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One of the most important sources of water loss in reservoirs is controlling
reservoir efficiency indicators, water deficit, and losses through evaporation
and seepage. In this study, in the first step towards formulating operational
policies, the SOP model of Pishin dam located in Sistan and Baluchestan
Province during the years 1390 to 1397 was developed. Subsequently, to
identify optimal release values in operational policies, the Generalized
Reduced Gradient (GRG) extended to standard operational policy (SOP) and
averaging method. Thus, hybrid optimization-simulation models of
Generalized Reduced Gradient-Standard Operational Policy (GRG-SOP) and
Generalized Reduced Gradient-Standard Operational Policy-Averaging
(GRG-SOP-AVE) were developed. In this study, indicators of water losses
(evaporation and seepage), deficit, and reservoir efficiency indices for the
GRG-SOP, GRG-SOP-AVE policies, and current operation were estimated
to identify the best operating policy. The results reveal that the operating
policy derived from the GRG-SOP-AVE model leads to a reduction in the
values of deficit, evaporation and seepage indicators by 35.32 MCM/yr,
10.74 MCM/yr, 0.002 MCM/yr, respectively. Additionally, the indicators of
reliability, resilience, vulnerability, and flexibility have improved by
67.58%, 24.59%, 31.69%, and 11.35% respectively compared to other
policies. Therefore, it is suggested to utilize the policy derived from the
GRG-SOP-AVE model in other dams to reduce seepage, evaporation, and
deficit indicators.
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Figure 1. The location of the Pishin dam (adapted from Khodabandeh et al., 2021

Table 1. Information on the inflow volume and consumption of the Pishin dam (MCM) (Hatami et al., 2020)

Inflow Evaporation Industry Domestic Agriculture Total Consumption
Study Period 6.93 1.10 0.00 0.34 3.72 4.06
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Figure 2. Research Process Flowchart
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Table 2. Monthly release volume resulting from generalized reduced gradient (GRG)

Month Output Volume (MCM) Month Output Volume (MCM)
1 11.57 7 8.15
2 5.92 8 10.19
3 7.39 9 11.66
4 6.35 10 15.82
5 6.65 11 7.06
6 4.54 12 16.17
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Table 3. Average monthly release volume resulting from generalized reduced gradient (GRG)

Month Output Volume (MCM) Month Output Volume (MCM)
1 11.569 7 8.150
2 5.918 8 10.190
3 7.386 9 11.663
4 6.497 10 15.823
5 6.651 11 7.054
6 4534 12 16.171
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Figure 3. Comparison of the volume of released water under different operation policies
Table 4. Reservoir performance indicators based on different models and operation policies
- I Operation Policy
Reservoir performance indices Current Operation GRG-SOP GRG-SOP-AVE
Deficit (MCM/Year) 52.74 35.32 35.32
Evaporation (MCM/Year) 13.21 10.74 10.74

Seepage (MCM/Year) 0.0023 0.0020 0.0020
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Figure 4. Comparison of monthly deficiency index under different operation policies
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Figure 5. Comparison of monthly evaporation index under different operation policies
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Figure 6. Comparison of monthly seepage index under different operation policies
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Table 5. Reservoir performance indicators in various operation policies

Operation Policy

Reservoir performance indicators

Current Operation GRG-SOP GRG-SOP-AVE
Reliability (e, %) Volumetric 57.24 67.58 67.58
Reversibility (8%) 9.84 8.57 24.59
Vulnerability (Y%) 47.32 31.69 31.69
Flexibility (Y%) 2.97 3.96 11.35
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