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Abstract

Risk assessment of structures, especially dams, has recently
been one of the main topics considered by researchers. Risk
analysis makes it possible to estimate uncertainties coming up
from randomness of parameters in the models which are
applicable in designing process. In this paper, different
uncertainties along with flood and wind with various return
periods segregated and simultaneously were exploited to
mitigate the overtopping risk of Hajilarchay earth dam. To
assess the risk in the proposed model, we used Monte-Carlo
simulation (MCS) and Latin hypercube sampling (LHS)
method with different iterations through system dynamics
approach. The results proved the effectiveness of system
dynamics approach in assessing the overtopping risk for earth
dams which showed the influences of different parameters
besides flood and wind on overtopping risk. Furthermore, the
results showed that opening the bottom outlet of Hajilarchay
Dam may reduce the average overtopping risk as much as 9.20
and 4.10 percent when incorporating the effects of just flood
and flood and wind, respectively. In addition results showed
that the average overtopping risk owing to just flood and to
flood and wind estimated from MCS method were respectively
about 4.30 and 3.50 percent more than corresponding results
obtained by the LHS method. Also the reliability index
obtained by the MCS method was higher than LHS method and
MCS method has less calculation time compared to the LHS.
Finally, we could conclude that system dynamics approach
along with MCS is a very effective tool to estimate the
overtopping risk in earth dams.
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Fig. 3- The location of Hajilarchay dam and its river basin area (Bandab, 2013)
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Table 1- Hajilarchay dam information and appurtenant structures
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Dam type Crest Crest Height above Height from  Reservoir volume Active Type of
length  width foundation bed(m) in normal level volume spillway
(m) (m) (m) (MCM) (MCM)
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Table 2- The maximum wind speed at different return periods at dam site
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Return 5 10 20 25 50 75 100 200 500
period (year)
W"sz‘Ifr?/'ﬁ;'ty 7452 9108 101.88 112.32 11556 125.64 131.76 13572 14724 161.40
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Table 3- The peak flood discharge with different return periods and the (PMF) discharge
(PMF) Joizmo Mo ST (o1 5 illiseo (gCS U 2,90 b Mo Sy (23 - Jgo

Return period (year) 100 500 1000 2000 5000 10000 PMF
Peak discharge (m3/s) 200 305 370 430 510 565 900
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Fig. 4- A view of Vensim model for simulating water balance in reservoir
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Fig. 5- A view of system dynamics model made for simulation of water level and calculating performance
function (2) in Vensim environment
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Considering and identification of effective

factors in overtopping risk

v

- Initial reservoir water level (H,)

- Flood hydrograph with different return periods
- Wind velocity with different return periods

- Dam height

v

Run the VVensim model

v

- Flood routing and calculate the reservoir water level (Hp,qx)
- Calculating the height of water rise due to the wind (h,,)

J

v

Apply uncertainty parameters and run the Monte Carlo

simulation and Latin Hypercube samplina

v

Calculating the performance function for each simulation (Z):

Hdam And
H

ZFlood = In

. ZFlood&wing = In
Export the Vensim model output to Excel environment

Hdam
Hmax+hw

v

Calculating overtopping risk of dam:

Risk = 1-¢ (i—i) = 1-0(B)

Fig. 6- Flowchart of Hajilarchay dam overtopping risk evaluation
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Fig. 9- The effect of flood and wind return period on overtopping risk by considering uncertainty of initial
water level

Ol gl 51,5 Culad pue (38,5 a0 53 b (5,39 ) Sy (§9) 12 O 9 Yl S 3 0,95 il 3T -4 JSUS

flood and wind

o o o

o o o o
> (o)) (o] =

Overtopping risk due to

o
o
]

0.12 Wind return period (year)
. m25 m50 m75 m100
o 01
s2
%2 0.08
=T
25
‘2o 0.06
o O
£2
g 0.04
¢
0.0

N

1000 2000 5000 10000 PMF
Flood return period (year)

Fig. 10-The effect of flood and mind return period on overtopping risk by considering uncertainty of initial
water level and dam height

5l gl 315 kel e (i) S5 10 L (5,08 ) Sty (55 22 O 9 Vhows CunlS 5Ly 0,93 Sy 53 Y ¢ JSUS

g5

o 0041
[<5]
o}
©
X 0.04
2o
25
S ¥0.039
Q.
(@}
5
g 0038 -

0.037

0 200000 400000 600000 800000 1000000

number of iterations
Fig. 11- The effect of simulation iterations on overtopping risk due to flood
Mo 51 (il (55359, Sunnty (595 3 (Silwanmnd ST dland 13U VY JSO

IFAA o o) oylowd o3 3L Jlw (3l ol Of @il oliios
Volume 15, No. 1, Spring 2019 (IR-WRR)
vY¥



0.104

o 0103
S
2 2 0101
28g
S5 0.1
[eNNe)
S &
E"’ 0.099 —e— ——a
O 0098
0 200000 400000 600000 800000 1000000

number of iterations
Fig. 12- The effect of simulation iterations on overtopping risk due to simultaneous effect of wind and flood

2 g Mo ylooi 1 51 ol (6359, Smnty (59 2 (8l 51,55 3N 3T VY IS5

s Jl o6 (£)355) Sy o) 2 W S5 4 a2 L
UL ad,S e odmlie ol odids ol Bps DL I 5l g o duwlxe
4 535y S sle I bawgio jobay (Sl 0aiS 55 (A
Al ol 3 a8 el )5 HLLE Ll oad dtwlS 1oy 3 AV e
(PMF) Joizeo oM y81as (sl 65859y Sy ialS e
ol 2 SOYF S 4 g b Gizmen e w0y e
& b lp ok g O Jole 93 156 cod (6)05y) S
0l duaw o dow y0 5L b by ol diwn Sliog 04iS alss asy yo
0diiS Aot dzyd i 5L b e cdls cpl 40 00,8 e s liie sl
20> YN+ Gl & bawgio ok (6)355) Sy ke Slos
(PMF) azeo s 515Tis (glyy o LtolS jlade g asily ials
Ol 550 bt duslie il o dopd Yo ply dls Ver oL
Al b duglis )0 ¢ Slios 0aiS adsd gy diuw Ciyguo 50 D 0
b ey 8 ) (65359, Sy o M 0 53T ¢ L

...\.u)l..i‘_;o . .

Sty Ol 53 PUoG 208 a5 (Fadjly 30 Y0
%59,

e 3 2 Sl o1 Al (g b b (wyp solaie @
oAIS 45T (139 iy Al 53w (350 )b S 1639y S
Col 03,5 dpaslons (6)359) Sy (jan 5 048 (g jlodad (Sl
oS’ ad55 (1392 5l b )3 s (35 (gilwdnd (e K3 b
P dob ol g ol duwbre (6,055, Sy liwe (Slw
55 o g3 b 55 48 ol 83 bl sl ode] VF 4 VY (clelS5
9V 0wy Sl g JBhe Hlade b s iz Ol pdaw gl
iy a Sl g Jils jlade b dw gl cyioten g e VoYY
Ol 4 ol ok SVYlanl slamjs sb g VY 5 FA/OY
B9y D90 9 B y3 g odd AB)S LS 5 Cuslad pas glaiel )l
ol 488 Ciyguo Vo v e e )14SS laxi L MCS

Bottom outlet status

B 0.045

o

S  0.04

[«b]

>

S 0.035

5

S 0.03

£

S 0025 I I I
S

S 0.02

o 100 500 1000

mOFF = ON
2000 5000 10000 PMF

Flood return period (year)
Fig. 13- The comparison of overtopping risk due to flood for closed and open bottom outlet
Az 43 b Cdle b Slisd suiiS adsd ase 43 dws Sl gl OMaw 1 51 U (6,35 9y Sy dun o - YT JSUS

IFAA Sl ) 8 jlowd (edd b Jlw oo ! O golio eoliyiios
Volume 15, No. 1, Spring 2019 (IR-WRR)



Wind return period (year)

2% 012
3 < 25 m50 m75 m100
© =3 0.1
5c.
S5 §008
S EE
g2 006
£8

= 0.02

1000 2000 5000 10000 PMF
Flood return period (year)
Wind return period (year)
°
3% 012
S E 25 m50 =75 =100
o 2 0.1
S5 ©
S o
8 0.08
22 006
g%
gg 0.04 I
0.02

1000

2000 5000 10000 PMF

Flood return period (year)
Fig. 14- The comparison of overtopping risk due to flood and wind for closed and open bottom outlet
a2y b Cla b (Sl auiiS adsd aze 40 i Sl (6140 DU g OV 51 51 iU (6535 9y Sy g lio -V F JSUS

ol 4l (158l Ao )3 ¥Y e 4 Jlo Voo cuiS b oyed Lol

b S5l 51 Jolo (55359) Sy W dwglio -0-0

LHS (595 9 MCS by,
0Py b odd duwloe (6)355) oSy (3800 | caond (il 5
S5 ] 43,5 )5 dnlie 3y90 /K30 b LHS gy 5 MCS
95 B ) iles ddye Yerees 2l Uey 93 2 5> ilwdnd
Sy sl by g Mo ciliee sloculiSh 0)93 gly bsy
Ozt g lme Ojgo dp M 586 Sl 9 4o (4l (5,35,
58 dnalie 390 ;S00S L g 02035 dslne b g s plgs i
o gl 515 cunlad pae slajial)l w3590 (5> cal 485
o VeFY g Veed Coip Sl g Pl Jlade b dw e
VY g PADY iy 4 ST g JBls jlade b s glas)) cpioed o
Lol ol V5 S5 53 kbl e o 2l et slagjes b jio
SeuiS il oy b oMo I (L86 0ud dlne (6,059 San
o duslio 15,05 b LHS gy s MCS gy 40 b cilisee

$3359) Sty 2 b Gk o Copnlad s 3l -F-0
)39y Sy ie g 2k Cu poo Capalad e Sl ) pslaie 4
IS olaws LMCS gy 4 (gilwdnd odds aidlo Jdo ) cduw
sokaie Cualad pae gla eyl ] 48 g0 dgpe Yereee
o5 Sl adgl pgdy a5k s CuiSiloygd  ogdle o
02995 )y polate 4y b Cuspu Cualad pie gt 363 )] e
MCS gy 3 s 5l 65359y S 23k Cos po Cslad pac ]
Y cuSibooyen b ol (ol VE/Y- kmih oy o ceyu JBls
0y93 b oL (el VEV/¥e kmih ply oL ceju iSls g Jlo
90 Jeisl @iy cwl ol 4B i > Jlo 80 cuiSh
e oo =Y/ VA g W=YE/EYe b g mser 5 edlal
Statistic = L Easy Fit ,l58le 5 lawgy a5 Cl oy 423 5
HB &5 cpyiae olygs 4 P —Value = - /aAvas 4 - /vior

ol 04 03l s !

Ol N0 S Gillas Sy ol g (gilodnd 5l Jols s
9039 PMF OMew (cly (6,355, Sy Jlade yiSTas a8 and o
oS > o L5 ol cpimen Aibige NOVWAY ply ol e

VA g o) 0)lond o3 3L Jlw 3l ol Of @olio ol
Volume 15, No. 1, Spring 2019 (IR-WRR)

\td



0.16

o
é 0.14
o O
c
_—:,f, S 0.12
-0
28 01
oie]
g3
£+ 0.08
[<5)
3
0.06

100 500 1000

2000 5000 10000

Flood return period (year)

Fig. 15- The effect of wind velocity uncertainty on overtopping risk
63359y Sty 2 3l i s Cupaad s B 10 YK

Dy 5 4 ldiges

0v9) 9 MCS gy g li (5 dudlois] (as i duw lio —£-0
LHS

P LHS 5 MCS (Sg) 95 2 2l amslie 5 (o) p polaio &
Al o lp dlio jl cuand (13 ((6)35 ) Sian) dloro
(B) cspipdlael Gasls ol g Moo pl 31 iped 5 o
e iS5l caliee slooygd (slil 4 S5 o) 93 Ll
o yiall ol 000l V4 6 VA cla IS5 Jloged 5D g 0d dpwloxe
E] 5t o350 0 Ol ) glis) oad 4B S lai > Coababpie
Voo iS5l oyed Lol ey (gl Slusbro g Al 0 duw 265

sl 815 gl Jlus
< 005

8

S = MCS
g 0.04

©

X

.2

1.

2 003

Q.

o

(@)

: THl |
g

3 002

100 500 1000

Sy ke Gilwand 1 b ol e (LS @S
b il glacuiSih o)ed b oMw (sl o dslxe (5,159,
Ao (6)359) Sy (1:ke jl a0 )d FIY 3905 15 MCS 39,

Caol yidy LHS (34, b o0

plg b cov ord dmbre (6)355) S jlade W S
5 ol ol .l oal LHS 3 MCS (¢la o9, b 3L g o s
e 3Ske 0l g WM plgi 1 s o s o lis VY S
Sl Y0+ 3905 D MCS g, b o dpwle (5538, Sy

Gl g LHS gy b o dowle (65389, Sy (p5ko

< w3l 3l 3 Wised g Uag) (s glite e 4 LHS

LHS

2000 5000 10000

Flood return period (year)

Fig. 16- Comparison of the overtopping risk due to flood in MCS and LHS methods
oY cSe il (S diged B9y 9 )90 (5ilwdind (1B 50 e I (o5 (65359 ) Seuny dmmglio -V 5 USCS

IFAA Sl ) 8 jlowd (edd b Jlw oo ! O golio eoliyiios
Volume 15, No. 1, Spring 2019 (IR-WRR)

Yy



Wind return period (year)
0.12

m25 m50 m75 m100
0.1
0.08

0.06

|I|| II|| ol il ||

0.02

1000 2000 5000 10000
Flood return period (year)

Overtopping risk due to
flood and wind in LHS
method

Wind return period (year)
0.12

0.1
0.08

m25 m50 m75 =100
0.06
I||| I||| 11| RLLA ||
0.02

1000 2000 5000 10000
Flood return period (year)

Fig. 17- Comparison of the overtopping risk due to flood and wind in MCS and LHS methods
OFY S il (555 diged B9y 9 )5 CAge (5l (19 3 3k g Vw51 (U (553 g5 Sumy dmnlile VY UK

Overtopping risk due to
flood and wind in MCS
method

1.8
a 17 o ® o
3 16
2~ A
é 15 A’ ....... "oo....‘..oOoo-O‘....... .
= A,
2 14
g 13 —@— MCS ++A+ LHS .°'°A
1.2
100 500 1000 2000 5000 10000  PMF

Flood return period (year)

Fig. 18- Comparison of the reliability index obtained by the MCS and LHS methods considering flood
20 oY CaSe gl (S S Aiged (W9 9 5 CEg0 (5 jlwanmd (g, 51 Bel Cuwd dr (g dudlois] pad L dulio — YA JSS
Yo <l

IFAA o o) oylowd o3 3L Jlw (3l ol Of @il oliios
Volume 15, No. 1, Spring 2019 (IR-WRR)
YA



14
1.3
1.2
11

0.9
0.8

Reliability index (B)

100 500 1000

2000

—®—MCS A+ LHS

5000 10000 PMF

Flood return period (year)

Fig. 19- Comparison of the reliability index obtained by the MCS and LHS methods considering flood and
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