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Abstract

One of the approaches to equilibrium assessment is the use of quantitative and qualitative indicators that can be a good tool. In this study, in order to
evaluate the equilibrium scenarios in Hashtgerd aquifer, two indicators of intrinsic vulnerability of the aquifer and quantitative stability index of the
aquifer were used. Five scenarios were defined based on the groundwater resources balancing scheme in the region and simulated using the
MODFLOW numerical model. Equilibrium was calculated by combining three indicators of reliability, vulnerability and desirability of groundwater
system stability index in different scenarios. The simulation results and application of different scenarios showed that by reducing the water
withdrawal by 15 percent, the highest level of stability is created in the aquifer system and the system stability rate increases from 55 percent to 87
percent. The extent of changes in the aquifer stability index as a distribution in the observation wells also indicates that the middle part of the aquifer
has the highest status of improving the stability index. This region, with its high density of exploitation wells, is most affected by the reduction of
aquifer withdrawals. The results obtained from the aquifer stability index, considering the spatial distribution, show the feasibility of implementing
different scenarios. On the other hand, due to the importance of development and the use of vulnerability indicators, the drastic index was analyzed at
the regional level. The results showed that the upstream part of the aquifer has the highest level of vulnerability due to hydrogeological characteristics
and the level of vulnerability has decreased in the direction of groundwater flow.
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Figure 1. Location of the study area and wells used in water balancing scenarios
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Table 1. Summary of the annual water balance in the Hashtgerd aquifer (MCM) [Ministry of Energy, 2011]

Volume Discharge ' Recharge ' Arca
changes Sum GW ET from Discharge Sum Return Retum. Surface Inﬁltra?lon from GW (k)
out outlet G.W from wells In flow flow Agri flow heights Input
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Table 2. Equilibrium scenarios considered in the Hashtgerd aquifer

Scenario
Ss S4 S3 S2 S1
Drinking water supply from Artificial recharge 15% reduction in the 10% reduction in the 5% reduction in the
Taleghan Dam and replacement of along the Kordan operation of operation of operation of
underground resources River agricultural wells agricultural wells agricultural wells
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Table 3. Classification of the DRASTIC index based
on vulnerability

Classiﬁca‘ti‘on Class ClassiﬁcaAtiAon Class
Vulnerability Vulnerability
Can be ignored 46> High vulnerability 137-184
Low vulnerability 47-92 Very high vulnerability >185
Medium vulnerability ~ 93-136
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Table 4. Groundwater flow simulation error analysis (m)

Error parameters Steady Un steady model
model Calibration Verification
Mean Error -0.185 -0.274 -0.033
Abs Error 0.789 1.28 1.9
RMSE 0.932 1.76 2.4
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Figure 3. Calibration distribution parameters in the Hashtgerd aquifer
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Figure 4. Comparison of the aquifer hydrograph simulation results with the observed data
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Table 5. Equation for determining the optimal groundwater level in observation wells and aquifers

COD Observation well Equation of optimal G.w level RMSE-m
P1 Mohammad Abad WT=1140-0.25C0s(0.4X)+0.42Sin(0.4X) 0.052
P2 Korosh yeylaghi WT=1151.5-0.69C0s(0.48X)+0.46Sin(0.48X) 0.082
P3 Tankeman WT=1154-0.76Cos(0.5X)+0.85Sin(0.5X) 0.052
P4 Hossein Abad WT=1172-0.04Co0s(0.52X)-0.01Sin(0.52X) 0.002
P5 Serah Zaki WT=1189.5+0.45C0s(0.6X)-0.21Sin(0.6X) 0.053
P6 Ghaley Azari WT=1201.6-0.37C0s(0.4X)+0.46Sin(0.4X) 0.047
P7 Arab Abad WT=1181-0.35Co0s(0.42X)+0.51Sin(0.42X) 0.038
P8 Namak alan WT=1210.6-0.18Cos(0.53X)+0.49Sin(0.53X) 0.018
P9 Ghasem Abad bozorg ~ WT=1176.6-0.78Cos(0.12X)+0.17Sin(0.12X) 0.018
P10 Ghasem Abad WT=1225.8-0.14C0s(0.43X)+0.27Sin(0.43X) 0.003
P11 Lashkar Abad WT=1224.5-0.33C0s(0.47X)+0.42Sin(0.47X) 0.002
P12 Seyf Abad WT=1175.2-0.31Cos(0.51X)+0.76Sin(0.51X) 0.007
P13 Sanghar Abad WT=1188.2-0.11Cos(0.4X)+0.36Sin(0.4X) 0.034
P14 Morghak WT=1180.3-0.33Cos(0.17X)+0.36Sin(0.17X) 0.005

Hashtgerd Aquifer WT=1178.7-0.21C0s(0.34X)+0.45Sin(0.34X) 0.007

1180

Ground water level-m
5
(=}

optimal groundwater level

1 3 5 7 9 11131517 19 21 23 25 27
Time step-month

= Perdiction without scenarios

29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59

Figure 5. Variation of the aquifer level during five years forecasted along with the optimal groundwater level
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Table 6. Assessment of the aquifer stability in equilibrium scenarios

Sl S2 S3
2 oy 2 S = £ 2 S = £ z £
Observation wells ;5 :‘;é % § é g % § é g % §
g £ Z 5 3 £ z 5 3 £ z 5
~ 2 a a = 2 a a = 2 a a
Mohammad Abad 1 0 0.95 0.98 1 0.00 0.95 0.98 1 0 0.92 0.97
Korosh yeylaghi 0.48 -0.13 0.80 0.70 0.53 -0.11 0.82 0.73 0.55 -0.13 0.92 0.76
Tankeman 0.15 -0.35 0.61 0.39 0.17 -0.28 0.66 0.43 0.58 -0.21 0.84 0.73
Hossein Abad 0.35 -0.12 0.77 0.62 0.53 -0.09 0.80 0.73 0.77 -0.08 0.91 0.86
Serah Zaki 0.10 -1.00 0.01 0.00 0.15 -0.81 0.13 0.16 0.53 -1.00 0.60 0.00
Ghaley Azari 0.25 -0.09 0.84 0.58 0.37 -0.06 0.86 0.67 0.78 -0.05 0.93 0.89
Arab Abad 0.20 -0.23 0.71 0.48 0.53 -0.19 0.74 0.69 0.55 -0.27 0.88 0.71
Namak alan 0.10 -0.24 0.79 0.39 0.12 -0.20 0.81 0.43 0.33 -0.17 0.91 0.63
Ghasem Abad bozorg 0.17 -0.58 0.35 0.29 0.18 -0.46 0.43 0.35 0.55 -0.47 0.73 0.60
Ghasem Abad 0.12 -0.20 0.79 0.42 0.12 -0.16 0.82 0.43 0.60 -0.14 0.91 0.78
Lashkar Abad 0.17 -0.27 0.62 0.43 0.18 -0.20 0.67 0.46 0.72 -0.15 0.85 0.80
Seyf Abad 0.47 -0.21 0.45 0.55 0.58 -0.16 0.52 0.64 0.83 -0.14 0.78 0.82
Sanghar Abad 0.15 -0.43 0.47 0.34 0.17 -0.34 0.53 0.39 0.70 -0.21 0.78 0.76
Morghak 0.13 -0.58 0.25 0.24 0.15 -0.44 0.34 0.31 0.77 -0.35 0.69 0.70
Aquifer 0.27 -0.32 0.60 0.46 0.34 -0.25 0.65 0.53 0.66 -0.24 0.83 0.72
Continued table 6. Assessment of the aquifer stability in equilibrium scenarios
Observation wells S4 85
Reliability Vulnerability Desirability Sustainability Reliability Vulnerability Desirability Sustainability
Mohammad Abad 1 1] 0.95 0.98 1 0 0.95 0.98
Korosh yeylaghi 0.48 -0.49 0.80 0.59 0.50 -0.46 0.81 0.84
Tankeman 0.15 -1.30 0.61 0.00 0.17 -1.20 0.63 0.62
Hossein Abad 0.33 -0.43 0.77 0.53 0.40 -0.39 0.78 0.76
Serah Zaki 0.10 -3.66 0.00 0.00 0.12 -3.40 0.05 0.30
Ghaley Azari 0.23 -0.33 0.83 0.51 0.28 -0.29 0.84 0.68
Arab Abad 0.20 -0.84 0.70 0.28 0.27 -0.78 0.72 0.70
Namak alan 0.10 -0.88 0.78 0.22 0.10 -0.82 0.79 0.53
Ghasem Abad bozorg 0.17 -2.12 0.34 0.00 0.17 -1.96 0.37 0.57
Ghasem Abad 0.12 -0.74 0.79 0.29 0.12 -0.69 0.80 0.54
Lashkar Abad 0.15 -1.00 0.62 0.06 0.17 -0.90 0.64 0.59
Seyf Abad 0.45 -0.79 0.45 0.35 0.55 -0.71 0.47 0.77
Sanghar Abad 0.13 -1.60 0.46 0.00 0.15 -1.46 0.49 0.57
Morghak 0.13 -2.13 0.24 0.00 0.13 -1.93 0.28 0.48
Aquifer 0.27 -1.16 0.60 0.27 0.29 -1.07 0.62 0.64
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Figure 6. Variation of the quantitative stability index in the observation wells under equilibrium scenarios
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Figure 7. Groundwater hydrograph in five equilibrium scenarios
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Figure 8. Vulnerability index of Hashtgerd aquifer
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