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The Real-time flood control operation of a reservoir system can greatly reduce
human and financial losses. In this study, a model for real-time flood control
operations in reservoirs under the occurrence of floods in April 2019 and the
uncertainty of hydrographs of inflows is presented. The presented model
includes three modules: the flood that occurred in April 2019, Monte Carlo-
HEC-ResSim simulation, and uncertainty analysis. The considered uncertainty
factor is the hydrograph of the input to the reservoirs and side flows to the
river. A Monte Carlo-HEC-ResSim simulation was performed according to the
real flood of April 2018. In order to quantify the uncertainty of the HEC-ResSim
model in the simulation of the water level of the dam reservoir, two 95 Percent
confidence band factors (P-factor) and the band width factor index (d-factor)
were used. Based on the results of the Monte Carlo simulation, the uncertainty in
the water level of Dez, Karun and Gotvand dams due to the uncertainty of the
hydrograph of the inflow was 0.037, 0.107 and 0.034 Percent, respectively.
Therefore, the highest and lowest uncertainty in the water level due to the
uncertainty of the inflow hydrograph is related to the Karun 1 and Upper
Gotvand dams, respectively. In addition, the uncertainty bandwidth of the HEC-
ResSim model in simulating the water level in Dez, Karun 1, and Upper
Gotvand reservoirs was 0.151, 0.407, and 0.808, respectively. Considering that
the maximum allowable amount of the accepted bandwidth factor is equal to
one, the uncertainty bandwidth obtained in all the parameters (including the
input and output values from the reservoirs, the volume of the reservoirs and the
control points downstream of the dams) is accepted. This indicates the low
uncertainty of the HEC-ResSim model in reservoir exploitation operations. The
95ppu values of the observational data in the 95 Percent confidence band for the
water level of the reservoirs in the three studied dams were 100 Percent. A high
95ppu value indicates that the model has a strong physical and theoretical basis.
For other parameters, the 95ppu values were low due to the low uncertainty of
the parameters.
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Figure 1. General appearance of the Karun watershed
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Figure 2. Schematic configuration of Karun watershed
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Figure 3. Flowchart of research stages
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d-factor <y =5 by .(Alizadeh et al., 2013) cuol 0053,5 Jboy Slhalie sbodly ;3 jlxe Clyoul & puds

Sharifi et ) sk e Laiye 038 Sty lois S Coad pis (S)in & pafites yoboty o] olies o ol (35
.(Abbaspour et al., 2007) cusl 030)8 35 yao & &5 Mib o Sy d-factor gl Jlads oy i (al., 2012
23y9] Cawddy (V) dasl, 5 lgs oo 1, d-factor jlace

d.factor = e () i,
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Blas a8 Wil o lisebl b awgio (oye jody g sddodnlin e Hlae Blysdl oamdlis oy (o &S
:,\;fluo Cawddy (V) alayly
Z = % k=1(Xy — X1.) (Y ‘\b%')
4,5 Jlai o adllae o b syt e (A0 puu) doys A0 luebl s dacusd pas awyy jslaieas
xS 59 9y 3l (Xu) Lo > AV/D 4 (XL) Lo pd YD dgas LT 55 5 o] o3jglcanay ly ol orid
oo Al i oS Jhao )0 Glieb] dgas sl il cpuad Ve 0 Jae e s (om0 SV L]
AW Hlaebl Kb, 43,5 15 claodly toyd sl o cavlio il oad 48,5 )5 dgas ] > Slaslie Hlude
2550 dplons (1) el 1 203
95PPU = ~Count(X|Xy < X < X,) (¥ dlay,
sl ds > oS 500, (2007) Abbaspour et al. s sl bl o oy Voo ply A0 pUU Cuslio Hlade
Dy dalgd 1S Caalad pas WSl Ao > Ve 4 K005 el L 3D
D9 e dpwles (¥) dlarl) jl cobad pas do)> e
%~Uncertainty = (Upper Est. Error — lower Est. Error)/(2 X Running average) X 100 (¥ dal,
A3l e b LS 5 9 YU 1S 5o s lade cus 54 lower Est. Error o Upper Est. Error ¢l ;> o

Gl 00 (gjlwdenss yiol )l lawgio Hlade saias Lis Running average,

HEC-ResSim Jwwo souwly ol .\ .V
2 o) 586 wyyr g Jaa (Slajially 33 s Ay o Cl (Giloe bl Jolye gie Canlas il
a8 13,5 odlatwl s 3 Sles (gjlwdeni Cos HEC-ResSIM Juo 1 dslllas opl 10 g 0 pldl ¢ Jdo (9,5
addllas oyl 3 2980 Pl Jda 53 (So5elgy ke ondaislid (sla by il edliul b alisgy )3 Juw (abigy of
PSwle sla ol )l riwwly s 00,5 solatwl &8s, slaojl > O obiisy Cas pRGSwle g,
im0 2bgy slaojl K g X (gba iyl oeiwly ol 000,85 odlaiwl HEC-ResSIm  Jaw (gjlwaings cublB

el Candds (V) Jgido & ygods Haine (claslsag,

Table 1. Muskingum coefficient of Dez and Karun rivers

Reach X K (h)
Karun3-Karunl 0.35 2.8
Karunl- Gotvand 0.28 35
Gotvand-Shoor 0.4 1.67
Talezang-Dez 0.42 1.68
Dez-Balarod 0.45 1.9
Balarod-Kohanak 0.25 3

cuxbdpus Juloxi .Y .V

pas dgzg sl amd o 1y Sl ol 4 cul HEC-ReSSIM Juo ;5 Sy o of S ige Julow o 4500
s gjlwans HEC-ResSim 5,8 oLyl 1) (ilodnd zuls g9y Jo 4 (639)9 GleMbl b ki e cuslad
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GBS gy gl sas bl mjer sl il Gl a5 Cuwl olayiel)l o Jisl x5 g9 wlwlp Bolas
Jelo s 5 *MCS y, ise HEC-ReSSIM (3l Jan golis uilien Jloy o)) @isf cjbee & 5399
9 Ol adg 3 WAA Jlo olocnd)9,8 W (JI Ve olo(03)9)8 ©Mew &y by 05l Jobo 53 Jdo Cupalad pas
W8S 5B ey p3y5e 3

ooy ) (Blad (b Cushad pus wile (UsS Lalyd it > gl |y iledde ) Cuslad pas
—odl (5,503l (gllas 51 5 (93955 (slmodly )3 Coxlad pas 4355 (sloodly (555 0jluil Coxlad pas (13
pie 8,5 Jlas 5o Ollgy g o,k aile sla Jae (63959 cbodld > i lalbs b o] as sla
L oolyad Jao drwgs > oddbodlaiwl ol @Yolee 0 JolS' Slgsrenl asi 10 ¢ Jio drwg slallad g Cuslad
g b plisSule dilae culys 3)5lp iz es 3580 Wy Canb ooty Sjs p (Sl (SBly Ly
Heydari ) coul s 5 couxhad pac gyl glge ST Jao xiwly (gly odlituldyge cleMbl g Lol )3 cds 4
[etal., 2016

Sl Sz 0s)8 acg  HEC-RESSIM Juo bawgi (giludnd Yoo o=V eee b o)l Cige ok pas oo
6505 (bl abai) 5 aiy S8 Alall 3 0 5 o Sl e 53 M 50 4 (295 5 999y9) B pite Sl (S
(29 e sl 5l lgel — ol iSen lojlsal cul &S S S (0Y) B (A) cladSs )5 (g 5 5
byd cusl yito g9y liSen slajlre g (a3 ol 5 YL olyS) Slel o s (slasye 5 12l Jlo )5 (S0l
oS bgie sl Slabwy plpiedr ()85 o (Bolal diged )3 i pie () (295 pie Sy (o Sen
Adold) Sio dol bl jwlely ol Kes cwl ooy @lyuss wSlhs 5 lueb] dgus o Scise sy SO
P- calpd olie ized Al (295 Sl ke )3 (100 Vo) e sy Slis 5 (003 D el
ool cal oad 1)) gilwans Vere gl (V) Jodo 0 (08 &jgody Cuslad pae o ys 4 d-factor dfactor
Le 2555 5 G 0alS 5 (b ) f a1 b pae Wil gy Jolo cgiloand Vor e S 5 b
alols 5 Siko ole ol ekimd o olis (V) 5 (1) csloalay 45 jsbo et bbso +/-A 5 +/FA =/\DY s ity
&lg 3 N0 e il o Slalie polie jlae Clool 4 Cos Cazlad pas gladil 3 ol o YU e e
Huxe Glsul 1o )3 VOl (Ol o 5 (gilwdnd 5 Jde gols Cuxbad pae wb Ly 45 ol 4l osimsyLis
Jlo ologn)9,8 VW= e dsgy £58g a1 M) (uoppy90 03k Jobo 1o enbosalie ()jbe Ol paws 15 (slaeals
Caalad pie 5l (sligg 395 o otnlite g ol Sy dblso hypda b 45 ole ol e e Sl o] (YA
Ll S S (B Candimly JpuS LB 5 il woe (il | (295 5 3909 5l ) bojia)l ples
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HEC-ResSim Jio caxs ((Schuol et al., 2006) (539,9 sl yiol)b 13 Koo slacusled pas Cuipds oo o 35
25,5 o lil (Alizadeh et al., 2013) Jao oxiwlg &ya8 > Casss g (Farokhnia et al., 2010) (¢;lwand o

Table 2. Uncertainty results of the Hec-ResSim model

P-factor d-factor %Uncertainty
Computation Point(10).(cms) 21.62 0.025 0.171
Computation Point(9).(cms) 8.10 0.050 0.360
Computation Point(6).(cms) 18.91 0.034 0.198
Computation Point(5).(cms) 18.91 0.035 0.198
Inflow (cms).Gotvand 21.62 0.040 0.274
Release (cms). Gotvand 21.62 0.038 0.274
Elevation (m). Gotvand 100 0.088 0.034
Storage (m®). Gotvand 5.40 0.101 0.175
Inflow (cms).Karoun 16.21 0.062 0.456
Release (cms). Karoun 16.21 0.060 0.451
Elevation (m). Karoun 100 0.407 0.107
Storage(m?®). Karoun 5.40 0.539 0.964
Inflow (cms). Dez 8.10 0.057 0.363
Release (cms). Dez 8.10 0.053 0.363
Elevation (m). Dez 100 0.151 0.037
Storage(m?®). Dez 32.43 0.151 0.266

<> A0 puu 6L g, — oozl )b (gl Jde 45 0103, asuie sdelcundd gt 4 dv g b s en
Al Jowlie JpuS B by g o)l jl 63959 5 (295 sl claehl 4 s Sk 0550
U Sl 2 dasm &S 08 oo gl ally 0 casl ke gy —pze el I ol d-factor ol b
PSS o d-factor el Bb o doyn g 5 i 30 d-factor il SYL dop A cuxlad pae S
4, (2017) Biazar et al.gols b goli cpl i od )10 Sleswen (2012) Nourani et al. zols b a5 ab salss
d- polie g oS Slinl a8 3yl Slesren cwlaidlyyy dilj) o (puesd )3 uwas &S Cuxlad pae oo
Y9828 1y p-factor gyl iz ed g Cadld pagie Jdo Cushd pae gl I oL | factor
el 4 i yiay &S (2015) Hamraz et al. 4 (2017) Nourali et al. iz 0, olo )l cushd puas
sl 1y 05 gl j p-factor lade DS sl MODFLOW 4 HEC-HMS (sla Jas )5 Coslad pac
U ccuskad pie muin 90 (pl diieS o5 diwily Jao jldle g (63955 sbrodld dx ;500 zuie 90 sl ppw
s O s 553 53 conad pas (Y) Joir 4 s b 098 o0 giloaned <8 8 )VL el 0l s>
ol oy [o¥F g VY ¥V L ply Gl 50 (639)9 by Cualad pie cleds 155 5 S$ 9,8 5
55 5 S 9)lS ot 4 baye i Ol gaw 50 Cualad pae n5eS 5 ok olal
el )3 )56 o etee ol S5 s 4 sy i ol 4 g €Dy Of 15 e g (93909 (20 Jte (cokee
Gl)Sgyun Jio cualad pas Joloe 15U wyp 4 395 adllas 43 (2011) Mansori s s 23l oo Sy
Ol @l .ca by ww > Of (65359, pipphs Juloo p O S (03 9 O 1y e e 4 (53959
it addlledjge b dw 5l Sl (295 9 (53959 e 8yl dddllas cpl 5 Bl oo (8 S0l
Al oo Lls 1) cuslad pac 0o )d p5aS (B > 5 Cusbad pus o)



’f'r;ﬁ)le.gajla.&.ﬂ.ﬁbéﬂajjat‘_;)lzqug.:f&g,guta AA

FLOW- IN

M Ayl
I I
I

}‘ 1| [ R | | (4 Wl {1 Y o | | 111 AW | \u T
I i
7,000 | | | | I

7,800 A oA O 0 O O \‘I (0 T T
l I
I

I
|
|
I |
|
I

Flow (cms]
N N
B
o
o

Flow (cms;
~
o
o
o
.

Percent %

o 100 200 300 400 500 600 700 800 900 1,000
Realization

Dez Reservoir-Pool:Flow-IN Lower Tolerance

Running Average
Lower Est. Error Upper Est Error

Upper Tolerance
Rel. Error

Tolerance

Figure 8. Inflow to Dez dam reservoir simulated by Monte Carlo-HEC-ResSim model under the
influence of uncertainty in the 95% confidence range.
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Figure 9. Output flow from Dez dam reservoir simulated by Monte Carlo-HEC-ResSim model under the
influence of uncertainty in the 95% confidence range
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Figure 10. Water level in Dez dam reservoir simulated by Monte Carlo-HEC-ResSim model under the
influence of uncertainty in the 95% confidence range
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Figure 11. The outflow at the control point 9 simulated by the Monte Carlo-HEC-ResSim model under
the influence of uncertainty in the 95% confidence range
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