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ABSTRACT

Introduction

In areas with dry and semi-arid climates, groundwater is one of the main sources of water supply for agriculture, industry and drinking. It is very
necessary to prepare a simulation model to predict changes in the groundwater level and extract the components of the groundwater balance for
better management of the operating of these resources. The aim of this research is to investigate hydrodynamic coefficients, plain balance and
aquifer thickness in the study area of Kermanshah through aquifer simulation using MODFLOW model.

Methodology

In this research, based on information and data related to piezometers, operation wells, rivers, well logs, geophysical sections, bedrock map,
topography and geology of the area, etc., a conceptual model of the plain was built. The numerical model developed based on the conceptual
model of the plain was calibrated and validated in two steady and unsteady states, and the optimal values of hydraulic conductivity and specific
yield were extracted. Then, balance components were extracted based on inflows and outflows from the aquifer, withdrawal from wells, recharge
rate and seepage from rivers, feeding from the plain surface and boundary conditions and evaporation from the plain, and the most important
balance parameters with the largest volume of exchanges were introduced.

Results and discussion

The results show that the thickness of the aquifer in the north and northeast of the plain is about 160.96 meters, and the lowest thickness in the
southwest and west of the plain is 118.14 and 120.69 meters, respectively. Also, the coefficient of hydraulic conductivity varies between 0.9 and
40 m/day and the coefficient of specific yield varies between 1 and 35%. Based on the balance of the steady month (October 2016), the input of
the aquifer was 2871427.5 cubic meters and the output of the aquifer was 2871472.3 cubic meters. The amount of input to the aquifer through
the boundaries (general head cells) is 2500444 cubic meters and the output is 1653545.7 m3/month. The amount of inflow through the river was
7202.1 m3/month and the outflow from the river was 863470.4 m3/month. The amount of extraction from the wells was 261246.1 cubic meters
and the amount of recharge was 363781.2 m3/month.

Conclusion

This research showed that the MODFLOW model can simulated the average level and the groundwater level of different areas of aquifer along
with the balance of the plain, including the exchange of the aquifer with the river, the inflow and outflow from the boundaries of the aquifer, the
parameters of withdrawal and recharge. In this simulation, the value of the root mean square error (RMSE) was calculated as 428 mm in the
steady model and 535 mm in the unsteady model. That is, in the whole plain, the difference between the observed and simulated groundwater
levels in the piezometers was less than one meter.
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Material Maximum Minfmum Average
Clay 0.05 0. 0.02
Sandy Clay 0.12 0.03 0.07
Silt 0.19 0.02 0.18
Fine Sand 0.28 0.10 0.21
Medium Sand 0.32 0.15 0.26
Coarse Sand 0.35 0.20 0.27
Gravelly Sand 0.35 0.20 0.25
Fine Gravel 0.35 0.21 0.25
Medium Gravel 0.26 0.13 0.23
Coarse Gravel 0.26 0.12 0.22

Source: Johnson, 1967

Aquifer Material Extreme Likely Likely Extreme

References
Kmin, m/d Kmin, m/d | Kmax,m/d Kmax, m/d

Unconsolidated Sedimentary Rock

Gravel 30 90 900 900 15

Sand and Gravel Mixes 0.3 9 90 90 1

Coarse Sand 15 20 90 90 1

Medium Sand 0.3 6 20 60 15

Fine Sand 0.015 1 6 6 15

Gulf Coast Aquifer Systems (6603 values) 0.6 10 60 240 2
Stream Terrace Deposit, Fort Worth, Texas (59 values) 0. 003 0.3 30 90 3
Surficial Aquifer, central Florida (fine sand and silt, 55 values) 0.003 0.03 10 15 4
Silt, Loess 0. 00009 0. 0003 0.03 2 5
Till 0. 00000009 0. 0009 0.09 0.2 15

Clay soils (surface) 0. 003 0. 003 0.3 0.3 1

Clay 0.0000003 0. 000003 0. 00003 0.0003 57

Carbonate Rocks
Unweathered Marine Clay 0.00000006 | 0. 00000006 0. 0002 0. 0002 5
Karst 0.1 3 300 3000 458
Reef Limestone 0.09 3 300 1800 5
Limestone, Dolomite 0. 00009 0.001 0.03 0.6 5

Indurated Sedimentary Rock

Fine-Grained Sandstone 0. 00003 0.0003 0.3 2 16

Medium-Grained Sandstone 0. 0003 0.3 3 24 6,9

Siltstone 0.0000003 0. 000003 0.002 0.01 6
Claystone 9.00E-10 0.0000003 0. 000003 0. 00001 6,7,10

Anhydrite 0.00000003 | 0. 00000003 0.002 0.002 5

Shale 0. 000000003 | 0. 00000003 0. 00003 0.3 7

Metamo rphic or Volcanic Rock

Permeable Basalt 0.03 0.3 30 1800 5

Fractured Igneous and Metamorphic Rock 0. 0003 0.02 3 30 1
Weathered Granite 0.03 0.3 3 6 6

Weathered Gabbro 0.03 0.03 0.3 0.3 6

Basalt 0 0. 009 0.03 0.03 5

Unfractured Igneous and Metamorphic Rock 0 2. 7TE-09 0. 00002 0. 00002 15

Unfractured Igneous and Metamorphic Rock 0 2. 7TE-09 0. 00002 0. 00002
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Mean Error: 0.053
Mean Abs. Error: 0.345
Root Mean Sq. Error: 0.428
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Name | K(m/day) Sy Name | K(m/day) Sy Name K(m/day) Sy
LU1 1 0.12 LU22 12 0.15 LU43 0.25 0.015
LU2 2 0.12 LU23 10 0.01 LU44 4 0.35
LU3 5 0.25 LU24 0.3 0.01 LU45 18 0.01
LU4 1 0.35 LU25 10 0.3 LU46 1 0.02
LU5 6 0.35 LU26 32 0.06 LU47 0.12 0.15
LU6 15 0.32 Lu27 1.75 0.35 LuU48 9 0.15
LU7 2 0.175 LU28 30 0.02 LU49 25 0.135
LU8 1 0.09 LU29 7 0.35 LUS0 23 0.03
LU9 7 0.03 LU30 17 0.3 LU51 3 0.08
LU10 1 0.02 LU31 1 0.15 LU52 18 0.11
LU11 20 0.3 LU32 0.25 0.015 LU53 30 0.075
LU12 30 0.3 LU33 1 0.01 LU54 1.185 0.15
LU13 22 0.21 LU34 0.5 0.11 LU55 0.12 0.146
LU14 7 0.02 LU35 0.09 0.35 LUS6 2 0.15
LU15 5 0.02 LU36 0.09 0.35 LUS7 25 0.15
LU16 0.5 0.02 LU37 6 0.02 LU58 0.415 0.115
LU17 6 0.15 LU38 1 0.021 LU59 0.155 0.095
LU18 15 0.15 LU39 2 0.02 LU59-1 40 0.125
LU19 15 0.215 LU40 3 0.01 LU60 1 0.095
LU20 30 0.01 LU41 0.85 0.3 LU60-1 40 0.125
LU21 10 0.165 LU42 1 0.15
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GHB River Wells Recharge Total In-Out
In 996743.8 827.2256 0 136193.8 1148506
Zone_1 21.05079
Out 2834145 7342739 50763.05 0 1148485
In 400797.5 4367.063 0 60930 578802
Zone_2 -14.1929
Out 175038.3 44060.81 74407.32 578816.2
In 803190  1291.326 0 12465 1010909
Zone_3 -62.2484
Out 890847.2 46221.64 41012.72 0 1010971
In 137338.2 429.7601 0 44050.75 223787.3
Zone_4 -0.57964
Out 117766.6 11642.66 10258.03 0 223787.9
In 162374.6 286.7685 0 110141.8 339875.5
Zone_5 11.16792
Out 186479.1 27271.43 84805.01 0 339864.4
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