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Figure 1- Proposed groundwater modeling process (Anderson and Woessner, 1992).
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Figure 2- Geological and tectonic map of Golghar mineral area with a scale of 1:25000 (National Geological and
Mineral Exploration Organization, 2012).
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Figure 3- Gohar Zamin iron ore mine area, conceptual model and location of observation, pumping, and piezometric
wells.
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Figure 4- The geometry of the studied area model.
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Figure 5- 3D grid and topographic map of Gohar Zamin iron ore mine (height in meters above sea level).
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Figure 6- Fence diagram of lithological wells in the Gohar Zamin iron ore mine pit area.
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Figure 7- A) Zoning of the studied area for recharge, B) and hydraulic conductivity.
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Table 1- Statistical results of solving the model using PCG and LMG packages in GMS software.

Model solution package Mean residual

Absolute mean residual

Root mean square residual

LMG
PCG

0.05
0.73

1.82
16.15

1.95
18.99
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Table 2- Statistical results of model calibration in the steady state and transient state using trial and error and
automatic methods.

Steady state

Transient state

Expert advice  PEST  Pilot Point Expert advice  PEST  Pilot Point
Mean residual 0.73 -1.27 -1.64 -3.55 -6.18 -12.2
Absolute mean residual 16.15 11.14 3.19 17.23 14.32 12.32
Root mean square residual 18.99 13.02 4.23 20.78 16.67 14.58
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Figure 8- Diagram of the sensitivity of the model to the hydraulic conductivity and recharge (December 2018).
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Figure 10- The difference between the observed and computed data of the model after calibration, in observational
and piezometric wells of the study area (symbols above the diagram are guides for wells).
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Figure 11- A) The parameter values of the hydraulic conductivity and B) Recharge of the aquifer after calibration

and verification.
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Figure 12- The difference between the observed and computed data of the model after calibration in piezometric and

observation wells of the studied area.
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Table 3- Model specifications in different modes for modeling.

Steady state Transient state

A period of 6 months including 6 periods of tension with time steps

Time A period of one month of 30 days
Variable The upper and lower surface level of The upper and lower surface level of the aquifer, hydraulic
the aquifer, hydraulic conductivity, conductivity, recharge, porosity, primary head, groundwater level of
parameter - . RS - - A .
recharge, porosity, primary head wells in different periods of time, transmissivity of aquifer
Modules used in Well, recharge, boundary conditions Well, recharge, boundary conditions
the model
Solver PCG LMG PCG .LMG
The number of 50 100

iterations
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Figure 13- A) The water table's value and the groundwater flow direction after calibration and validation. B) the
position of the proposed wells, and the water table created after the optimization of wells.
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Table 4- The amount of water inflow and outflow to different areas of the pit after calibration and validation.

The northern part of the

The central part of the The western part of the

area area area

Water inflow (m?3/d) 824.41 726.69 56.41
Water outflow (m?3/d) -144.61 -710.9 -1504.42
Total 679.79 15.78 -1448.01

Bl el 50 0 (g5l ke s0gue IS 4 (29,5 5 60939 T olime 0 Jgu
Table 5- The amount of water inflow and outflow to the modeled area in a transient state.

First tension Second tension Third tension Fourth tension Fifth tension Sixth tension

period period period period period period Total
Wa;?tr ('S]f%")" © 1698341 8874.65 7137.69 6260.57 5718.21 5355.85
-0.3673
Wateroutflowto 190381 _gg75.03 7138.02 626096 571857  -5356.21
pit (m3/d)
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Table 6- Optimized flow of existing and proposed wells.

Name of the well Longitude(m) Latitude (m) Depth of wells (m) Flow Rate (m3d)
PWO03 333428 3221480 223 -86
PWO04 333037 3221536 250 -96
Existing wells PWO05 332889 3221456 250 -6
PWO06 332677 3221440 241 -13
PWO07 334207 3220869 239 -83
PW10 334020 3221254 249 -106
1 333168 3221538 149 -103
2 333338 3221526 147 -100
3 333636 3221466 151 -86
Proposed wells 4 333803 3221457 150 -113
5 334010 3221486 144 -105
6 334241 3221177 144 -115
7 334315 3220628 142 -71
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