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Extended abstract

Introduction

The Zeydon Plain with an area of approximately 370 Km2 is located in the
southwest of Behbahan city and at a distance of approximately 180 km from
Ahvaz city in Khuzestan province. The geological formations in the study
area include Gachsaran, Mishan, Aghajari and Bakhtiari. The Zohreh River
is an important surface water resource in the area and to some extent
recharging some parts of the Zeydon plain and virtually partially discharging
the aquifer. The main purpose of this research is to detect the
hydrogeochemical characteristics of groundwater resources and to determine
the geogenic and human activities affecting the groundwater quality of the
area. To reach the goal, a combination of graphical and statistical methods
has been taken into account. The dominant water type in the plain is sodium
chloride and the principal component analysis (PCA) and Hierarchical
cluster analysis (HCA), indicated two geogenic factors. The first factor
depicted the strong relationship between sodium and chloride and the second
factor displayed a robust correlation between calcium and sulphate.

Material and method

To assess the hydrochemical quality of groundwater, from 11 sampling
stations samples were collected and analyzed for major ions in the spring of
1400.
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The well log, Piper diagram, iso-potential diagrams, and the composite
diagrams, were used to evaluate the hydrochemical quality of the groundwater
and the ionic exchange characteristics of the Ziduon plain groundwater. In
addition, to evaluate the hydrochemical quality of groundwater, statistical
methods such as factor analysis, correlation and cluster analysis were used. In
this investigation, GIS, AqQa, SPSS20 and Phreeqc | 2.15 were used to prepare
iso-value and Piper's diagrams, compute the saturation index and perform
statistical methods.

Result and Discussion

The piezometer log observations display coarse grains (gravel and sand) in the
southeast, while along the flow direction, the grains are gradually changed into
fine ones (silt and clay). The Zohreh River trending east-west in the Zydoun
plain plays a role in gaining and losing water concerning the Zydoun aquifer and
in turn impacts the groundwater quality of the aquifer. Groundwater flow is
directed to the northeast-south-west in the upper part of the area and directed
east-west in the downstream.

The groundwater is alkaline and pH ranges between 7 and 7.4 and electrical
conductivity varies between 1929 and 4400 micromohos/cm. Based, on Piper's
diagram the dominant water type in the large part of the plain is sodium-
chloride and the end member of the evolutionary sequence of the anion is
chloride. The iso-value map of TDS and major ions exhibited a gradual increase
in salinity in the flow direction, but water quality close to the Bakhtiari
formation is in good condition in comparison to other parts of the area.

To depict the geochemical processes governing the groundwater quality in the
area, composite diagrams, ion exchange and saturation index were accounted
for. Two variable composite diagrams, including (Ca+Mg)-(SO4+HCO3) vs.
Na-Cl and Na-Cl vs. EC were used to distinguish ion exchange and both the
variable diagrams indicated ion exchange and reverse ion exchange. The
samples in the central part towards the northwest of the plain displayed ion
exchange while in the southeast and the vicinity of the Zohreh river reverse ion
exchange was observed. The samples of the Zydoon plain were supersaturated
concerning calcite and dolomite reflecting calcite and gypsum dissolution while
the samples were under saturation about gypsum and halite.

Based on the correlation matrix and Pearson's coefficient of the chemical
parameters, it was realized high correlation between sodium and chloride ions
indicating the dissolution of evaporite minerals in the aquifer, and the high
correlation between calcium and sulfate could be due to the dissolution of
gypsum and anhydrite of the Gachsaran formation in the study area. The
hierarchical cluster analysis displayed 11 variables and classified them into
different clusters. Based on the cluster analysis method, sodium and chloride
variables as well as electrical conductivity and total solutes are placed in a
cluster as the first effective factor responsible for the hydrochemical behavior of
the groundwater system in the region. Due to the strong correlation among
calcium, sulfate and magnesium variables, it could be considered as the second
factor that influences groundwater quality. According to the correlation of the
variables with the use of the cluster diagram, the groundwater resources of the
area can be classified into two groups as shown in the figure below.



o s 10 15 20 25
i I I 1 1

2 zn2 N EE

52 A

Fig 1. Cluster diagram of groundwater samples - Spring 1400.

Conclusion

Comparison of the equivalent value maps of the total dissolved salts and the
direction of the groundwater flow confirms the increase in groundwater salinity
in the direction of the flow and towards the centre of the plain, but in general,
the quality of the groundwater in the southeastern part and in the vicinity of the
Bakhtiari formation is better than the central part of the plain. According to
Piper's chart, the type of water in most parts of the area is sodium-chloride and
the sodium-sulfate type has been observed in only two places. Most of the
samples of the Zeydon aquifer are supersaturated with regards to calcite and
dolomite indicating precipitation of these minerals and under saturation about
gypsum and halite depicting the dissolution of them. Both ion exchange and
reverse ion exchange were taken part in the area and this phenomena along with
precipitation and dissolution of minerals are influencing the hydrochemical
characteristics of the groundwater.

The principal component analysis revealed a strong correlation among the TDS,
Na and CI. This correlation in turn illustrates halite dissolution and salinity of
groundwater. According to the Hierarchical cluster analysis, the groundwater
quality of the area is placed into two groups. The first group is composed of two
subgroups. Subgroup 1 includes samples Znl and Zn2 and the water type was
sodium-sulfate in subgroup 2 samples Znl5 and Znl7 exhibited calcium-
chloride water type. The samples Zn4, Zn5, Zn6, Zn7, Zn9, Zn10 and Znl10
were situated in group 2 and the water type was sodium-chloride. Based on the
Scree method, the first and the second components represented 57.3 and 25.85
% variation respectively. The first component related to the EC, Na and ClI
shows the dissolution of the evaporated gypsum and the embraced halite
particles. Therefore, the salinity of groundwater is mainly related to the
dissolution of the evaporated rocks and the recharge from the Zoreh River.
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Fig 1. Geological map of the study area and sample locations of the Zeydon plain.
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Table 1. Methods used to measure chemical quality parameters.
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Table 2. Results of chemical analysis of groundwater samples in the Zeydon plain.

EC TDS K

pH (slem)  (mg/l) Cl S04 HCO3 (meg/l) Na Mg Ca  Sample

7 4100 2829 18/76 27/32 3/15 0/14  23/36 7/09 18/89 ZN-1

7 4090 2822 18/68 26/71 3/5 0/15 23/36 6/95 18/69 ZN-2
712 3260 2086 20/61 10/44 3/47 0/1 23/92 10/83  9/3 ZN-4
7/5 4190 2682 29/51 11/97 3/15 0/13 2714 4/42  13/04  ZN-5
714 2940 1882  19/57  8/83 217 0/11  18/16 3/92  9/28  ZN-6
7/3 3330 2131  23/57 8/78 2/58 0/09 22/8  3/02 9/36  ZN-7
712 4400 2816  30/55 14/09 3/53 0/15  31/08  6/7 10/6  ZN-9
712 4450 2848 31/81 11/89 3/58 0/15 31/72 4/86  10/9 ZN-10
712 1925 1290 82  10/74 2/69 0/11 8/42  3/34 10/08 ZN-15
712 3960 2614  21/72 18/75 2/36 0/27 23/1  7/84 11/96 ZN-17
714 2970 1901 17/62 10/57 2/62 0/10 18/16  3/3 9/6  ZN-18
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Fig 6. a, b and c) Diagrams of ion exchanges of groundwater samples of the Zeydon Plain.
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