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Abstract

This paper deals with developing a hydro-economic
simulation-optimization model for optimal design of water
resource development projects and policies of Helleh
(Shapoor-Dalaki) River Basin, located at south of Iran, over a
long-term planning horizon. We employed Particle Swarm
Optimization (PSO) coupled with a simulation model which is
a combination of WEAP water allocation software and three
computational modules for soil and water salt routing at basin
scale, crop yield production, and economic analysis. Finally
we applied the developed simulation-optimization model to
optimize infrastructural projects and measures, e.g.
construction of dams and irrigation districts and utilization of
modern technologies, and also operation policies, e.g.
irrigation and leaching strategies, reservoir rule curves, and
water allocation priorities. Model application results suggested
construction of Chorom, Dalaki and Nargesi dams with normal
water volumes equal to 43.5, 305.5 and 76.8 million cubic
meters, respectively. In spite of economic efficiency of the
optimal solution achieved (18% enhancement of net benefit),
the associated economic value of water was reduced with
respect to business-as-usual condition. Also optimal irrigation
and leaching strategies led to 35% reduction in total gross
irrigation requirement under development condition.
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Tablel- Economic data of the projects (Ab Toseye Paydar, 2016; Tamavan, 2014a; Tamavan, 2015)
(Tamavan, 2015; Tamavan, 2014a; ATP, 2016) Wojg » (goLadl OleMbl -) Jgun

Project . . . O&M cost
Variable Capital cost function (% of capital cost)
Nargesi dam NWV** 31893.45xNWV+24181.99 1
Dalaki dam NWV 11358xNWV+132880 0.6
Chorom dam NWV 37428.2xNWV+408802.03 0.6
Gikh ID*- surface tech. A 375.81xA
Gikh ID- sprinkler tech. A 415.81xA
Dasht-e-Goor ID- tape tech. A 496.67xA+10000 15
Siah-Mansoor ID- surface tech. A 247.088xA 15
Siah-Mansoor ID- tape tech. A 352.94xA 15
Shabankareh ID- surface tech. A 241.379%A 13
Khesht ID- surface tech. A 165.94xA 1.3

*ID: irrigation district; **NWV: normal water volume; ***A: area

Table 2- Agro-economic data (Booshehr Regional Water Company; Ministry of Agriculture Jihad; FAO56)
(FAOS6 (135 ¢(5559LiS Sl 159 « poerigy (51 dbuio 1) (55,9WiS LBl glrodls -y Jgus

Crop K, Ym _b ECe threshold I_Drice Produption Cost
(kg/ha) (Unitless) (ds/m) (Rial/Kg) (Rial/Kg)
Palm date 0.8 7400 3.6 4 11850 3500
Wheat 1.05 2700 7.1 6 10500 4640-6690
Sorghum 0.9 50000 16 6.8 1100 900
Water melon 1 36000 16 2.5 2000-2200 1110-2200
Tomato 1.1 39400 9 1.7 3000-3500 2530-2590
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Table 3- Goodness-of-fit measures for hydrological simulation
S99y Silwand 4 baryo il (2855 S kre T Jga

Quantity Measure Kolal Saedabad Jareh bala
RMSE 7.21 14.8 10.9
Discharge (m3/s) R? 0.78 0.7 0.76
NS 0.75 0.66 0.74
RMSE 112.03 119.6
TDS (mg/l) R? 0.56 0.52
NS 0.2 0.21
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Table 4- Optimum values of irrigation and leaching decision variables
2l 9 (Syll A g2 po mmenal (S o i Sieler T o

Area Sintv St Sleach Demand
Lands Technolo Cro g BML NML
d P (ha) %) ) ) (mem/yr)
Khesht Surface Palm 1856 467 715 0 0 0 33.58
Wheat 8875 526 756 O 0 0
Sorghum 147.9 46.4 744 678 8 3
Khesht Surface Tomato 2058 385 502 719 5 3 4.6
watermelon 1479 443 763 0 0 0
Wheat 467.3 469 469 939 9 3
Sorghum 116.8 62.5 625 964 7 1
Dasht-e-goor  Tape Tomato 3505 69.8 698 905 7 2 3.14
watermelon  233.7 57.6 576 635 10 1
. Surface Palm 85 421 726 O 0 0
Siah Mansour .., Palm 939 308 308 0 0 0 6.24
Wheat 3308 582 891 O 0 0
Surface Sorghum 66.2 37.9 746 741 7 1
Tomato 1985 316 663 841 5 1
. watermelon  66.2 309 694 O 0 0
Siah Mansour Wheat 1019 75 75 0 0 0 9.21
Tane Sorghum 203.8 523 523 741 7 1
P Tomato 611.6 74.3 743 841 5 1
watermelon 203.8 61.7 61.7 O 0 0
Wheat 3250 382 828 868 2 1
Shabankareh  Surface Tomato 6037 382 779 857 9 1 29.26
Abpakhsh Surface Palm 10000 357 732 O 0 0
Dalaki Surface Palm 8400 427 638 0 0 0 289.4
Vahdatieh Surface Palm 750 488 75 0 0 0
300 50.4
Dehghaed Surface Palm 5 777 0 0 0 9.44
Dehghaed Surface Wheat 1800 501 841 871 8 1 13.86
Eg;ﬁ's" water o ace Wheat 1500 518 733 655 11 3 4.87
Kolal Surface Palm 1250 323 748 0 0 0 27.86
Mohamadi Surface Wheat 3000 395 503 0 0 0 3.12
Helleh water 5000
right Surface Wheat 448 965 0 0 0 14.71
Wheat 362.8 408 523 663 8 2
Surface Sorghum 90.7 36.2 654 832 8 1
Tomato 1814 356 658 879 6 2
. watermelon  90.7 37.7 51.1 84 4 2
Gikh left bank Wheat 303 331 427 663 8 2 1213
. Sorghum 98.2 30.3 868 832 8 1
Sprinkler Tomato 1965 489 739 879 6 2
watermelon  98.2 369 488 841 4 2
Wheat 901 30.1 494 761 8 1
Surface Sorghum 225.3 41.7 53.7 O 0 0
Tomato 4505 354 711 O 0 0
Gikh Right Watermelon 2253 431 652 0 0 0 477
bank Wheat 901 42.3 499 761 8 1 '
Sprinkler Sorghum 2253 411 659 0 0 0
P Tomato 450.5 44,7 851 O 0 0
Watermelon 2253 301 568 0 0 0
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Table 5- Comparing business-as-usual and development conditions
(Jl) 3)blee) dxwgi 9 Z5b (g oyl byl ool cumnilio -0 Joua

Items Business as usual Development
Agricultural Benefits 19824 26997

M&I Benefit 0 8532

Dams’ Construction Costs 0 8112

Dams’ O&M Costs 29 781
Irrigation Districts’ Construction Costs 0 3876
Irrigation Districts’ O&M Costs 282 903

Total net benefits 19514 21858
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Fig. 4- Economic value of irrigation water at basin scale for a) first scenario, b) second scenario c) third
scenario
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Table 6- Sensitivity analysis on obtained economic results of development condition (values are in Billion
Rial)
(Wbl oo JUy 35lbes cows g9 395l0) drawgd bl g 51 Jols (g3l 2wl Comluws Juloi —F Jgus

Scenario Cost  Pricema®  Priceacr® 1*=7% = 8% = 10%
3Dams® BaU’ 3Dams BaU 3Dams BaU

1 cte? cte cte 21857 19513 19301 18354 15248 16480
2 cte -10% cte 21004 19513 18529 18354 |« 14602 16480
3 cte -20% cte 20151 19513 | 17758 18354 13956 16480
4 cte cte -10% 19157 17531 16797 16491 | 13056 14809
5 cte cte -20% 16458 15548 | 14293 14627 10864 13137
6 cte -10% -10% 18304 17531 | 16026 16491 12410 14809
7 cte -20% -20% 14751 15548 12750 14627 9572 13137
8 +10% cte -10% 17790 17500 | 15452 16462 11743 14785
9 +10% cte -20% 15090 15517 12948 14599 9551 13114
10 +20% cte -10% 16423 17468 14106 16434 10429 14762
11 +20% cte -20% 13723 15486 11603 14571 8237 13090
12 +20% -10% -20% 12870 15486 10831 14571 7591 13090
13 +20% -20% -20% 12017 15486 10059 14571 6945 13090
141 cte cte \(IBVieat 19604 18522 | 17212 17422 13419 15644

1 special condition in which global price (GP) is considered for wheat =7150 Rial/Kg

2 cte: Constant; 3 M&I: Municipal and Industrial; * AGR: Agricultural; 5 i: discount rate
6 3Dams: solution with 3 dams; 7 BaU: business-as-usual

Grey cells are related to conditions for which 3Dams solution is not optimal.
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1- Particle Swarm Optimization
2- Variogram Analysis of Response Surface
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