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1. Introduction

Considering the global limitation of water resources,
studying water quality is essential to identify and utilize
these resources as efficiently as possible. The chemical
composition of groundwater is influenced by numerous
factors, including the chemical properties of rainwater and
surface water, the geological and mineralogical structures
of the aquifer and watershed, subsurface geochemical
processes within the aquifer, and the groundwater
retention time.

The Iranshahr Plain, covering an area of 9,436.6 km2,
is situated in the hot and arid region of southeastern Iran in
Sistan and Baluchestan Province. Due to the fine-grained
texture of the Iranshahr Plain, groundwater flow is
reduced, leading to an increase in groundwater retention
time. This extended retention allows for chemical
reactions and the dissolution of soluble deposits in the
groundwater.

In terms of agricultural activity, the Iranshahr region
includes approximately 30,000 hectares of agricultural
land. The primary fertilizers used in the area are urea and
superphosphate. Therefore, studying the chemical
evolution of the region's water resources—considering the
expansion of agricultural lands and the indiscriminate
extraction of groundwater—along with the reduction in
precipitation in the Iranshahr area, is crucial. Such research
can help determine the optimal physical and chemical
quality of water for various uses and assess the degree of
quality degradation.

2. Method

In the Iranshahr Plain, qualitative data were collected from
27 groundwater sampling sites (wells and ganats), time
series data from 50 observation wells on water table levels,
and data on pumping durations and groundwater extraction

rates from the aquifer. These data were obtained from the
Sistan and Baluchestan Regional Water Company.

This study utilized average quantitative and qualitative
data to evaluate and discuss the region's groundwater
conditions. The research focused on analyzing flow
direction maps, topography, ion dispersion, groundwater
types, EC (electrical conductivity) and pH levels, aquifer
withdrawal rates, Piper mineral saturation index charts,
changes in water levels, and results from factor and cluster
analyses.

3. Results

The lag time between rainfall and changes in the water
table has increased around Iranshahr and Bampur cities, as
well as in observation wells farther from the river.
Groundwater withdrawal is higher in downstream areas
compared to upstream regions. Three groundwater types—
Na-Cl, Na-HCO3, and Na-SO,—are observed in the plain.
Electrical conductivity (EC) wvalues increase from
approximately 649 to 7,047 uS/cm from the eastern to the
western parts of the region, while pH levels decrease in the
same direction. As groundwater withdrawal intensifies,
water table levels decline, leading to a simultaneous
increase in electrical conductivity and a reduction in
groundwater quality (Fig. 1).

Most groundwater samples in the region are
supersaturated with respect to calcite and dolomite, which
tend to precipitate. However, the groundwater remains
undersaturated with respect to anhydrite, gypsum, and
halite, indicating a tendency to dissolve these minerals.
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Figure. 1. Time variation of EC, rainfall and water table in the study area.
4. Conclusion

In the study area, the iso-potential map and the direction of
the groundwater flow showed that a large part of the
groundwater from the carbonate unit rocks in the east of
the plain entered the aquifer and moved to the west of the
area, and during this movement, the quality of the
groundwater in the area decreased. The hydrochemical
evolution of the groundwater showed that the incoming
groundwater type was carbonated in the east of the region
and eventually became the dominant type of Na-Cl. The
location of exploitation wells with a higher pumping rate
and high electrical conductivity in the center and west side
of the aquifer has caused a drop in the water table and a
decrease in the quality of groundwater. Based on the lag
time values between precipitation and its effect on the
groundwater, it can be said that the direction of the
groundwater flow mainly follows the topography of the
region and in urban areas due to the reduction of
permeability and high harvesting and in the downstream of
the aquifer due to finer particles. Finally, it can be said that
natural geological factors and groundwater harvesting are
the factors influencing the quality of the ground water in
the aquifer.
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Hydrogeochemical Evolution in Aquifer of Iranshahr Plain
Reza Jahanshahi, Masoomeh Navardi, Naser Asadi, Mohammad Reza Mirbalouchzehi

Abstract This research investigated the hydrochemistry and quality of the groundwater resources in the lranshahr
plain, Sistan and Baluchestan Province, South East of Iran. Major ions, electrical conductivity and pH of groundwater
have been studied in 27 points of deep, semi-deep wells and ganats in the study area. According to the results, the
topographic elevation of the plain decreased from east to west and the direction of ground water flow was from east to
west too (almost parallel to direction of the seasonal river in the study area). The lag time between rainfall and water
table showed that around of Iranshahr and Bampur cities and observation wells far from river were increased. In the of
plain groundwater extraction amount in the downstream of plain was more than upstream. There were three types of
Na-Cl, Na-HCO3, and Na-SO4 in the groundwater of study area. The amount of EC increased from about 649 to 7047
pS/cm from east to west of plain, while the pH decreases in this direction. Simultaneously with the decrease in the level
of water table due to extraction from the aquifer, the process of increasing the electrical conductivity and decreasing
the quality of the groundwater had happened. Most of the groundwater samples in the study area were supersaturated
with respect to calcite and dolomite (tend to precipitate), while they were undersaturated with respect to anhydrite,
gypsum, and halite (tend to dissolution). Generally, geology setting and groundwater are factors effecting the quality
groundwater.

Key words Groundwater, Hydrochemistry, Lag time, Mineral saturation index.
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