Journal of Water and Soil
Vol. 29, No. 3, Jul.-Agu. 2015, p. 517-527

s e b
LA GiAy

(5591 Zoluo 9 pole) S 9 O & 2
BIV-BYY .o AFAF yo1 sl — S13 yo ¥ 0,leis ¥4 al>

osliinl b O g,b o (5,08 5, Sy alis)l 9 Condad pe Joeu

S P9 A Sy )

.:H'JJY: Aowe —ng,o:b el —\JLGL» é‘g oo JL@?

VWA /YD 1l 5 b

WA/ AN by b

LXVCES

L CnSs oY o yedas ()3 59y 45 39d g0 5 0y g (B3 Gy Hlalyd (65355 (BB g (g Cundd LYD& (SB s

ool J G5 St (b 53 Eaipis 5 Sty 3T 1 A2l o e ity 5 ol pis 36 o ok (5 (o aBlon
SV (63959 (3 5 bl o S (65355, Sy 3590y g Cunhad pae U ol ola b, @) Bados ol > ol Bam cal Hloyg8 0 ol
2 oo Ol maw gl)] o 5YL Cunbd pae .ol o0 odlitul Calisee ((lacuiS b 0)gd b (sd> Juw S, cadn 3JUT o fyg5le o 350 4
Ol 3 (6)35 9y Sny 9 Capabad e BT 5 dpslons o 3 18,30 (b e Jole Sl 1 oy g e (b Sl o3kl b Jow i ()
Cpabad pae 4 S Jad o i @l 5,5 o &yao (LHS) 5Y mye (gl (Y (MCS) ol )5 cige (il dud (V tslabe, b 5l aalllas

IS cige oy Sl s oY @y gy )3 00 dslne (5)385) Sy ()b 035 Y aiye ) Sl i IS Cige gy > O i)
Sl Piyige ygyle S (6)38g) Sy Slpusi )3 S 3h 093 ial8l & Cond (63959 (23 a8l (i en A0l o

pie 1S Cood dduon i 3,8es 9 (Slb oS bl )
bwly ol )3 239 anlsd ()95 9 p3Y Lacgalad pae (8,5
3 et ol 5] ey sl Wodasy> (63579 Sy dpmilono
LSl o 005 (gl 039 Cuonl
el 485 g0 (£)359) Sa) o) > (Alie Cldlllae
S5 Sl slaghey L1y 65355y Sy silodss (V) Sz
5 9> OloemJol 450 (o) )5 Cige (gilvdind (b9 cuaiitine
2 Slpm 536 20 g 0l bl g Glaw gl 4dye aib ey g,
5 9915 205 o)Ll (6505 gy Sy I3l 53 (5 4 (9395
P oy 4 (Slgpen slaojls lisabl 3UT )3 (V) o San
SS9 HlS Coge silwand gy b daly SIS )am Cuslad
J=l5 (i e gy 4w (B) (ige 5 01995 B by,
e ) s, 5 ke oS Wlos S &yl (6,05 S
Csge 09y St Sl o8 @iy gy S odlatel «Su el
gl ol s e (sl L0558 (ildigad Sl oalitl 5 oS
A gy sk oy gy (V) (e 5 99l 5%
Ay s ) S Cge il d ) e sl

d S ¢ g3l A ¢ S1E ds (uiSj 090 1 g0IS” (g2 14

.

Ao

5 Lagludl (5355 58 o 3l el s il olbojl sl
5 S wdow (63w (eul 3 4510 0 0L Il cllus
P& o3 ol Gl (Blad g ces bl 4Bl 392 G35
A ool 4 dn g g s 1 sy w8 o (S5 )] cawd oyl
() 28liee caglyl

(e g aub elge bl pae Al g dw Cunsld
b 3l SO s sl 1 il o cale 5 (Sl oMU
o )l (St (6555 S @ o (ol (08 (25l g 0395
9 O3 Gy pale b (6)859) (BB g 2 Cls YD 4 (SB
=Y )y odes (65359 5 (o Conndd &5 398 (o0 05T 08
o gas 45 1230 &) Gloj (65359 (1) Ll o S
Gl pas 5l (Ul pSee ol il Y s AJ B (5
A8l W g3 g oy sk 5l Jow 0 )8 SLoj

Sl g ol (sloojlo iyl (ol IS asb gal il bl Coiyg 4 =Y g Y

(Email: m.delavar@modares.ac.ir 2 gtne 0N 5 — )



\Y"\f))-.’.)@r‘f‘—éb}osfe)w‘f‘\..\.1?0“519’3914{)“ O\A

Copalad pie 2yl 5 dw (£)359) Sy dploe gl 05Y @2y
2 &y Jyb > ol e gL oy i e wlxo (pizren
SLagbsy 2L b)) jolate 4y 008 ealizl caliseo (sl Jow
b ol (0y50 adllas lgie 4 ygsle du s e DL

s ol 45 A3b o dlis () 55 IS g, i LtV JS3
g s L R e
Jslse J&> wlgs (s g ool (s pglen (¥ do (6)359) 5 Juw
aolre (F ] bl pae 5IUT 5 5 g, (7 lad 8
Sy Jolos (O Jow 6,355, U

W yg; 9 3190
Seasy 50T

P 1 (B i S ) Clibge pie gt a4 S
S 5l il e (R) Canglio 5 (L) b sl ite (slacoalad
bl o ) S5 4 (w0l O ygar Sy s

Sy oo Slp 08Y @ Silodend (B9 9 p9> (LSl
polie @ sl yog,y 40yS Ly g 400 )S eolatwl (5,35,
9 83055 S e ol (ilwand (sla by 4 Cumd (g yidn
S 5T a0k s a3 (6)355) Sy oy 4 (V) Ol
9 LS Coge slagby) Ly Jow CudSl 0)93 0pike 93 9 0jeate
St 3 Sl adgl o 63,5 ol g By 05V @y
(A) srgaie sl 035 dus (§359) Syl 13 IS 30 il
Oo8Y @y 9 S Cige slagby) b e (65359) Sany oy &
U e O agl pdaw 45 3905 by a3 g Canl a3y
dole Cniten 5 ALl SOy )35y Sy (e > Sl
bl oo d ()50 4 (6399 (2

i)l aceej o=l > Cldllas 038 il a4y Ly
9 Seidlgrian Jslos Llod Ly dw (65355 Sy Silatianas
sl L85 )15 42 g53y90 yieS 9o (Sg)in

duwlie g Has wlid (hey S ]yl adlis ol Bun
oo (6,38 9y Sem) b)) > Clad pac LT Gilisea (sl yb,
5 9 Coge (giludnd slasly) yokaie by Mllioe Jow dliws:

Initial water level, Hy \

1 Investigation of effective

N

Flood with different return periods, Qr
Spillway coefficients, a, b

factors on dam overtopping Water rise height due to wind, h,, 2 i Data.
HO.T adsl goc Collection
> Pl L osls 55T
S0 535 9) Sy p pige Jelse )z QT alixo (slo =it 33 093 b oMo &=

a, b s pun ol yb
hy b 318 BT STV glis)l

\4

Uncertainty analysis of the reservoir routing
model

3 Run the reservoir routing model

wiFe ulpa FLe) Jae shyal

Determining the probability
density function of uncertain
factors

b8 pi2 Jolse Jloial S @bs yuss

Calculate the overtopping function
6238 9) @b amwl=e

L » B;

“= TR, Qnanny

Dam overtopping risk evaluation

S (535 9 Sy (LI

B =PEZ<0] =1—(B)

M (635 9y Sy (25! Sled Xy - U
Figure 1- Flowchart of Dam Overtopping Risk Evaluation
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Figure 2- Estimation of dam overtopping risk (3)
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Table 1 — Mean and standard deviation of inflow in
various return periods

Flood Y
b)gb
Gl el e
(Jw) Standard Mean
Return Deviation (m’/s)
Period
(Year)
2 4 54
50 17 129
100 21 147
1000 38 210
2000 43 228
5000 49 252
10000 60 283
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Table 2 — Statistical characteristics of uncertainty factors

Curlad pac Jolge ) RSTY Se 51 Byl &9 &Y syl
Uncertainty . Standard . oy
Factors Unit Mean Deviation Distribution Type Description
d DFL¥Y- glis)
Initial Water Level Normal rom 51%4 0
0)93 & bgspo s
(Qr) s T sl s _ Jby S Vg
Flood with T return Log Normal Table 1
period
Jly
a - 0.215 0.00038 Normal
b - 101.2 Jbs
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Figure 3 — Overtopping risk for 504 meter initial water level of the reservoir
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Table 3 —Uncertainty of water elevation in Maroon dam

() o33 sl s ey, oy
Initial Reservoir Level (m)

(MCS) jLro 81 il (LHS) ,Lro Gl
T(year) Standard deviation (MCS) Standard Deviation (LHS)

HO(m)
470 2 16.48 16.06
50 16.87 16.29

100 17.22 16.24

1000 17.74 16.64

2000 17.99 16.72

5000 18.2 16.81

10000 18.5 16.93

478 2 16.48 16.06
50 16.87 16.29

100 17.22 16.24

1000 17.74 16.64

2000 17.99 16.72

5000 18.2 16.81

10000 18.5 16.93

485 2 16.48 16.06
50 16.87 16.29

100 17.22 16.24

1000 17.74 16.64

2000 17.99 16.72

5000 18.2 16.81

10000 18.5 16.93

493 2 16.48 16.06
50 16.87 16.29

100 17.22 16.24

1000 17.74 16.64

2000 17.99 16.72

5000 18.2 16.81

10000 18.5 16.93

504 2 16.48 16.06
50 16.87 16.29

100 17.22 16.24

1000 17.74 16.64

2000 17.99 16.72

5000 18.2 16.81

10000 18.5 16.93
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Table 4 — Overtopping risk for various initial water levels and return periods

HO

Return Period (years) . MCS LHS
() cuifjlogs OB e oy e
Initial Reservoir Level
2 0 0.001
50 0.005 0.006
100 1.00E-02 0.012
1000 470 0.028 0.03
2000 0.032 0.04
5000 0.049 0.056
10000 0.087 0.092
2 0.001 0.002
50 0.009 0.01
100 0.02 0.024
1000 478 0.043 0.052
2000 0.056 0.062
5000 0.083 0.096
10000 0.13 0.136
2 0.006 0.007
50 0.021 0.024
100 0.038 0.046
1000 485 0.085 0.098
2000 0.118 0.123
5000 0.145 0.156
10000 0.205 0.218
2 0.013 0.018
50 0.055 0.058
100 0.093 0.097
1000 493 0.17 0.176
2000 0.207 0.223
5000 0.256 0.266
10000 0.328 0.345
2 0.075 0.078
50 0.161 0.166
100 0.24 0.247
1000 504 0.368 0.38
2000 0.418 0.439
5000 0.475 0.509
10000 0.572 0.586
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Table 5 — Ratio of overtopping risk related to riskin T =2 & H0=470

TeuiS 5L 0,90
Rerurn period T Method 3,2 2550 25100 21000 22000 25000 2—10000
HO 350 adsl oo o¥9)
Initial Reservoir Level
470—470 1 5 9 23 31.67 4236 58
470—478 2 7 15.6 37 46.67 58.34 79
470—485 MCS 56 13.6 286 55.6 70.34 85.67 112.6
470—493 103 326 54 95.6 113 127.34 152
470—504 403 83 117.3 165 184.67  200.34 2243
470—470 1 5.34 11 253 35.34 43 60.3
470—478 2.3 8.6 18 393 49.67 60.67 84
470—485 LHS 53 173 32.6 583 74.67 89 114.6
470—493 133 376 57.6 97 11134 13334 160.3
470—504 416 873 1196 173 189.67 205 2333
60 -
(9515 Cig0) (53905 g 5 S 5 S pui
50 - Overtopping Risk Changes MCS
BT
40 - HO 8

xa

L UPTRTLARY &
Risk Changes
P w
o o

-
o
1

. B

2->50 470-»478

2->100 470-»485

2->1000 470->493 2->10000 470-»504

(91,55 Cigo (shg,) (15 gl g 9 ol 3l 093 (Wl 31 b (6)35) Siunsy Ol —€ JSG
Figure 4 — Overtopping risk changes with increasing return period and initial water level of the reservoir
(Monte Carlo Method)
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Introduction: The greatest part of constructed dams belongs to embankment dams and there are many
examples of their failures throughout history. About one-third of the world’s dam failures have been caused by
flood overtopping, which indicates that flood overtopping is an important factor affecting reservoir projects’
safety. Moreover, because of a poor understanding of the randomness of floods, reservoir water levels during
flood seasons are often lowered artificially in order to avoid overtopping and protect the lives and property of
downstream residents. So, estimation of dam overtopping risk with regard to uncertainties is more important than
achieving the dam’s safety. This study presents the procedure for risk evaluation of dam overtopping due to
various uncertaintiess in inflows and reservoir initial condition.

Materials and Methods: This study aims to present a practical approach and compare the different uncertainty
analysis methods in the evaluation of dam overtopping risk due to flood. For this purpose, Monte Carlo
simulation and Latin hypercube sampling methods were used to calculate the overtopping risk, evaluate the
uncertainty, and calculate the highest water level during different flood events. To assess these methods from a
practical point of view, the Maroon dam was chosen for the case study. Figure. 1 indicates the work procedure,
including three parts: 1) Identification and evaluation of effective factors on flood routing and dam overtopping,
2) Data collection and analysis for reservoir routing and uncertainty analysis, 3) Uncertainty and risk analysis.
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Figure 1- Diagram of dam overtopping risk evaluation

Results and Discussion: Figure 2 shows the results of the computed overtopping risks for the Maroon Dam
without considering the wind effect, for the initial water level of 504 m as an example. As it is shown in Figure.
2, the trends of the risk curves computed by the different uncertainty analysis methods are similar. As it can be
seen, the risk curves computed by the LHS are slightly higher than those curves computed by the MCS method.
Also as it is observed, the differences between risk values of the two methods increase in longer return periods.
Variations of overtopping risk with increasing the initial water level and return period related to overtopping risk
in the 2-year return period for the initial water level of 470 m are shown in Tablel. The results show that
elongation of return period plays a more important role in increasing the risk, than the increase of initial water
level.
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Figure 2- Overtopping risk in the initial water level of 504 m, without considering the wind effect

Conclusions: This study applies MCS and LHS methods to analyze the uncertainty and evaluate the dam
overtopping risk consideringthe uncertainties in input variables, such as quintile of flood peak discharge, initial
levels of water and spill coefficients. The results show that the uncertainty of water level calculated by MCS is
higher than that calculated by LHS. In addition, the overtopping risk calculated by LHS is higher than that
calculated by MCS. Furthermore, the increase of inflow rate influences the variations of the overtopping risk
more than the increase of the return period. In addition, evaluation of the results indicates that the overtopping
risk is an important issue in the Maroon dam. So, a comprehensiverisk analysis procedure in conjunction with
uncertainty gives very important information for decision makers to make better judgments in dam operation
based on uncertainty in inputs.
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