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considered in water resources management, environmental decision-making and
planning, natural resources, and agriculture. The Evan Plain is located in
Khuzestan province, southwest of Andimshek. In this Plain, we see an increase
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in groundwater level and a decrease in groundwater depth compared to the earth's
surface. For this purpose, to prevent problems in the not-too-distant future, it is
necessary to examine the recharge sources in this Plain carefully. We conducted
isotopic and hydrochemical sampling in wet (April 2023) and dry (July 2022) to

Keywords: ) evaluate Evan Plain's recharge resources. The results of hydrogeological
Evan ) Plain, | investigations of the region, hydrochemical analysis, and statistical analysis of
hydrogeology, isotope, : hierarchical clustering (HCA) all indicate that the groundwater samples of Evan

recharge sources. Plain fall into two groups. Atmospheric precipitations influence the first group,
and the second group indicates the hydraulic connection with the Abbas Plain.
Also, the agricultural return water from the irrigation and drainage networks

effectively recharges this group.

1) Introduction
Groundwater is one of the most critical water resources in the world. Water demand continuously
increases worldwide, especially in arid regions (Chen et al, 2015). Global groundwater withdrawal has
reached about 1500 Km3 annually (Parlov et al, 2012), which is more than the natural recharging of
groundwater. In addition, many alluvial aquifers are suffering from groundwater depletion, which has
become a global issue (Wada et al, 2012; Gleeson et al; 2015). On the other hand, in some of the existing
plains, we are facing the problem of increasing the groundwater level, which will reduce the depth of
the groundwater compared to the surface of the earth, and as a result, it will bring the risk of
contamination of the underground water and other problems. All these problems point to the necessity
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of research and careful examination of groundwater recharging mechanisms that make sustainable
management of groundwater resources possible, in other words, guaranteeing sufficient drinking water.
In this field, researchers have conducted many studies using hydrochemical methods, statistical
analysis, isotope studies, etc., which can be referred to the research done by (Fu et al., 2018; Kumarjoshi
etal. , 2018; Mandic et al., 2008; Marques et al., 2013).

2) Materials and Methods

This research was done in Evan Plain, located in Khuzestan province. This Plain, with an area of 195
km2 is located at a distance of 140 kilometers from Ahvaz city in the northwest of Khuzestan province
on the road from Andimshek to Dehlran. This Plain is in the shape of a triangle, whose eastern side is
bounded by the Karkhe River, its southwestern side by the Dusleq Plain, the northwestern side by the
Karkhe Dam, and its western tip by the surface outlet of the Abbas Plain (Kalantari et al., 2012). The
studied area is a part of the folded Zagros structural sedimentary basin. In terms of stratigraphy, the
most important sedimentary units of the region are related to the Bakhtiari formations and Lehbari
section. These formations are the most important factors influencing the region's groundwater quantity
and quality. In this area, the Bakhtiari Formation is not very strong; over time, it has lost its carbonate
cement due to water erosion, and in the form of alluvium, it has filled the Syncline. In order to carefully
examine the recharging sources of the Evan Plain aquifer, from groundwater sources (wells), irrigation
and drainage network, Karkheh dam reservoir, precipitation, and river during two periods in July 1401
(dry period) and April 1402 (dry period) sampling through field and laboratory measurements,
hydrochemistry of major ions (two wet and dry periods), and stable isotopes (one dry period). The
chemical analysis of main anions and cations (Ca2+, Mg2+, Na+, K+, Cl-, S042-, Hco32-, Co32-) was
performed in the Khuzestan Water and Electricity Organization laboratory. Also, isotopic samples were
sent to Mesbah Energy Company of Arak Province for analysis. Flow direction maps, groundwater
depth maps, Piper diagram, statistical method of Hierarchical Clustering Analysis (HCA), and isotopic
methods have been used to investigate the recharging sources of Evan Plain. To achieve the goals of
this research, Excel, Agq.QA, Surfer, XLSTAT, and Arc GI1S10.5 software have been used.

3) Results and Discussion
Knowledge of the existing hydrogeological situation in a region is one of the important parts of
identifying and diagnosing the flow process and interactions in groundwater sources. According to the
information from the Khuzestan Water and Electricity Organization, there are 14 piezometers in Evan
Plain. This area's average water level in 2022-2023 is 102.36 meters. It should be mentioned that since
2000, due to the construction of the irrigation and drainage network and also the high exploitation of
the Karkheh River, the extraction of groundwater by pumping from exploitation wells has decreased So
that the level of the aquifer goes through a relatively uniform and upward trend from 2000 onwards.
The hydrograph of the Evan Plain aquifer has been drawn based on the statistics and information from
2001-2002 to 2023-2024 to monitor the groundwater condition. The results showed that the changes in
the groundwater level during this period showed an increasing trend, although this increase indicates
proper recharging of the aquifer. However, if the aquifer is not properly managed and the recharging
sources of the Plain are not identified, irreparable damages such as waterlogging of the lands can be
caused. In this regard, the equipotential and flow direction maps were also drawn. The flow direction
map showed that the general direction of the flow is from north and northwest to south and southeast.
In this Plain, the Karkhe River acts as a drain in some parts of its path and recharges the Plain in other
parts. Also, the groundwater depth map shows that the rise of the groundwater level is higher in the
eastern and southeastern parts due to the low ground level. In other words, the water in these parts is at
a shallower depth (5 to 15 meters from the ground) than in other parts of the Plain. Also, according to
the flow direction map, the flow enters the region from the north and northwest, and Abbas Plain is
located in this area. For this purpose, the flow direction map and the groundwater depth map were also
drawn for Abbas Plain for two dry periods (April 2023) and the dry period (July 2022). The flow
direction map drawn in Abbas Plain showed that the flow direction is from north and northwest to south
and southeast, leading to Evan Plain. In the discussion of hydrochemistry, Piper's diagram was used to
determine the differences and similarities, mix between sources, and examine temporal and spatial
changes in the type of water resources (Mohammadi Behzad, 2011). In the discussion of
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hydrochemistry, Piper's diagram was used, which is generally used to determine differences and
similarities, mix between sources, and investigate temporal and spatial changes in the type of water
resources (Mohammadi Behzad, 2011). According to this diagram, the dominant type of groundwater
in Evan Plain in wet and dry periods is magnesium and calcium sulfate. Also, in this diagram, the
samples taken are placed in two groups, meaning the samples from each group have the same origin.
Hierarchical cluster analysis (HCA) was used to divide the samples into distinct groups that are
geologically and statistically significant (Willames and Steinhorst, 1985). Hierarchical clustering
analysis according to the hydrochemical characteristics of the underground water samples of Evan
Plain, Abbas Plain, as well as the groundwater samples between the two plains, the irrigation and
drainage network samples of Evan Plain, the samples of Karkheh River, 2 clusters have been considered
for them. The location of cluster 1 samples, according to the location map of the samples taken, showed
that these samples have a similar hydrochemical composition. Furthermore, it can be seen that the
samples in cluster 1 have the same origin. The samples placed in cluster 2 show that the water of the
Karkheh River influences the groundwater samples in this part of the Evan plain, the irrigation and
drainage network, and the flows from the Abbas plain. Also, according to the location map of the
samples taken, it can be seen that these samples are located in a range. Then, stable isotopes of oxygen
18 and deuterium were used, one of the new and accurate methods for studying the origin of water
resources (Clark, 1997). In order to carry out isotopic studies, the local meteoric water line of the studied
area was drawn in the first step. That in order to draw the local meteoric water line of Evan Plain,
rainfall samples were used in two different periods, i.e., May 202 and February 2023. The water
resources are divided into two groups by placing the isotopic content of the samples taken on the
distribution map of 6180 compared to 62H. The first group includes some groundwater samples of
Evan Plain, which are located around and almost on the local meteoric water line, which means that the
samples of this group are affected by evaporation and recharging caused by precipitation. The second
group is related to other groundwater samples of Evan Plain, groundwater samples of Abbas Plain,
Karkhe River, irrigation and drainage network, and samples from Karkhe lake and dam. The placement
of these samples next to each other indicates that there has been mixing in this group, and they have the
same origin.

4) Conclusions
This research evaluated the factors that are effective in recharging Evan Plain's groundwater resources,
and the results of each of analyzes carried out in the geological, hydrogeological, hydrochemical,
statistical, and isotopic studies include the following:

Hydrogeological investigations show that the average water level in the Evan Plain in the water year
2022-2023 is about 102.36 meters.

The hydrograph of Evan aquifer was drawn based on available statistics and information from the water
years 2001-2002 to the water years 2023-2024. It shows the increasing trend of groundwater level
changes.

Flow direction map and iso-depth map were also drawn. According to the flow direction map, the
general direction of the flow is from north and northwest to south and southeast. Moreover, according
to this map, the Karkhe River generally drains the Plain of Evan, but it recharges the Plain in parts of
its course. The groundwater depth map shows that the rise of the groundwater level is higher in the
eastern and southeastern parts due to the lower ground level.

According to the flow direction map, it was found that the flow that enters the Evan Plain from the
northwest and southwest is from the Abbas Plain. The results of drawing the flow direction map in
Abbas Plain also show that the flow is towards Evan Plain.

The results of Piper's diagram in two wet and dry periods showed that the dominant type of groundwater
in Evan Plain is magnesium sulfate and calcium sulfate. Also, the results of drawing the Piper diagram
show that the samples taken are in two groups. The first group is several groundwater samples of Evan
Plain, located in the northern and northeastern parts of the Plain. The second group, which is almost in
the same range and represents the same origin and water mixing of these samples with each other,
includes some other groundwater samples from Evan Plain, which are in the water flow path from
Abbas Plain to Evan Plain, the groundwater samples of the Abbas plain, the groundwater samples
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between the two plains of Evan and Abbas, the Karkheh, the irrigation and drainage network, and also
the samples related to the Karkheh dam.

Hierarchical clustering analysis (HCA) according to the characteristics of hydrochemical parameters of
groundwater samples of Evan Plain, Abbas Plain, and also groundwater samples between the two plains,
irrigation and drainage network samples of Evan Plain, Karkheh River samples, has 2 clusters for them
that means that Evan Plain has two origins in terms of hydrochemical parameters.

The results of isotopic studies and drawing the graph of 580 compared to °H showed that the samples
are in two groups. The first group includes several groundwater samples of Evan Plain, which are
located around and almost on the local meteoric water line, so the samples of this group are affected by
evaporation and recharging caused by precipitation. The second group is related to other groundwater
samples of Evan Plain, groundwater samples of Abbas Plain, Karkhe River, irrigation and drainage
network, and samples from Karkhe lake and dam. The placement of these samples next to each other
shows that this group has the exact origin.
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