oyl o aibie wlibios
Iran-Water Resources
Research

Conjunctive Use of Surface Water and
Grounwater for Optimal Water Allocation
From Reservoir Under Water Shortage (Case
Study: Yamchi Reservoir Dam, Ardabil)

A. Kanooni?*, S.M. Hashemi Shahedany?
and S. Anvari®

Abstract

In this research, a deterministic algorithm based on the Genetic
Optimization (GA) method was used for optimal water
allocation to different uses from surface and underground
resources in the operation of Yamchi reservoir dam in Ardabil
province. The objective function in the optimized model was
to maximize the profit of water allocated to the agricultural
sector according to the selected cropping pattern, and the
supply of drinking and environmental requirements were
considered as a constraint in the optimal model. The rainfall
and inflow to the reservoir are discretized due to their non-
deterministic property and then for different values of the
initial volume of the reservoir at the beginning of the operation
period and any logical combination of rainfall and inflow to
the reservoir (under the three scenario: minimum, normal and
maximum) the optimal model was implemented. The results
showed that in the minimal and normal scenario with
increasing the initial volume of the reservoir, the profit was
increased, but in maximum scenario, the initial volume of the
reservoir had no effect on the profit. The smaller the initial
volume of the reservoir the lower the relative yield of the
products, which was most evident in the minimum scenario.
Also, the amount of water allocated from groundwater
resources to agricultural sector varies from 3.1 to 7.9 MCM,
which corresponds to the potential for extracting water through
utilization wells.
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Fig. 1- Yamchi dam and irrigeition network map
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Table 1- Growing period (day) and economic parameters of cultivated crops in Yamchi irrigation network
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Stages(days) Max Yield leajrzgtel ng
Crop —— _ yield . .
initial  flowering formation  'Pening total (t/ha) (Rials/kg)
Wheat 30 140 40 30 240 6.1 12700
Barley 30 120 50 30 230 4.6 10000
Potato 20 25 55 40 140 36.0 6500
Bean 20 35 45 20 120 3.0 4500
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Table 2- Benefit of water allocated to agriculture sector (in Rials)
$3,9WS ity 4 O anass I Juols (JU)) 29w oo —Y Jgan

Initial volume Percentage of Scenario
of reservoir agricultural water .
(MCM) S?Jpply from dam Normal Max Min
40 100 1.539E+11 6.559E+11 1.393E+11
80 3.264E+11 6.813E+11 7.064E+10
50 100 4.331E+11 6.892E+11 1.541E+11
80 5.607E+11 6.925E+11 2.129E+11
60 100 6.104E+11 6.928E+11 3.638E+11
80 6.898E+11 6.949E+11 5.248E+11
70 100 6.907E11 6.940E+11 5.702E+11
80 6.898E+11 6.983E+11 6.819E+11
80 100 6.968E+11 6.983E+11 6.875E+11
80 6.986E+11 6.983E+11 6.875E+11
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Table 3- Relative yield of agricultural crops in different scenarios
Bl sgs w13 (5559UiS OY gaswe o 3,500s -T Jous

Initial  Percentage of Wheat Barley Potato Bean
volume of  agricultural
reservoir  water supply  Normal Max Min| Normal Max Min| Normal Max Min| Normal Max Min
(MCM) from dam
40 100 056 092 072 0.73 0.65 054 050 0.96 0.15 0.44 0.95 0.60
80 0.65 096 081 0.63 0.82 0.64 0.72 096 032 0.46 0.99 0.17
50 100 073 093 071 061 086 0.75 079 099 046 0.64 0.95 0.46
80 089 098 0.69 073 0.87 0.64 089 0.97 056 0.75 0.98 0.44
60 100 092 09 073 074 091 0.70 090 0.99 0.73 0.91 0.95 0.49
80 0.94 097 088 0.74 087 0.62 100 098 086 094 0.99 0.69
70 100 097 095 072 082 08 0.74 098 0.99 092 0.96 0.95 0.83
80 0.94 098 097 0.74 090 0.88 100 099 09 094 0.95 0.98
80 100 097 098 095 087 090 0.76 099 0.99 1.00 0.96 0.95 091
80 095 098 094 088 0.90 0.72 100 099 0.99 0.95 0.95 0.95
Table 4- Optimal water allocated to agriculture sector in different scenarios
Bliseo (GWgs L 53 (6559WeS S 4 dinge aBl awass O lade -F Jouo
Initial volume of reservoir Percentage of agricultural water Scenario
(MCM) supply from dam Normal Max Min

40 100 28.599 45.265 18.775

80 28.591 40.462 17.776

50 100 38.447 47.080 28.663

80 38.435 40.456 28.639

60 100 48.252 46.384 38.496

80 44.818 40.495 38.414

70 100 51.453 46.914 48.284

80 44.275 40.237 47.900

80 100 51.820 46.752 54.210

80 44.578 40.237 46.648
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Fig. 2- Allocable volume from groundwater to agriculture sector in different scenarios
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Fig. 3- The maximum objective function in the minimal scenario with initial reservoir volume of 50 MCM
and supplying 80% of agricultural sector requirement from the dam
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Fig. 4- The maximum of penalty function in the minimal scenario with initial reservoir volume of 50 MCM
and supplying 80% of agricultural sector requirement from the dam
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Fig. 5- Penalty value of objective function in the first generation population in minimal scenario with initial
reservoir volume of 50 MCM and supplying 80% of agricultural sector requirement from the dam
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Fig. 6- Water release from the dam in the minimal scenario with initial reservoir volume of 50 MCM and
supplying 80% of agricultural sector requirement from the dam

5 5l w03 A 0ol g canSlo slo (guleo B il 035 il e U Bl 53l 53 s 51 298 T -8 USUS

60 -~

50 A

40

30 4

20 A

10 4

Reservoir Volume (MCM)

18

Decades

21 24 27 30 33 36

Fig. 7- Volume of water in the reservoir in the minimal scenario with initial reservoir volume of 50 MCM
and supplying 80% of agricultural sector requirement from the dam
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Fig. 8- Evaporated water from the reservoir in the minimal scenario with initial reservoir volume of 50
MCM and supplying 80% of agricultural sector requirement from the dam
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Fig. 9- Water released for agricultural areas from the reservoir in the minimal scenario with initial reservoir
volume of 50 MCM and supplying 80% of agricultural sector requirement from the dam
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Fig. 10- Optimal water allocated to crops in the minimal scenario with initial reservoir volume of 50 MCM
and supplying 80% of agricultural sector requirement from the dam
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Fig. 11- Relative soil moisture during growing period of the crops in the minimal scenario with initial
reservoir volume of 50 MCM and supplying 80% of agricultural sector requirement from the dam
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Fig. 12- Actual to potential evapotranspiration ratio during growing period of the crops in the minimal
scenario with initial reservoir volume of 50 MCM and supplying 80% of agricultural sector requirement
from the dam
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