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Abstract

Chahderaz plain aquifer provides 25% of required fresh water of Golgohar mining Industries. The problem
of the aquifer is salinity increasing that appears in all 8 wells of the Golgohar mine in the plain since next
20 years. The salinity is enhanced from TDS=800ppm, in 20 years ago, to 5966ppm now. The first reason
of the salinity increasing is drought of this region that causes unbalancing between the precipitation and
the evaporation rate of the plain. But both quantitative and qualitative groundwater models of the plain
illustrate traditional method of flood irrigation in the pistachio fields of the plain can increase 44703ppm
the TDS of the aquifer during next century. The models predict if artificial recharge project (Arc Percolation
Tank) develops on the plain, the TDS increasing of groundwater would not exceed more than 2693ppm
during the same period. This method can recognize as a long-term solution of quality assurance of each
groundwater that need to remediation; the reason that made Golgohar Mining and Industrial Company
totally accept the cost of implementing this project.
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Introduction

Groundwater flow in the Chahderaz plain of Kerman province, south of Iran, has special
conditions [1,2]. Eight wells of this plain supplies 25% of the Golgohar iron ore industries
(96 liter/second). The mine is the largest iron ore in Iran (Figure 1) and has the chain of steel
making, from mill production to pig iron. Mining activities of the Golgohar has been started
since 2002 [1,2]. There is a developing program in this mine that exceed the water consumption
from 13 mega cube meters per year to 60 mega cube meters per year; therefore, ensuring
of the quality saving of the water resources and risk manager programs for water supplying
in order to guarantee the mineral processing is essential for the company. Groundwater is
Extracting and transferring from the wells to the mine site using two 21km transmission
pipelines. Groundwater studies for developing of water resources, drainage of mine and
other aspects of the mine hydrogeology have begun since 1969. There are 55 piezometric
and observation wells in the plain those are concisely monitoring each month. The average
water table status of the plain can be illustrated as follows in Figure 2. It shows a 10-year
continuous groundwater draw down of the plain. This plain is restricted between the ranges
of 372250-344140 the North and 32288480-3198480 the East. It has two alluvial aquifers,
those thickness are changes between 20m (in the North-west) to 280m (at the center of the
plain). Its area is 659 square kilometers. The general groundwater flow direction of the plain,
similar to its runoff direction, is from the South-east to the North-west [1,2]. The destination
of the flow path is Kheirabad salt pan in the North-west. The depth of groundwater changes
from 5 meter (in the North-west) to more than 200 meters (in the South-east). In addition
to eight wells of the mine, there are two other wells belong to farmers in the area. The plain
includes two aquifers, freshwater in upper side and saline one in beneath (Figure 3). Interface
zone between the two aquifers is gently moving toward the South-east of the plain in last
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centuries. But salinity from the bottom of the extraction wells of the =~ 314 square kilometers. The salt pan and its surrounded basins are
plain is also rising as an Up-coning phenomenon (Figure 3), which  in the southernmost part of the central desert of Iran. The average
occurs beneath a pumping well and shows a hydrostatic imbalance  long-term precipitation of the plain is 146.1mm. Figure 4 shows the
between saline water and freshwater [3]. The area of the salt panis precipitation histogram of the plain.
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Figure 1: The study area, a) geological map, b) the location of Golgohar, general iso-potential lines, and the plain
boundaries.
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Figure 2: Water table status of the plain.
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Figure 3: The up-conning phenomenon in the Chahderaz.
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Figure 4: The long-term precipitation histogram of the Chahderaz plain.

The average evaporation height in the Chahderaz plain is
2850mm/year. The most important reason for the salt pan creation
is unbalancing between the precipitation and the evaporation in
recent centuries. But it seems irrigation method of the region’s
farmers can accelerate salinity. There are more than 1,150 wells
around the Kheyrabad plain. Naturally, irrigation method can
effect on developing of salinity of the salt pan and its groundwater.
Groundwater modeling technique can verify this demand. The
agricultural wells of the Chahderaz are like the other 1150 wells

of the Kheirabad salt pan. All of farmers of these wells use flood
irrigation method in their farms. In this method farmer release
water on field until it is sinking few centimeters. Evaporation
concentrates the irrigated water and exceeds TDS of surplus
water. If it penetrates via field terrain, it will destroy quality of
groundwater. To prove this process, the modeling of the Chahderaz
groundwater is made. The schematic of the conceptual model of the
plain is shown in Figure 5.

Figure 5: The conceptual model of the groundwater of the Chahderaz plain.
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Materials and Methods

Groundwater models were applied for remediation of
groundwater [4-13]. GSM Groundwater Modeling System)
is a powerful device for water modeling and simulating any
groundwater [14-16]. The GMS is applied for modeling of the
Chahderaz groundwater. Then, the extracted velocity vectors of this
model were used as inputs of the MT3DMS (Modular Transport,
3-Dimensional, Multi-Species model) modular model [17,18]. The
purpose of this study was to determine trend of future groundwater
salinity changes. The period of model was defined one year. Model
was run to make a 100-year period prediction of groundwater
quality changes. The author supposed these factors during the
modeling of the plain and two agricultural wells: the farmers are
irrigating their farm 9 times in a year. Discharge rate of the two
wells is 50 liters/second (25 litters/second for each). The initial
TDS of the well is 5966ppm. The area of their cultivation field is 238
hectares. The evaporation is caused to add 15% of to the salinity
of the irrigation water each time, which can penetrate about 1.38
million cubic meters per year from the field into the groundwater.
The coefficient of storage, or S, calculates from 0.00012 to 0.00174.
The precipitation of the plain is 1.08 million cubic meters per year.
The groundwater plain output is 0.7 million cubic meters per year.
The groundwater storage decrease is 0.6 million cubic meters per
year. The irrigation water is 1.96 million cubic meters per year and
the groundwater inputs is 3.58 million cubic meters per year.

Results and Discussion

The (Figure 6) respectively shows the result of salinity

increasing prediction of the plain groundwater during next century:.
The continuation of flood irrigation over the next hundred years
will cause this environmental disaster. It shows the current
groundwater TDS of the plain will increase 44703ppm (from
5966ppm). The effect of evaporation on flood irrigation method is
considered by these two wells in this modeling, however, increasing
of fertilizers to water irrigation can extra increase the TDS (Figure
6). It seems the effect of other 1,150 wells, which irrigated the
Kheirabad salt pan fields during last centuries, is like these wells
effect on groundwater. Therefore, this irrigation method has had
very destructive effect on salinity increasing and salt pan creation.
The future predicting of salinity in groundwater of the plain shows
it needs a remediation action. Consequently, an artificial recharge
planning in the Chahderaz plain was settled to carry out by the
Golgohar Company. The main aim of this project was to remediate
the aquifer quality. More than 7000 Arc Percolation Tank (APT)
was made on the plain during 2016-2019. The lengths of each APT
arc are about 50 meters, and they are made by local soils using
eleven loaders. The locations of the APTs were determined by a GIS
project. One of them is shown in Figure 7, which is filling after the
March 2018 precipitation. A second modeling was developed for
simulating the effect of these new APT structures on groundwater
quality. The results were fantastic, which are shown in Figure 8.
Accordingly, after construction of the APT structures, the maximum
increasing of TDS will be only 2659ppm during the next 100
years. Accordingly, the problem of irrational irrigation method of
farms can be compensated in a different way. It can be saying the
groundwater remediation is happened and started on the plain.
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Figure 6: TRespectively shows the result of salinity increasing prediction of the plain groundwater form now to 100
year later. Results of the MT3DMS software.
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Figure 7: An Arc Percolation Tank (APT) structure in the Chahderaz plain.

Conclusion

a.  The quality of the Chahderaz aquifer is at risk in future.
Particularly, the farmers of the plain used to flood irrigation.
This will endanger the water supply of the Golgohar mining
industries.

b.  Groundwater flow modeling shows that if no action is
taken in the plain, the TDS of the wells will increase more than
44,000ppm during the next century. Therefore, the aquifer
will not be convenient for the mine industries and the farmers
during next years.

c.  More than 7000 APTs have constructed as a simple
method of artificial recharge of the plain.

d.  Groundwater modeling by the GSM and the MT3DMS show
these structures can compensate the future TDS increasing.
Thus, the groundwater quality remediation of the plain was
carried out.

e.  Flood irrigation can be introduced as another important
factor in salinity increasing and salt pan developing (after
imbalance between evaporation and precipitation).
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