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Table 1. Average monthly values of evaporation from the free surface of water at the dam site in millimeters

month | Evaporation (mm)
Oct 299
Nov 184
Dec 120
Jan 82
Feb 100
Mar 151
Apr 233
May 371
Jun 493
Jul 492
Aug 472
Sep 390

Annual 3387

Table 2. Average monthly runoff values at the Kardeneh dam site in million cubic meters

month | Rounoff (MCM)
Oct 0.0000
Nov 0.3595
Dec 1.5068
Jan 1.4819
Feb 1.3155
Mar 0.2945
Apr 0.1844
May 0.0000
Jun 0.0000
Jul 0.0000
Aug 0.0000
Sep 0.0000

Annual 5.1427
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Fig. 5. Schematic view of the location of dams, existing waterways, drinking water wells and existing
transmission lines

Table 3. Average monthly runoff values at the Sana Dam site in million cubic meters

month Average Runoff
Kardeneh waterway | Second waterway | Sana Dam alone

Oct 0.0000 0.0000 0.0000
Nov 0.3595 0.5300 0.8895
Dec 1.5068 2.1500 3.6569
Jan 1.4819 1.6413 3.1233
Feb 1.3155 1.7763 3.0918
Mar 0.2945 0.2444 0.5389
Apr 0.1844 0.1241 0.3085
May 0.0000 0.0000 0.0000
Jun 0.0000 0.0000 0.0000
Jul 0.0000 0.0000 0.0000
Aug 0.0000 0.0000 0.0000
Sep 0.0000 0.0000 0.0000

Annual 5.1427 6.4662 11.6090

Table 4. Montana method, percentage of average annual flow to maintain river conditions based on different objectives

Purpose Suggested percentage of average annual flow
Aautumn-Winter Spring-Summer
Very excellent 40 60
Excellent 30 50
Good 20 40
Fairly 10 30
Weak 10 10
Severe destruction 0-10 0-10
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Fig. 6. An overview of the modeling of successive Kardeneh and Sena dams in the Vensim software
environment
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Fig. 8. Comparison of water volume of Sena dam reservoir in simulated and observed state
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Table 5- Management scenarios of Kardeneh and Sena dams
(The red numbers are the unacceptable percentages by the Ministry of Energy)

scenario Dam Supply percentage Needs
Domestic | Environmental | Agricultural
Kardaneh volumetric 77.41 92.04 73.03
First Temporal 75.85 92.04 73.93
Sana volumetric -- 97.14 49.53
Temporal -- 97.14 48.5
Kardaneh volumetric 79.06 93.24 74.37
Second Temporal 77.87 93.18 74.07
Sana volumetric -- 97.14 49.53
Temporal -- 97.14 48.5
Kardaneh volumetric 89.77 95.45 75.99
Third Temporal 88.46 95.45 75.78
Sana volumetric -- 97.14 49.53
Temporal -- 97.14 48.5
Kardaneh volumetric 84.34 96.59 81.13
Fourth Temporal 83.73 96.59 80.91
Sana volumetric -- 97.14 49.53
Temporal -- 97.14 48.5
Kardaneh volumetric 97.67 96.59 82.76
Fifth Temporal 97.37 96.59 82.34
Sana volumetric -- 100 83.48
Temporal -- 100 81.41
Kardaneh volumetric 97.66 96.59 82.76
Sixth Temporal 97.36 96.59 82.34
Sana volumetric -- 100 83.48
Temporal -- 100 81.41
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Average monthly and annual demand, supply and shortage of drinking water of Kardeneh dam in .Table 6

million cubic meters

Month | Average demand | Average supply | Average shortage | Standard deviation
Oct 0.139785 0.132493 0.007292 0.005156
Nov 0.099334 0.099334 0 0
Dec 0.087725 0.087725 0 0
Jan 0.076615 0.076615 0 0
Feb 0.075167 0.075167 0 0
Mar 0.036445 0.036445 0 0
Apr 0.074315 0.074315 0 0
May 0.079346 0.079346 0 0
Jun 0.086629 0.086629 0 0
Jul 0.08647 0.08647 0 0
Aug 0.086148 0.086148 0 0
Sep 0.115242 0.115242 0 0



http://dx.doi.org/10.22034/JEG.2023.17.2.1019711
https://ndea10.khu.ac.ir/jeg/article-1-3100-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-05-26 ]

[ DOI: 10.22034/JEG.2023.17.2.1019711 ]

Yyv VfeY QL‘;«QUY;)L&:L&M»\;&W el ey g RS

Month | Average demand | Average supply | Average shortage | Standard deviation
Annual 1.043221 1.035929 0.007292 0.005156

Average monthly and annual water demand, supply and shortage of the Kardeneh Dam environment .Table 7
in terms of million cubic meters

Month | Average demand | Average supply | Average shortage | Standard deviation
Oct 0 0 0 0
Nov 0.035954 0.035954 0 0
Dec 0.150685 0.150685 0 0
Jan 0.148194 0.146616 0.001579 0.001116
Feb 0.13155 0.131544 6.07E-06 4.29E-06
Mar 0.029452 0.029452 0 0
Apr 0.055313 0.055313 0 0
May 6.23E-06 6.23E-06 0 0
Jun 0 0 0 0
Jul 0 0 0 0
Aug 0 0 0 0
Sep 0 0 0 0
Annual 0.55115423 0.54957023 0.00158507 0.00112029
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Table 8. Monthly and annual average demand, supply and shortage of industrial agricultural water of
Kardeneh Dam in million cubic meters

Month | Average demand | Average supply | Average shortage | Standard deviation
Oct 0.071049 0.052831 0.018218 0.012882
Nov 0.049379 0.035452 0.013928 0.009848
Dec 0.028513 0.02392 0.004593 0.003248
Jan 0.015683 0.013672 0.002011 0.001422
Feb 0.013978 0.013185 0.000792 0.00056
Mar 0.012567 0.0116 0.000967 0.000684
Apr 0 0 0 0
May 0 0 0 0
Jun 0 0 0 0
Jul 0.003862 0.003168 0.000693 0.00049
Aug 0.01908 0.015656 0.003425 0.002422
Sep 0.042661 0.032816 0.009845 0.006961

Annual 0.256772 0.2023 0.054472 0.038517
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Table 9. Monthly and annual average of water demand, supply and shortage of Sena dam environment in
million cubic meters

Month | Average demand | Average supply | Average shortage | Standard deviation
Oct 0 0 0 0
Nov 0.052998 0.052998 0 0
Dec 0.215003 0.215003 0 0
Jan 0.236166 0.236166 0 0
Feb 0.177635 0.177635 0 0
Mar 0.073326 0.073326 0 0
Apr 0.037238 0.037238 0 0
May 0 0 0 0
Jun 0 0 0 0
Jul 0 0 0 0
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Month | Average demand | Average supply | Average shortage | Standard deviation
Aug 0 0 0 0
Sep 0 0 0 0

Annual 0.792366 0.066031 0 0

e e geen o L s (55,5158 0T 95005 5 (el 5L VLo g alable uSils V- s
Table 10. Monthly and annual average demand, supply and shortage of agricultural water of Sena Dam in
terms of million cubic meters

Month | Average demand | Average supply | Average shortage | Standard deviation
Oct 0.092266 0.075431 0.016835 0.011904
Nov 0.096578 0.07361 0.022968 0.01624
Dec 0.050536 0.037955 0.012581 0.008896
Jan 0.032311 0.025207 0.007104 0.005023
Feb 0.041124 0.037818 0.003306 0.002338
Mar 0.061959 0.054109 0.007849 0.00555
Apr 0.057295 0.04995 0.007346 0.005194
May 0.008424 0.007344 0.00108 0.000764
Jun 0.003846 0.003255 0.000592 0.000418
Jul 0.005127 0.004338 0.000789 0.000558
Aug 0.010062 0.008514 0.001548 0.001095
Sep 0.037095 0.030861 0.006233 0.004408

Annual 0.496623 0.408392 0.088231 0.062388
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Table 11. Annual average volume of water demand, supply, evaporation and overflow of Kardeneh dam in

million cubic meters
(During the 39-year period of the model)

Year Domestic (MCM) Environmental (MCM) | Industrial MCM) | Evaporation Spill

Demand | Supply Demand Supply Demand | Supply (MCM) (MCM)

1 0.447002 | 0.447002 0 0 0.256772 | 0.140892 0.561796 0

2 0.925666 | 0.893549 | 0.401626 0.401626 | 0.256772 | 0.10783 1.222088 0

3 1.340551 | 1.340551 | 0.359827 0.359827 | 0.256772 | 0.256772 1.440457 0

4 1.240952 | 1.240952 | 1.214644 1.214644 | 0.256772 | 0.256772 1.599963 2.112751

5 1.340551 | 1.340551 | 0.281983 0.281983 | 0.256772 | 0.256772 1.509622 0

6 1.340551 | 1.340551 | 0.517993 0.517993 | 0.256772 | 0.256772 1.259388 1.094073

7 1.340551 | 1.340551 | 1.295298 1.295298 | 0.256772 | 0.256772 1.432671 8.752688

8 1.340551 | 1.340551 | 1.270475 1.270475 | 0.256772 | 0.256772 1.213861 8.584212

9 0.969959 | 0.969959 0 0 0.256772 | 0.214112 0.705921 0

10 0.826067 | 0.79395 | 0.561642 | 0.561642 | 0.256772 | 0.092147 1.340099 1.083345

11 1.340551 | 1.340551 | 0.328645 | 0.328645 | 0.256772 | 0.256772 1.728087 0.083234

12 0.447002 | 0.447002 0 0 0.256772 | 0.19117 0.875741 0

13 0.032117 0 0.054943 0.023029 | 0.256772 | 0.026545 0.517917 0

14 1.03603 | 1.003914 | 0.562626 0.562626 | 0.256772 | 0.136344 1.381481 0.986783

15 1.340551 | 1.340551 | 0.672179 0.672179 | 0.256772 | 0.256772 1.536981 2.953622

16 1.340551 | 1.340551 | 0.426641 0.426641 | 0.256772 | 0.256772 1.5296 0.339379

17 0.767678 | 0.767678 0 0 0.256772 | 0.19117 0.774393 0

18 1.03603 | 1.003914 | 0.260001 0.260001 | 0.256772 | 0.136344 1.007224 0

19 0.12095 | 0.094136 | 0.033767 | 0.033767 | 0.256772 | 0.042228 0.514707 0

20 1.03603 | 1.003914 | 0.873856 | 0.873856 | 0.256772 | 0.136344 1.576139 1.266418

21 1.340551 | 1.340551 | 0.98877 0.98877 | 0.256772 | 0.256772 1.637063 5.932558

22 1.340551 | 1.340551 | 0.231258 0.231258 | 0.256772 | 0.256772 1.394285 0

23 1.340551 | 1.340551 1.07141 1.07141 0.256772 | 0.256772 1.605513 4.507872

24 1.340551 | 1.340551 3.1438 3.1438 0.256772 | 0.256772 1.522963 25.32321
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Yvo
Year Domestic (MCM) Environmental (MCM) | Industrial (MCM) | Evaporation Spill
Demand | Supply Demand Supply Demand | Supply (MCM) (MCM)
25 1.340551 | 1.340551 | 0.462793 | 0.462793 | 0.256772 | 0.256772 1.634256 0.930881
26 1.340551 | 1.340551 | 1.227909 | 1.227909 | 0.256772 | 0.256772 1.540425 7.953026
27 1.340551 | 1.340551 | 0.489902 | 0.489902 | 0.256772 | 0.256772 1.769264 1.171823
28 1.340551 | 1.340551 | 0.332031 0.332031 | 0.256772 | 0.256772 1.652615 0
29 1.340551 | 1.340551 | 0.307547 0.307547 | 0.256772 | 0.256772 1.682522 0
30 1.081186 | 1.081186 | 0.443556 0.443556 | 0.256772 | 0.256772 1.586649 0.142184
31 1.340551 | 1.340551 | 0.254079 0.254079 | 0.256772 | 0.256772 1.200982 0
32 1.03603 | 1.035405 | 1.057369 1.057369 | 0.256772 | 0.136344 1.624939 5.419122
33 1.340551 | 1.340551 | 0.668513 0.668513 | 0.256772 | 0.256772 1.695043 2.681584
34 1.340551 | 1.340551 | 0.208422 | 0.208422 | 0.256772 | 0.256772 1.380601 0
35 1.03603 | 1.03603 | 0.441692 | 0.441692 | 0.256772 | 0.256772 1.644799 0
36 0.546601 | 0.546601 | 0.00225 0.00225 | 0.256772 | 0.19117 0.827523 0
37 0.692817 | 0.6607 0.8519 0.851663 | 0.256772 | 0.065603 0.907927 0
38 0.032117 | 0.032117 | 0.013757 0.013757 | 0.256772 | 0.126274 0.514112 0
39 0.564261 | 0.532144 | 0.181918 | 0.152266 | 0.256772 | 0.049487 0.765454 0
Annual 1.043 1.036 0.551 0.549 0.257 0.202 1.29 2.085

(Joo dlu YA gloj 0,50 Jobo ,0)
Table 12. Annual average volume of water demand, supply, evaporation and overflow of Sena Dam in million

cubic meters
(During the 39-year period of the model)

Year | Environmental (MCM) | Agricultural (MCM) | Evaporation Spill
Demand Supply Demand | Supply (MCM) (MCM)
1 0 0 0.496623 | 0.14657 0.031786 0
2 0.481873 | 0.481873 | 0.496623 | 0.257243 0.334758 3.440364
3 0.278166 | 0.278166 | 0.496623 | 0.496623 0.397288 1.604936
4 0.711612 | 0.711612 | 0.496623 | 0.483117 0.406377 7.492525
5 0.239269 | 0.239269 | 0.496623 | 0.496623 0.390696 1.43705
6 0.581979 | 0.581979 | 0.496623 | 0.476012 0.315967 5.360244
7 2.137074 | 2.137074 | 0.496623 | 0.496623 0.363046 24.99201
8 2.084471 | 2.084471 | 0.496623 | 0.496623 0.300045 26.57746
9 0 0 0.496623 | 0.341605 0.05147 0
10 1.056149 | 1.056149 | 0.496623 | 0.224932 0.305936 6.822792
11 0.030018 | 0.030018 | 0.496623 | 0.476096 0.271872 0
12 0 0 0.496623 0 0 0
13 0.134825 | 0.134825 | 0.496623 | 0.224932 0.343109 0.360049
14 0.93679 0.93679 | 0.496623 | 0.496623 0.372739 8.601196
15 1.15804 1.15804 | 0.496623 | 0.496623 0.371751 12,5174
16 0.786133 | 0.786133 | 0.496623 | 0.410536 0.372907 4.185241
17 0 0 0.496623 | 0.307251 0.064564 0
18 0.21499 0.21499 | 0.496623 | 0.307779 0.362806 0.980055
19 0.82164 0.82164 | 0.496623 | 0.495432 0.359305 6.550195
20 0.895778 | 0.895778 | 0.496623 | 0.496623 0.434835 7.020033
21 1.467016 | 1.467016 | 0.496623 | 0.496623 0.407753 18.36274
22 0.405692 | 0.405692 | 0.496623 | 0.467995 0.432769 0.568353
23 1573187 | 1.573187 | 0.496623 | 0.496623 0.413214 17.51986
24 5.247626 | 5.247626 | 0.496623 | 0.496623 0.376256 43.62955
25 0.748618 | 0.748618 | 0.496623 | 0.496124 0.403671 5.444978
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Year | Environmental (MCM) | Agricultural (MCM) | Evaporation Spill
Demand Supply Demand | Supply (MCM) (MCM)
26 1.529959 | 1.529959 | 0.496623 | 0.496623 0.381905 20.89052
27 1.078605 | 1.078605 | 0.496623 | 0.488394 0.432666 2.944008
28 0.382981 | 0.382981 | 0.496623 | 0.496623 0.429255 2.570579
29 0.445616 | 0.445616 | 0.496623 | 0.496623 0.428954 3.260957
30 0.595155 | 0.595155 | 0.496623 | 0.338792 0.383901 3.187033
31 0.089047 | 0.089047 | 0.496623 | 0.496623 0.417173 0
32 1.614864 | 1.614864 | 0.496623 | 0.496623 0.419048 19.00465
33 0.917919 | 0.917919 | 0.496623 | 0.496623 0.415896 10.02028
34 0.255203 | 0.255203 | 0.496623 | 0.496623 0.409767 1.544052
35 0.606796 | 0.606796 | 0.496623 | 0.419026 0.400561 4.503299
36 0.02635 0.02635 | 0.496623 | 0.394155 0.122825 0
37 1.238486 1.238486 | 0.496623 | 0.121849 0.322403 2.017865
38 0.000621 | 0.000621 | 0.496623 | 0.349649 0.081232 0
39 0.129738 | 0.129738 | 0.496623 | 0.257243 0.346066 0.279404
Annual 0.792 0.792 0.497 0.408 0.33 7.018
.
A
10
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Fig. 9. The months of the Kardeneh drinking water wells being on or off during the statistical period of 39

years

(both wells on = 1 and both wells off = 0)
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Fig. 10. Monthly average percentage of volume supply of drinking, environmental and industrial agricultural

water from Kardeneh dam
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Fig. 11. Monthly average percentage of volume supply of environmental and agricultural water from Sena

Dam

1.60

1.40

1.20

1.00

0.80

Volume (MCM)

0.60

0.40

0.20

0.00

Dec Jan Feb Mar Apr ay _JEn HI AEg gep

ct Nov
—— Average water supply | 0.19 0.17 0.26 0.24 0.22 0.08 0.13 0.08 0.09 0.09 0.10 0.15
——Average Spill 0 0.05 0.46 0.94 0.47 0.12 0.05 0 o 0 o 0
—4— Average rounoff 0 0.36 1.51 1.48 1.32 0.29 0.18 |2.08E-05 0 0 0 0

coSa o aekis e 5 43,15 as O el S w5 30, e colily,y o ailale (puSilee N Y S
Fig. 12. Monthly average volume of runoff, overflow and total water supply volume of Kardeneh dam in

million cubic meters


http://dx.doi.org/10.22034/JEG.2023.17.2.1019711
https://ndea10.khu.ac.ir/jeg/article-1-3100-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-05-26 ]

[ DOI: 10.22034/JEG.2023.17.2.1019711 ]

e slada O by e 3L e YVA

4.00
3.50 /,\
/i —
2.50
s 2.00 / / \\
=}
E— 1.50 // \\
TE, 1.00 J/ \\
] A.Z—I—".—H\XXF
0.50
0.00 i —i i——
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
——Average water supply| 0.10 0.14 0.26 0.27 0.22 0.13 0.09 0.01 0.00 0.01 0.01 0.05
——-Average Spill 0.00 0.73 3.13 2.67 2.67 0.44 0.23 0.00 0.00 0.00 0.00 0.00
—¢—Average rounoff 0.00 0.89 3.66 3.12 3.09 0.54 0.31 0.00 0.00 0.00 0.00 0.00

CaSe fia (ygeee s L s OF nels JS o 5 305 ey o ailale (nSile Y S8
Fig. 13. Monthly average volume of runoff, overflow and total water supply volume of Sena dam in million
cubic meters
S dom
2lios g bl jo @l e b (Brd g Eaeyy Ol e )0 @Bl L g 40)15 s aallla 3590 03902xa
5 JUl 5 gy s JS 5 (55l i S S 5 e abe o 15 (xS ie (yselen FITA Jloi amn b 605 s
Ogakee VIV Jloyi o2 b L s ci)l57 aw e (s 50 il oo dilate (65,5liS 5 0y Blan cu o] @y
il oo S9zge ailaie 55,5laS Bilas cuz ol @i 5 JE 5 alhg, s S5 5 ilue pd Car S e
&l ks el ol 1 iaus 8 e o 1SSy ol slasls Tol ¢ Jlgie w90 ol ol wolie (550,40l 5 g
3guaS Cannsly g0 S oyl Al o (WS) Sriio (65,5l (F 5 Cann) daoee (V oy (V Couglgl cud i 4y s )15 o
Gy b () Zasll i & L oo o] slojls (e gl e 35 1, VYO Jlo b ggn 5 b oy
Sz 335 ool gy 5 s 99 50 (gl o VENSIM l38la 5 5l oolinl b aws (g3l oo il oo (55,5LaS (Y
dnlio (3P e odd odslice Sledbl b (g5luacd bl ¢ ol giludos oleas 4 L o Tal (Jow Coro (s
S P e ol odslive g odl (gilwdd polde ol doyo A VL) Jow Gl bl 1 ey 9o S
eSS T o3Il s 43,15 a5 o8 O el S Tas a5 jledie dugny g G g3 ,p (Suils 3939 Liw
CaSo 5o YO oo b oyt Ol ol dil> 0 puizman ol 00s0 5 Llod Jow 4o (lIU/SEC YY) Gy Ol 450 algl Las
033,531y o 028 ST LS el 4,38 &l s a5 liole 13 0yt Ol 39S 1, e siledie 53 59, 2
Soles yo a5 85 bl gildae gyl 1B je sl 9w a8 S I 50 (e gl A bl (nl 2l
5 Comty e w08 lajls o el 2oyd el (nl B 4185 L ) gl plyie 4 edid gl
@ 4,5 o 5l ksl Sl u...al; Qoo izmen g AYIVE 9 ARI0 AVIFF o5 5 4y 0,5 s Jxio (5 5laS
4 bew v (65,0liS 5 Sy Lame lals o> u...al; Aoy puitred ..ul.:u_a o, AYIYY AFI0A AVIYE s
BB osgaze jo aS abl oo o 0 AF/FY e s 5w Lw a5l sl ol Sl Q..dol.. Qo0 g AVIFA g Ve Sy

il ¥ oslad parast asbpllss bl » 5508 &l35 Jord


http://dx.doi.org/10.22034/JEG.2023.17.2.1019711
https://ndea10.khu.ac.ir/jeg/article-1-3100-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-05-26 ]

[ DOI: 10.22034/JEG.2023.17.2.1019711 ]

Yva \\‘~\‘Q@UYé)w;@m&.fx@fu;gjqﬁd

‘S;‘O)Jﬁ

o, Ken plo 5 Gaios SMbl as Caz )8 Sy sl peiige S50 e 5l Alie (l Gy
S omizmen e 1) (Sloja8 5 Sas JoS (5,06 1S 5 (S ypes 58 (LBT Cliz ohgr Gz onl sl 5o plav]
ot ool sl (gl ol adgl Sledlbl ol 13 JLis o Caz jeds gladlaie O polgew 2555

&lw

ST e dloe - s (2l (g 0 pgliieniz (il 5l 65l 0 e il e e Ol oE (e ¢ o SlioS Gt
FO-0V asao AVAL VY o)Ll (piin Jlo ¢ guwaige o

Saaligs Judow g, 5l eolanwl b oM J 5057 jolaie 4y (550 51 (6,00 10 40 (g 5ladone ¢ e o 12 9 ] c mmeiio gl ¢ e Bolo
AYAY ‘u:.:),w ‘SAMO olKisls ‘u|)4.c ‘SAA}W LSLG o)i;S U“Jj‘ . W

‘52._@ ouSiials ‘U‘)"‘ UT é:L..A u.i).:d.o Yl w‘]bs U'J5| . 6}[.9).) 6))"‘ ..\..Jy W Lsxl.xy LQ)L.:W g& a)LM._‘)| )P ‘LSIM}
c ol QLT YY=YE AYAY (ol (o s olKiiilo
TYASVY aman AYAD guMAAL‘J

aolilas ¢ EVEWER b;l.sy w99 l; ).s)j dog> O g.j éaL..n )‘ 6)‘.),30,&4 6LD&ML&.~J J...L?u o e S o st‘ o sul...lf

Canlows (908 gz S aigs 665 Jlosl b zmoly G550t pims SLgy (g 5led o wp o alé 1o ey (6 )lao o yp LS 938
VY asans AYASR Y O)Lo.w ‘l)‘)”‘ A_)." @L».A A_)LD.JL‘?L‘I‘ ¢ 6)|°f°)-€f

Jlos omiige 10 (gjladoe dloee ¢ sz oy o 039381 b5l 5 ol wolie (1S 0l (s5ladoe g o580 el g0 15T ez (see
JAA-TYA asao AVAY DO o,leds (o003l

Ol g oo jakiie a4 ) O] § o e Sbig il 5w ( oYLBT e gal o )8 enp ¢ sole]
Y i ATAY ) o leds FF Al i) Lo g )l jes awdigee 4y i« (SIS a 160 50 axllas)

ladilsg; (oo Sy (90 dmmiloe Sloghy) (o) o o Olygiold ) p (SOKe L (omg o 9 (S gwe S o S
5 6309 ple oKails ol plie ol o pde (o Gl (raages ¢« (LS sl 50 @l By 4il5-0g, (69,50 anlllas
Ol ey VA=Y AV (g )lh mnd mlie

AYAY o (905 5 andllas ylojl ¢ Cugd s 3 Jgol thgy (SUapimms oy cdsid
Ahmad, S., Simonovic, S.P. System dynamics modeling of reservoir operation for flood management, Journal
of Computing in Civil Engineering, vol. 3, 2000, pp. 190-198.
Ashofteh, P.S., Bozorg Haddad, O., Akbari-Alashti, H., Marino, M.A. Determination of irrigation allocation
policy under climate change by genetic programming. American Society of Civil Engineers, 2014,
04014059, pp. 1-12.


http://dx.doi.org/10.22034/JEG.2023.17.2.1019711
https://ndea10.khu.ac.ir/jeg/article-1-3100-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-05-26 ]

[ DOI: 10.22034/JEG.2023.17.2.1019711 ]

L glade O Sligy e S5 Je YA

Chen, C. H,, Liu, W. L., Liaw, S. L. Development of a Dynamic Strategy Planning Theory and System for
Sustainable River Basin Land Use Management. Science of the total Environment, 2005, vol. 346 (1), pp.
17-37.

Ghashghaie, M., Marofi, S., Marofi, H. Using system dynamics method to determine the effect of water demand
priorities on downstream flow. Water Resource Management, vol. 28, 2014, pp. 5055-5072.

Keyes, A. M. and Palmer, P.N. The role of object-oriented simulation models in the drought preparedness
studies. Proc., 20thAnnu. Int. Conf., Water Resources Plan. And Manage. ASCE, Seattle, Washington,
1993, pp. 479-482.

Kotir, JH. Smith, C., Brown, G., Marshall, N., Johnstone, R.. A system dynamics simulation model for
sustainable water resources management and agriculture development in the Volta river basin, Ghana.
Science of the Total Environment, vol. 573, 2016, pp.444-457.

Madani, K., Marino, M.A. System dynamics analysis for managing Iran's Zayandeh-Rud river basin. Water
Resources Management, vol. 23, 2009, pp. 2163-2187.

Sterman, J. D. Business Dynamics. McGraw-Hill, Boston, 2000.

Simonovic, S.P., and Fahmy, H. A new modeling approach for water resources policy analysis. J.Water
Resources Research, vol. 35(1), 1999, pp. 295-304.

Simonovic, S. P., Rajasekaram, V. Integrated analyses of Canada's water resources: A system dynamics
approach. Canadian Water Resources Journal, vol. 29(4), 2004, pp. 223-250.

Yang, J., Lei, K., Khu, S., Meng, W., Assessment of water resources carrying capacity for sustainable
development based on a system dynamics model. Water Resource Management, vol. 29, 2015, pp. 885-899.

Zarghami, M., Amir Rahmani, M., Toward effective water diplomacy by using system dynamics: Case study.
The 33rd International Conference of the System Dynamics Society, Cambridge, Massachusetts, USA,
2015.


http://dx.doi.org/10.22034/JEG.2023.17.2.1019711
https://ndea10.khu.ac.ir/jeg/article-1-3100-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-05-26 ]

[ DOI: 10.22034/JEG.2023.17.2.1019711 ]

Journal of Engineering Geology, Vol. 17, No. 2, Summer 2023 281

Dynamic systems modeling of consecutive multi-purpose reservoir dam by using
Vensim software

Somayeh Zarei Doudeji*?, Rahim Bagheri?, Hadi Jafari®

1. Assistant professor, hydrogeology and environmental geology group, Earth science faculty, Shahrood
University of technology, Iran
2. Associated professor, hydrogeology and environmental geology group, Earth science faculty, Shahrood
.University of technology, Iran
3. Associated professor, hydrogeology and environmental geology group, Earth science faculty, Shahrood
.University of technology, Iran

Received: 12 Jul 2023 Accepted: 31 Aug 2023

Abstract

The science of system dynamics is a management tool capable of simulating complex systems in
water resources. In this research, the model of the dynamic system of multi-purpose consecutive
Kardeneh-Sana dams located in Bushehr province has been simulated. The purpose of this
modeling is to realize the different needs of the dam (drinking, environment and industrial
agriculture) before its construction and also to investigate the effect of construction of the
upstream dam on the supply of the downstream dam. The results were studied after calculating
the annual and monthly percentage of volume and time supply of the different needs and source
of supply, as well as considering two drinking water wells to provide drinking water in the months
when the dam is not able to provide drinking water and the maximum The discharge of the current
drinking water pipeline of the region was carried out. Six management scenarios were considered
for modeling, and finally the sixth scenario was considered as the most optimal scenario. In order
to evaluate the model, the simulated values were compared with the observed values of the water
volume of Sana Dam. The results indicate that the volume supply of drinking, environment and
industrial agriculture needs of Kardeneh Dam is 97.66, 96.59 and 82.76 respectively, and also the
volume supply of environment and agriculture needs from Sana Dam is 100, 48 respectively. It
is 83.0%, which is within the acceptable range of the Ministry of Energy. Based on this research,
it was determined that by modeling based on model evaluation indicators including percentage
of volume supply and percentage of time supply of different needs, it is easy to determine the
effect of management and exploitation policies on the way of determining and allocating
resources. Water observed and made the most optimal decision.

Keywords: modeling, multi-purpose dams, dynamic system, successive dams, Vensim
software

Introduction
Water is the source of movement, life, a valuable and irreplaceable agent in the economic and social
development of countries, and its central role in land preparation, infrastructure development and
preservation, balance and stability of the ecosystem and environment cannot be denied. The lack of
water in Iran has made its supply difficult in many areas of the country and has gradually increased
its dimensions. On the other hand, the occurrence of recent droughts has further fueled this crisis. In
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the arid regions of Iran, dams, as the largest man-made structures and the largest artificial lakes, are
one of the most important ways to access a huge volume of fresh water, and the positive consequences
of their construction are in various forms, including economic, industrial, agricultural prosperity or
Even the social development and growth for the people of a region or a country or in some cases is
over a wide area of several countries (Sterman, 2000). In addition, the construction of the dam without
preliminary detailed studies can have negative effects such as not meeting the needs of drinking,
industry and agriculture in the region, the destruction of water quality in the dam reservoir, or the
environmental effects caused by the reduction or elimination of runoff downstream of the dam
(Sheikh Khozani et al., 2010). One of the powerful management tools that many have used in recent
years to simulate complex water resource systems is the dynamic system method. This method, which
is a mental model and a simulation method, and is used to study the dynamic behavior of various
complex systems in the fields of civil engineering, water resources, and groundwater, is an object-
oriented and feedback-based method (Sterman, 2000). In fact, the system dynamics method pays
attention to the dynamic relationships between the quantitative and qualitative characteristics of water
and even socio-economic issues, and the desired system can be easily simulated without the need for
complex mathematics (Sterman, 2000).

Materials and Methods

Study area
The study area is Kardeneh and Sena dams close to Khormoj city, 80 km southeast of Bushehr city,
located in Bushehr province and Khormoj city. The geographical coordinates of the dam catchment
area include 35 ° 51 "to 45 ° 51 ' east longitude and 31 ° 28 ' to 28 ' north latitude, with an area of
about 9291 hectares. The average height of the area is about 817 meters above the open sea level. The
distance of this area is 45 km from Khormaoj city and 95 km from Bushehr city. The climate of the
area is dry and desert and lacks coherent vegetation. The average annual rainfall of the region is 250
mm and the minimum and maximum annual temperature of the region is 7 and 50 degrees Celsius,
respectively. The cities and villages in the area include Khormouj, Lawer and Kardeneh. Access to
the area is possible through the Siraf highway, Khormouj-Kangan area, and the asphalted road on
Shabaneh.

Model structure
The purpose of modeling in this research is to create and develop a simulation model to understand
the behavior of consecutive dams and its dynamics, and also to provide solutions to optimize the use
of two consecutive dams. Kardeneh and Sena dams are located in Bushehr province and Khomoj city.
The Kardeneh Dam is in the study phase and upstream of the Kardeneh Dam and the Sena Dam is in
operation and downstream of the Kardeneh Dam. The purpose of the construction of the Kardeneh
Dam is to store and control the flood of the river and to transfer and distribute it for drinking purposes
and industrial agriculture in the region by releasing the water needed by the environment. The purpose
of this research is to model the consecutive dams of Kardeneh and Sena in order to optimize their
exploitation in such a way that the lack of drinking needs of Khormouj city and Laver village complex
in the horizon of 1425 will be provided from the Kardeneh dam, in addition to the environmental
needs of the river and industrial agriculture. (greenhouse) downstream should also be considered from
the volume of the reservoir of the Kardeneh dam. Also, considering the fact that the Kardeneh Dam
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will be built upstream of the Sena Dam and the water withdrawal from it affects the entrance of the
Sena Dam and meeting its needs, the effects of water withdrawal from the Kardeneh Dam in meeting
the needs of the Sena Dam in its downstream should also be considered. It should be noted that the
Sena dam with a reservoir volume of 1.2 million cubic meters was built and put into operation in
2013. The height of this dam is 20 meters and the length of its crest is 200 meters. Kardeneh Dam is
considered to be on one of the branches of the inlet runoff of Sena Dam and upstream of it, and it is
in the study stage. There is already a pipeline to transfer the water from the Kardeneh Dam to the
place of consumption, which is capable of transferring water at a maximum of 73 liters per second.
Due to saving costs and using the same existing transmission line, the capacity of this pipeline was
added to the model as a maximum water withdrawal from the Kardeneh Dam.

In this research, the modeling of Sena dam was done alone and validated, and then the model of
Kardeneh dam was added to predict the performance of Kardeneh dam and its effect on the reservoir
of Sena dam. Finally, different management scenarios were considered and the modeling results were
evaluated in each scenario.

Based on the available information, runoff is available in the statistical period of 39 years (from 1361-
1362 to 1400-1399), which was used in the calculations related to the modeling of the water resources
of the Kardeneh-Sena dams. According to the dam designs and the annual flow volume, the normal
volume of the Sena dam is 1.2 million cubic meters and the Kardeneh dam is 28.4 million cubic
meters, in order to be applied in the planning and management of water resources.

According to Figure 5, the inlet runoff of Sena Dam includes two main branches. One is the Kardeneh
aqueduct and the other is the second aqueduct. The general structure of Kardeneh-Sena dams
modeling is shown in Figure 2. As can be seen in Figure 2 and mentioned earlier, at first, without
considering the construction of Kardeneh Dam, Sena Dam is modeled alone. Therefore, in the model,
the construction factor of Kardaneh Dam (this factor is binary and has two states of zero and one) is
considered zero. The construction factor of Kardeneh Safar means no construction of Kardeneh Dam
and only the presence of Sena Dam, which has affected the runoff entering Sena Dam, and the entire
runoff of both branches of the waterway that reach Sena Dam is considered as the entrance to Sena
Dam. (Figure 5) If the construction factor of the Kardeneh dam is one, it means the presence of both
the Kardeneh and Sena dams, in which case the inflow of the Sena dam is equal to the total overflow
of the Kardeneh dam along with the volume of water supplied to the environment of the Kardeneh
dam (which is for aquatic life in the downstream release) and the runoff is from the second waterway
(Figure 5). Therefore, in the first case, the construction factor of the Kardeneh dam is considered zero
and the Sena dam is simulated alone. The results of this simulation are compared with the observed
data of the reservoir volume of the dam and the validation of the model is checked. If the model
results do not agree with the observed information on the volume of the Sena dam reservoir, this step
is repeated again until the model finally reaches the desired result and becomes valid (modeling
results are consistent with observations). Then, the construction factor of Kardeneh dam is considered
equal to one, and the modeling of Kardeneh-Sena dams is done simultaneously, and finally, different
management scenarios of these dams are applied in the model, and their results are compared and
evaluated for decision making.

Results and Discussion
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In this research, the modeling of the Sena and Kardeneh dams was done in two stages, considering
that the Sena dam has been built and has reservoir volume data, but the Kardeneh dam is in the study
stage and has not been built. In the first stage, the Sena dam was modeled alone and the model results
were evaluated and validated with real data. In the second stage, Kardeneh dam was also added to the
modeling and both dams were continuously modeled.

The simulation of both dams has been done in a statistical period of 39 years and with a monthly time
step (in 864 months), the overview of which is given in Vensim software in Figure 6. The water
allocation priorities of Sena dam include: 1) environment and 2) agriculture, and the water allocation
priorities of Kardeneh dam include: 1) drinking, 2) environment and 3) industrial agriculture
(greenhouse). Figure 6 shows an overview of the modeling of Kardeneh and Sena dams in the Vensim
software environment. This model is capable of continuous modeling of both Kardeneh and Sena
dams, as well as modeling of each of these dams alone, considering the construction factor of
Kardeneh dam in Figure 6. If the construction factor of the Kardaneh dam is set to zero in the model,
the Kardaneh dam model is removed and only the Sena dam is modeled, and if the construction factor
of the Kardaneh dam is set to one in the model, the model models both dams continuously. slow
As mentioned earlier, in order to validate the model, first, in the modeling, the construction factor of
the Kardeneh Dam was considered zero and the Sena Dam was modeled alone (based on the flowchart
in Figure 2). Then, the modeled reservoir volume results are compared with the observed reservoir
volume of Sena Dam and verified. As mentioned earlier, autocorrelation function, root mean square
error and Mesh-Sutcliffe criterion were used for validation, and their values are 0.9137, 0.0492 and
0.9099, respectively, which indicate the excellent suitability of the model. be One of the reasons for
this high efficiency is the lack of visibility of leakage (or very little leakage) from the reservoir of the
dam. After determining the correctness of the model, the construction factor of Kardaneh dam is
considered one and both dams are modeled continuously. The results of verification of the water
volume of the Sena Dam reservoir (in the first stage, without considering the Kardeneh Dam
upstream) are available in Figures 7 and 8. As seen in Figures 7 and 8, the model is capable of
simulating the Sena dam with an accuracy of more than 90% (Figure 8). In Figure 7, the annual
average runoff and overflow of the Sena dam reservoir is also given. As can be seen, Sena dam is
able to store a very small part of the incoming runoff due to the small volume of the reservoir and
large amount of sediment, and the major part of the runoff exits the dam as an overflow. Therefore,
it is suggested that in order to make better use of the passing runoff in the downstream sections of the
Sena Dam, the feasibility of building a new dam should be done.

After validating the modeling results, the construction factor of Kardaneh dam is placed in model one
so that both dams are continuously modeled. Figure 6 shows the general scheme of dam modeling.

Conclusions
The study area consists of Kardeneh and Sena dams located in Khormouj city, south-east of Bushehr
city, Bushehr province. The Kardeneh Dam, with a normal volume of 4.28 million cubic metres, is
under study for the storage and control of river floods and their transfer and distribution for drinking
and agricultural purposes in the region. Downstream of the Kardeneh Dam is the Sena Dam with a
normal volume of 1.2 million cubic meters for storage and control of river flood and its transfer and
distribution for agricultural purposes in the region.In order to plan the water resources of these two
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successive dams, the water needs of each dam were first determined. Based on this, the water needs
of Kardeneh dam are prioritized in order of 1) drinking, 2) environment and 3) industrial agriculture
(greenhouse). This dam should supply the drinking water shortage of Khormouj until 1425. Also, the
water needs of Sena Dam are prioritized in the order of 1) environment and 2) agriculture. Dam
modeling was done continuously using Vensim software for both dams. In order to determine the
accuracy of the model, first the Sena dam was modeled alone and the simulation results were
compared with the observed information of the reservoir volume. After ensuring the correctness of
the model (there was more than 90% similarity between the simulated and observed values of the
reservoir volume of the Sena Dam), both dams were continuously modeled. The maximum supply of
drinking water from the Kardeneh dam is included in the model as the maximum tension of the
existing drinking water pipeline (73 lit/sec). Also, two drinking water wells with a flow rate of 259
cubic meters per day have been included in the modeling to solve the lack of drinking water in the
months when the Kardeneh dam is not able to meet the drinking water needs. Based on this, six
management scenarios were considered and modeling was done for all six scenarios, and finally the
sixth scenario was considered as the best scenario. Based on this, the volume supply percentage of
drinking, environment and industrial agriculture needs of Kardeneh dam is 97.66, 96.59 and 82.76,
respectively, as well as the time supply percentage of these needs from Kardeneh dam is 97.36, 96.59,
34 respectively. It is 82%. Also, the volume supply percentage of environmental and agricultural
needs of Sena dam is 83.48 and 100, respectively, and the time supply percentage of these needs from
Sena dam is 84.41 and 100 percent, respectively, which is within the acceptable range of the Ministry
of Energy based on the allocation system.
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