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1- Introduction

The water-oriented development of countries calls for the enforcement of the Clean Development Mechanism
(CDM) regulations through integrated water resources management (IWRM). The study's goal was to simulate
the essential drainage basin in the Middle East, which consists of six reservoir dams with a cumulative PV
capacity of over 10500MW. Therefore, the application of systematic and integrated models and multi-objective
optimization facilitates understanding the mutual effects of the subsystems in a master plan and sustainable water
resources management and planning. Recently, numerous studies have been carried out in Iran and the world on
this issue. For instance, Dalir et al. (2017) introduced a conceptual method for calculating carbon footprint in
Iran's combined cycle power plants. Anugrah et al. (2015) studied the effect of climate change on hydroelectricity
in the small-scale power plants in the Bayang River basin in Indonesia using WEAP software under IPCC climate
change scenarios, namely scenarios A2 and B2. Amponsah et al. (2014) compared the results from 79 studies
carried out by assessing the life cycle of greenhouse gases and the effect of different hydropower plants on the
emission of these gases and reported their findings. Also, Hadded et al. (2013) developed a decision support
system (DSS) using the WEAP model and MODFLOW model to manage the Geous aquifer in the south of
Tunisia. Poblete et al. (2012) modeled the Maule River basin's water resources under the climate change scenario
using WEAP. Hondo (2005) estimated greenhouse gas emissions by nine power plant types: coal, petroleum,
natural gas, combined cycle, nuclear, hydroelectricity, geothermal, wind, and photovoltaic power plants, through
life cycle assessments. Miller and Labadie (2003) analyzed the optimization of integrated operation on the
regional scale and used the MODFLOW model to calculate the response matrix coefficients. They also used
MODSIM as the optimization model.

In this research, the development of the best management scenario was studied to determine the role of the
surface and groundwater consumptions and all system factors, such as the variation of efficiencies of irrigation
networks through integrated modeling. The goal was to meet the demands, maximize hydroelectricity generation,
and set the scene to minimize greenhouse gas emissions in Iran's most critical catchment.

2-Materials and methods

The WEAP model was used with an integrated approach to water systems simulation in this research. This model
functions based on water balance, and demand-related factors such as consumption patterns, efficiency, costs, and
allocation are considered in its equations and resource-related factors such as surface and groundwater flows and
reservoirs. Stockholm Environment Institute has been the chief advocate of this model, while it has also been
supported by the Hydrological Engineering Center of the American Society of Civil Engineers and the World
Bank. In addition, the MODFLOW model developed by the United States Geological Survey was also used to
simulate groundwater resources. After linking the two calibrated and validated simulation models and optimizing
the objective function, practical scenarios were implemented to optimize water resource allocation and
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hydropower. In power plants, the emission factor regarding the mass of the produced pollutants or the combustion
gases is expressed in the generated electricity or the generated thermal energy.

The Great Karun basin is a large part of the Persian Gulf catchment and consists of Dez and Karun rivers in the
Middle Zagros heights. It is also mainly composed of Khuzestan Plain. Karun basin is located at longitude to East
and latitude to North. Karun River is the greatest and has the highest discharge volume of water in Iran in the
Persian Gulf and Gulf of Oman basins.

In the study basin, there are several aquifers with a surface area of 9205km?. Therefore, the aquifer parameters
were entered into the linked software and were simulated.

In the surface water simulations in this research, the data required for modeling the Great Karun basin, including
the natural water yield of Dez and Karun rivers, the future and predicted consumptions in different basin areas,
specifications of the reservoirs and power plants in the drainage basin, evaporation in the reservoirs, data from the
hydrometric stations in the basin, the raw GIS data on the basin, and other minor information are used. After
collecting, controlling, and preparing the desired formation, this data was used to model the basin. Figure 1
illustrates the schematic configuration of the integrated water resources model developed in this research.
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Fig. 1. Schematic configuration of the integrated water resources model of the study basin.

The mathematical model indirectly simulates groundwater flow using a governing equation and series of
equations describing hydraulic load and flow along the model boundaries. Hence, the aquifer area's three-
dimensional model is the mathematical expression of groundwater flow using the GMS interphase based on
MODFLOW 2000. After entering the data into the model, six scenarios were defined to evaluate the integrated
model system's objectives.

3-Results and discussion
After linking the surface and groundwater resource model, the drainage basin was simulated for the present time.
Afterwards, the model's implementation results using the actual data from the downstream hydrometric stations of
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the Dez and Karun rivers were compared. The last three years of the statistical period were selected to compare
and validate the model. A comparison was also drawn between the rivers' cumulative inflows in the Farsiat
hydrometric station downstream of Great Karun. Figure (2) presents the acceptable model performance results in
the validation phase by comparing the cumulative discharges observed in Farsiat hydrometric station and the
calculated discharge.

Model Verification results - Farsiat Hydrometry Station
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Fig. 2. The comparison of the cumulative discharges in Farsiat hydrometric station.

The validated integrated model was implemented and studied under six management scenarios. These scenarios
were designed and compared for the optimum satisfaction of needs and supply of energy, the minimization of
greenhouse gas emissions, and the supply of the minimum environmental nodes in the river downstream. In these
scenarios, the integrated surface and groundwater resources, the irrigation network efficiencies, and basin
drainage are considered the essential components with significant weights. In addition, the sound effect of
drought is also considered concerning a decrease in river inflows under the designed scenarios.

According to the results, through the integrated use of resources and only a 5% increase in the networks'
efficiency, an almost 172-GWh decrease will be witnessed in the hydroelectricity production despite the seven-
billion cubic meters increase the future consumptions in the Great Karun basin. This decrease is hugely more
minor than the effect of inter-basin water exchange. It is also equal to a 1.1% decrease in the production of
hydroelectricity in the basin.

4-Conclusion

This research's overarching goal was to explore the roles and weights of the hidden and evident determinants of
hydroelectricity production and its optimum management. This research suggested that the inter-basin water
exchange is the most crucial cause of the decrease in hydropower production in this basin and accounts for 93%
of the country's hydroelectricity production. This factor causes the maximum decrease in hydroelectricity
generation in the basin and an increase in the emission of greenhouse gases resulting from the alternative energy
production methods by reducing the river branch flows. The results from weighting priorities of the components
determining hydroelectricity production and greenhouse gas emissions are as follows in the order of importance.

I. According to the model results, inter-basin water exchange with the 1.5 billion cubic meters increases results in
a 10% decrease in the annual average hydroelectricity production in the basin. Hence, this component has the
highest effect and weight compared to the other parameters in the decrease in energy production (app. 1500
GWh) and the increase in greenhouse gas emissions (1.3 million tons).

I1. The second component involves the effect of climate change and the decreased water yield of the rivers, which
cause a 5% decrease in the annual hydroelectricity production of the drainage basin.

I11. The third component shows the role of an increase in the basin consumptions, which results in a three per cent
decrease in the annual production of hydroelectricity in this basin by causing a 7 billion cubic meters to increase

in the basin consumptions.
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IV. The fourth component mirrors the effect of a 5% increase in irrigation network efficiency. The results
revealed that following the increase in the efficiency, the hydroelectricity production increases by 2%, preventing
the production of 250,000 tons of greenhouse gases by the alternative power plants.

V. The fourth component is the integrated surface and groundwater resources consumption. The results from the
model's implementation revealed that the hydroelectricity production in the drainage basin increases through the
integrated management of the operation of water resources, preventing the production of 125,000 tons of
greenhouse gases by the alternative power plants.

Since the increase in the basin needs is often inevitable, it is concluded that it is possible to optimally manage
hydroelectricity production and meet the future demands through the integrated use of the water resources and a
5% change in the irrigation network efficiency (the best scenario).

Finally, this basin's integrated modeling reflected the high potential of this great basin for preventing an increase
in greenhouse gas emissions. These results also mirrored the possibility of obtaining Certified Emission
Reductions (CERs) license using the clean development mechanism through proper management.
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Table 1. The statistical criteria on the integrated model at the control point.

stage R? MAE (m) MSE (cms?) ARE MRE
Calibration 0.96 12.91 22.12 0.21 0.27
Validation 0.94 9.25 11.05 0.13 0.39
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Fig. 12. The comparison of the observed and simulated cumulative discharge in Farsiat hydrometric station

(billion cubic meters).

5 e Op slads o ol JE Gl s lis Gl o el
Ozl a8l ol 38l Goeanly gael p Fube Caws ol B)lae
ool b gyl opl 5o il ool (58 ol 5 aailsog, aul
olodily sooys Gl s (eeing 5 b ol @i 5l el
ool LS 5o 1y B 55l 0 Gl w5t ol sl S
Ol ot gyl Gl )0 ;500 ke @y 090 Lo e Bl e
shemelan) o (@20 el )0 amecen) 9,50, 9 Slas
1) e of dnwgs 5 Bjlas (Rl Gly e Candimly 5o 4oy,
5 sy el @3l g iSTae b ol LS 50 g ogei S e
B 5P o e (ulel (pl pagle, JBlas 4 1) glalkls
Error! s dls £+ odg nSile &0t 00d S Ll i cos

<l 00541, Y Reference source not found.

Cod odd i Coro Al Jae 00,8 S8 AT 4eSiles
2 gyl ol Sl 03 S 2l g (pyp Sne )b A2
B s Gile Bl Baa b g 6550 5 Sjlae agy el sl
5 b e boadlys U (e pwyn cwzr sl
2 B 655 g Ol @S VY oled USO80l o)) Sl
An3 e s 5 dnlin | oabiiy a5 (slogy L o 5 > Ll
o el SEE VOO o Ll o 5000 ads> eSilee oS
sl
O3S spl asg hpae slacealis ;b @l VE JSa
95 4 hlixe glag: )l Covi IS slojls Ll ol 52 S5
Lol 0als 08,91 oS S5 0 9 aMS O jgon axlllas 8)5e i,
ol g liw auslie Canl dgpie VF 5 VY S0 0 oS 4SLes

9 g2yl coads a8 )5\l o gladdlge il o 5 anS e e

6- IBWT .consumtion™ I&DN efficiency" Integrated... Ee———————————

5- consumtion™ Integrated withdrawal " Discharge5%" .... el

4- IBWT"J&DN efficiency T (DisCharge5% " Consumtion < . . ]
3- IBWT" .consumtionIntegrated withdrawal" .... gﬂ

2- consumtion™ I&DN efficiency * .Integrated withdrawal*...EﬂI
1-IBWT" consumtion<> Discharge<> J&DN efficiency@...%‘

H Current BScenarios 5000 10000 15000 20000

(el SIgES) ol ST o calisue slagy b cow 5 Jlo Ll s jo (ol (65,5 algs gulis aglie - VY S
Fig. 13. A summary of the comparison of the hydropower generations in the present condition under different
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Table 2. The comparison of the mean hydroelectricity productions in the present and future conditions under the

best scenario.
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