 500E-06
(1266) ~ 2.00E-06
(12685) - 1.00E-06
(1274) - 100E-07
(1281.3) - 1.00E~09
(PGA) - AEP SRP Probability of stability failure P“’zf_:;lci;y of
(600E-02) - 2.11E-03 (009 - 002 0.1 05
(T00E-02) - 143E-03 (015) - 018
(800E-02) - 1.03E-03 (PG};)Q ;efz 252?““ (020) - 058
(900E-02) - 7.55E-04 (025) - 086
Earthquake | (LOE-01) - 5.88E-04 (050) - 1.00
(L10E-01) - 476E-04
(L20E-01) - 4.04E-04 (0.09) - 0.0002 01
(200E-01) - 141E-04 (PGA) - (0.15) - 0.0018
(250E-01) - 6.63E-05 Embankment  {(0.20) - 0.0058
liquefaction 0.25) - 00086
(050) - 00173
Failure mode Loading condition Systern response probability Probability of failure
Stage (ft) - Annual Probability SRP Probability of breach
(<1207.4) - 0,998 410E-7 10
(1207.4 ~ 1235) - 00018 Piping 6.38E-7 10
Oﬁm”gfn (>1235) - 0.0002 6.38E-7 10
(<12074) - 099 Slope stability | 1-80E-6 10
(>12074) - 0.002 failure 420E-6 10
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Probability of dam failure
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(Federal Emergency

Management Agency)ollA 7IdHet kil g4

dAEE SRRy F&) (& F8 34 (5 23
d&3l7] 98, & 1371
st mdal edS2 95 1

)= o] g3kt
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Code: Inmat:mg Breach mn k WSE @ breach
event code B
Sunny day 1125 ft - earthquake failure
Failure (S) ESFA Failure (F) No Flood (a, Normal operating target
elevation)
. . 12074 ft - internal failure
ESFB Failure (F) No Flood (b, Historical height)
ESFC Failure (F) No Flood 1235 ft - internal failure
(c, Spillway crest)
Threshold Threshold flood
Flood (TF) ETFN No Failure (N) (USACE definition: ﬂood' which N/A
peaks at dam crest minus
Existing(E) freeboard)
. . 12596 ft
ETFF Failure (F) Threshold flood (Max. design surcharge WSE)
PMP Flood N/A
(PF) EPFN No Failure (N) (with st I:ilr\:[F\SSOEOd: 1195 0 (Max. WSE during reservoir
With starting routing = 126767 fu
. PMF Flood Dam crest + 1 ft = 1266 ft
EPFF Failure () | i starting WSE = 1195 f0 (Rising limb failure)
SPF + PMF . SPF + PMF
EPSN | No Failure (N) | iy starting WSE = 1180 fox) N/A
. SPF + PMF Dam crest + 1 ft = 1266 ft
EPSE Failure (F) | itk starting WSE = 1180 fux) (Rising limb_failure)
SPF + PMF B . SPF + PMF
FR2B FR2B-PSN | No Failure (N) (with starting WSE = 1180 ft+) N/A
- be . SPF + PMF
FR3C FR3C-PSN | No Failure (N) (with starting WSE = 1180 ft+) N/A
R SPF + PMF
FR9 FR9-PSN | No Failure (N) (with starting WSE = 1180 ft+) N/A
. SPF + PMF Dam crest + 1 ft = 1275 ft
FR12 FRIZZPSE | Failure (F) | i) qarting WSE - 1180 ft+) (Rising limb failure)
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- B 3mmemial , - Manufacturing |
: ure Structure (%)] Contents (%) | Structure (%) | Contents (%)
0.3 11% 17% 11% 8% 26% 15%
0.8 13% 23% 13% 10% 43% 27%
1.3 17% 25% 17% 14% 52% 38%
1.8 20% 32% 20% 18% 62% 49%
2.3 23% 33% 23% 20% 67% 57%
2.8 27% 35% 27% 23% 73% 64%
3.3 28% 36% 28% 32% 5% 67%
3.8 29% 37% 29% 35% 78% 70%
43 29% 39% 29% 38% 79% 73%
48 30% 41% 30% 40% 79% 6%
53 35% 43% 3% 43% 80% 77%
538 41% 45% 41% 45% 80% 78%
6.3 42% 47% 42% 48% 81% 78%
6.8 43% 50% 43% 50% 82% 79%
7.3 43% 52% 43% 52% 84% 80%
7.8 44% 55% 44% 55% 85% 81%
8.3 44% 57% 44% 57% 889 829
8.8 45% 60% 45% 60% 90% 83%
9.3 46% 60% 46% 60% 92% 83%
9.8 46% 60% 46% 60% 95% 83%
10.3 17% 60% 47% 60% 98% 83%
10.8 47% 60% 47% 60% 100% 83%
11.3 48% 60% 48% 6096 100% 83%
11.8 48% 60% 48% 60% 100% 83%
12.3 48% 60% 48% 60% 100% 83%

AgAde] g d&2 DeKay$t McClelland  419) event tree2@-S Ea) AR Alamo We| H3)

(1993)9] 917 BeLe o]83jol o|olsir AL v T Alamo WOR UT AAH Hslet
&gl tigh Al o o] AtE gl
LOL= PAR

T 14 13.277C PAR ™) exp (0.759( WT) — 3.790( Force) + 2.223( WI)( Force))

Risk of an existing dam = Probability of dam
o714, LOL = Loss of life, PAR = Persons at failure X Expected economic damage

risk, (or human life loss)
WT = Warning time, Force = Flooding ) ) .
forcefulness, B A7olMe Alamo 9ol HEAdel g = <l

= 197119 dibes AR, olEel dist At
137149 Auelecl tigk | akaiold didEls S Al EA eldElE A AE) E 40 208
AR dlsliob gEgel Wig ojFat 27 2~40]  of Uk
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E g o g /A 0.0
FR1 | A 173 ft =% 13.92
FR2a | 4= 2 220 ft Wz e 135 ft &9 21.35
FR3a | 922 10 ft @35 Ae 154 ft £ 14.07
FR3b | o428 20 ft 951, AL 136 ft =Y 13.88
FR3c | 4428 30 ft 255, A4S 119 fi 59 139
o) E A=z Pot=0-1 1}
FR6 ;/;] 71_101_ ;‘_}1:3 (fuge gate), JFEE 10 ft W53, A 1832
_Cé_ﬁ_ 4+ 155 ft = 1:1
FR8a | Zazlez | A 3559 (downstream face) 723t 31.22
o FR8b | RCCE ¥ AIY %4 (downstream face) 73} 18.64
o4y ES 220 R WElm 10 ft B3, o
FR9 AS 105 ft B 2138
FR12 | A< 9 ft ¥, FR10% FR15 £ 9.03
FR14 | A4k 5 ft %< (parapet wall), FR15 ¥3§ 2.61
dElRE A2 | FRI10 | 484, soil cement, RCCE 375 B& 1.59
% FRI15 | Z3o i3t A a8 A A=) 1.47
EE 342 AT 5 ft ¥o]2] parapet wall 3 crest and toe protection
ol By 90158 > . 3.
= T’;;LE FRIS | (FR10s FR148l 2% 380
PAESR-AT] - E=F 47,
s Az Al ER1 | &85 (up~/downstream) berm “dX 7.86
ml‘;: Sgz A% | ERZ | &M% (downstream) berm 43 14.81
Eche A By
Fa 2= ER3 | Soil mixing of foundation material/chemmical grouting 40.09
2 A7 mE g 23 FER1 | ER13} FR99 2% 4852
W 83 | WSS X9 | pppo | BR29 PR3O A% 25.12
O 2~49] event tree EEE o[4¢ Alamo W o dam no failure)

o] HEA d&& & Alamo 9 “gElol] thajr] B of
ek E 40l 2709 19712 kgl tisiiz o F
oFck 53|, Z diokEel ulst FAK S0
BHrlel HRE H3) 94 HE=E 889 FEX (In-
cremental risk cost), TSNS A F3A] G
£ 99 (Benefit), & Y|4 (Total economic cost),
el u]g-e] H1 (Benefit/Cost ratio) o] th&%
2ol A=A

Incremental risk cost ($/year) = (Probability
of dam failure X Risk cost of dam failure)

- (Probability of dam no failure X Risk cost

Benefit ($/year) = Incremental risk cost for
an existing dam - Incremental risk cost for an
alternative

Total cost ($/year) = Annualized cost for an
alternative + Incremental risk cost for an
alternative Benefit/Cost ratio = Benefit + Total
cost

4. YEE SA7IHe ®E Anel A=

08 2~49] event tree Z23 z} A= AF
H ARHEY 2 7S ol8dl 43" Alamo
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! ——Patial flood fixes

5.00E—06 [FR16
—#— Complete flood fixes
| R0 —+—EQ &lIntemnal fixes
#:506-06 —— Combined fixes
ER3 R
4.00E-06
i s 350E-06 -
3
2 3.00E-06 —FRtk
=
| © 2.50E-08
-]
S ER1
® 2.00E-06 LU
o
[
& 1.50E-06 — o
1.00E-06 |— e o e — — —
|
5.00E-07
| R FER1
! 0.00E+00
! 0 10 20 30 40 50

Rehabiltation cost (§M)

60

a8 5. W 23 MR olatzblel B

L= An

IH# 5. Alamo

2,946

A 2 E 467
FRI0 | 159 467 2,945.7 102413 105359 | 03 2.85E-06

FRI5 | 147 465 2,932 94,684 97616 | 14 1.43E-04

Dy g FR14 | 261 3.22 2,339 168,113 | 170421 | 607 3.56E-03
el ¥A FRI6 | 380 3.22 2,336 244761 | 247,097 | 610 2.47E-03
FRI2Z | 903 2.90 2,212 581631 | 583843 | 734 1.26E-03

FR1 | 1392 2.78 2,166 896,600 | 898766 | 780 8.68E-04

FR8a | 31.22 2.78 2165 | 2010909 | 2,013074| 781 3.83E-04

FR8b | 1864 2.78 2,165 | 1,200620 | 1,202,785| 781 6.49E-04

FR2a | 21.35 278 2166 | 1375173 | 1,377,339 | 780 5.66E-04

P FR3a | 14.07 278 2,166 906262 | 908428 | 780 8.59E-04
S YA FR3b | 1388 2.78 2,166 894,024 | 896,190 | 780 8.70E-04
FR3c | 13.96 278 2,164 899,176 | 901,340 | 782 8.68E-04

FR6 | 1832 2.78 2166 | 1,180,008 | 1,182,174 | 780 6.60E-04

FR9 | 2138 2.78 2166 | 1,377,100 | 1379271| 780 5.66E-04

ER1 | 4786 1.94 824 3082707 | 3083531 2,122 6.88E-04

%gﬁiﬁj;] ER2 | 1481 1.94 825 953926 | 954751 | 2121 2.22E-03
ER3 | 4009 406 2714 | 2582234 | 2584948 | 232 8.98E-05

34 A7 ye| FERL | 4852 | 0.0604 44 3,126,216 | 3126260 | 2,902 9.28E-04
B A B | FER2 | 2512 | 0.0624 46 1,618,190 | 1,618236 | 2,900 1.79E-03
B35/ 65 20024 12H 661



3.5E-03

3.0E-03

2.5E-03

Benefit/Cost ratic
N

—e— Partial flood fixes
~—m--Complete flood fixes
—a—EQ & Internal fixes
—»— Combined fixes

1.5

2.0 2.5
Total economic cost (§M/year)

a7 6. ol2dl v|Z v[2x} Azt FH|[Z2 2

o] By FFL 467X10 Y year 0t} o] & &
2 Qlgt Al

amo #e] ¥ & 189X10" year
olm, AFLALE <3 B3] BEL 611X10 /year
ol A= o LG NAE 217x10 *yearc]
At E3| od2FE Alamo @] By #FEL US.
Bureau of ReclamationllA] @7&h= & kA 75
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He) B Q3 3Rl o= e At
$296401%0c). Alamo ® BH=E QI slFFelAlY
QA =4e AT AF A Ho| Alamo HoEHE 35
mile ol 9128 . 2 FH)EHe U AR AlnE
o2 Qs oj$ s Aoz &k

B 40A 2E 197119 digks FlA+= FERL
o] 7l & o B3 & (0.0604 X10-6/year)-2 7}
AE Aow FelHEen st we W 2a &8
(4.67X10-6/vear)& 7FA= gk FR10°ITE &
H|g-o] 7P ok FR15 ($97,616/year) o3,
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S5olMe & B AEAd e BAE RolFn
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e
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o

)
+
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FER1 ($2,902/year)o|l
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£ oin] F=2jo] 7 & ek FR14 (356E-03)0]
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