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Abstract

Rising water demands and over-extraction of groundwater
have caused critical status in more than 50% of the aquifers in
Iran. Simulating complex condition of such aquifers and
selecting an appropriate management approach are required to
compensate drawdown. Therefore, this study aimed to provide
a management approach for the Ravansar-Sanjabi aquifer in
Kermanshah, an aquifer under a severe stress during last
decades, using the MODFLOW model. After calibrating and
evaluating the model, as well as providing a spatial distribution
map for the actual drawdown during the period of 2007-2015,
the aquifer is divided into four drawdown zones, including 0 to
5, 5 to 10, 10 to 20, and 20 to 45 meters. Several options of
combining scenarios were then applied to compensate the
drawdown in each of the zones. The first scenario included the
continuation of the last eight-year condition of sources, sinks
and recharge of the aquifer, which resulted in a 7.2 m decline
during the next eight years. In the second and third scenarios,
with the effects of drought and wet conditions, the results
showed that groundwater level would decline by 8.4 and 5.2
m, respectively. The results of the first three scenarios showed
that the effect of climate fluctuations is not the main factor
affecting the groundwater level decline. In the fourth scenario
different combinations of 10% to 70% reduction in pumping
rates were applied and the results showed that the combination
of 10% reduction in zonel and 20% reduction in other zones
provides the best results in improving aquifer conditions.
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Fig. 1- Location of Ranvansar-Sanjabi catchment in Kermanshah province (a) and boundary of Ravansar-
Sanjabi catchment and aquifer (b)
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Table 1- Monthly values of water resources and demand during 2007-2008
YYAP-AY o Jlw B lao g polio ailale ydlie —Y Jou>

Outflow (MCM Inflow (MCM) Average
Month Agricultural Domestic Subsurface Return Rainfall Surface and groundwater
demand consumption flow flow subsurface Flow level (m)
October 0.95 0.22 0.02 0.32 0.09 9.86 1316.92
November 0.90 0.19 0.02 0.29 0.09 8.07 1319.56
December 0.56 0.12 0.01 0.18 1.17 7.99 1319.43
January 0.00 0.11 0.00 0.07 0.23 7.82 1318.33
February 0.00 0.14 0.00 0.08 1.25 7.23 1318.44
March 0.00 0.18 0.80 0.11 1.04 7.43 1318.73
April 4.34 0.22 2.04 1.00 0.07 7.00 1319.27
May 16.48 0.29 1.76 3.47 0.22 5.93 1319.69
June 20.18 0.34 0.57 4.24 0.01 5.24 1319.32
July 17.25 0.36 0.09 3.67 0.00 4.36 1318.5
August 17.81 0.31 0.09 3.75 0.00 3.16 1317.61
September 18.50 0.27 0.06 3.86 0.15 2.97 1316.87
Total 96.96 2.76 5.45 21.04 4.32 77.04 -
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Fig. 3- Drawdown zoning map of Ravansar-Sanjabi
aquifer (2007-2015)
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Table 2- Drawdown recovery resulted by decreased withdrawal rates for several states and related recovery
index (RI)
(R1) abgy yo by (ad L g Cglisie ol (gl liso (sbaieg j1 5130 o2 &5 il L il Cdly Y Jooo

Decrease in

State Decreases in withdrawal rates (MCM/year) for each zone withdrawal re?:?\%?;\zm) ?I)
(MCM/year)

4-1 Zone 1= zone 2=zone 3=zone 4= -10% 8.6 3.12 0.580
4-2 Zone 1= zone 2=zone 3=zone 4= -20% 17.2 5.79 0.625
4-3 Zone 1= zone 2=zone 3=zone 4= -30% 25.8 8.22 0.661
4-4 Zone 1=-10%, zone 2=zone 3=zone 4= -20% 15.16 5.63 0.567
4-5 Zone 1=-10%, zone 2=-20%, zone 3=zone 4= -30% 19.7 7.19 0.577
4-6 Zone 1=-10%, zone 2=-20%, zone 3= -30%, zone 4= -50% 24.77 8.98 0.581
4-7 Zone 1=-20%, zone 2=-20%, zone 3= -30%, zone 4= -50% 26.8 9.27 0.609
4-8 Zone 1=-20%, zone 2=-20%, zone 3= -50%, zone 4= -50% 30.7 10.64 0.607
4-9 Zone 1=-20%, zone 2=-30%, zone 3= -50%, zone 4= -50% 32.8 11.16 0.619
4-10  Zone 1=-20%, zone 2=-20%, zone 3= -50%, zone 4= -70% 37.8 12.8 0.622
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Table 3- Statistical errors on performance of model during calibration and verification stages
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Step | Mean Error | Mean Abs. Error | Root Mean Sg. Error
Steady -0.39 0.45 0.97
Transient 0.064 1.35 2.85
Verification -0.02 0.62 1.05
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Fig. 8- Annual average values of groundwater levels, annual precipitation and standardized precipitation
index (SPI)
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