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1-Introduction

Groundwater salinity and contamination, especially in carbonate formations, are one of the most critical
challenges of water resources management. Carbonate formations in folded Zagros play the role of
reservoirs not only for oil but also for water. The study of contamination sources shows that sometimes,
tectonic conditions, spatially in Zagros Folded caused interference and adjacent salinity sources from the
oil field brine with high-quality karst waters resources. In addition to hydrocarbon contaminants, due to
the existence of evaporative formations such as Gachsaran, that are rich in salt minerals, salinity can be
infiltration by leaching to the karst water resources. The entry of pollutants from oil reservoirs and
evaporation formations reduces the quality of water and creates environmental problems. Therefore,
recognizing the contamination and understanding the mechanism of this process can help to determine
the location of the contamination mixing point and provide a solution for the discharge of water before
contamination. Sargrou is one of the famous springs of Dehloran city which due to the high salinity and
the presence of some pollutants is not exploited and the spring water contaminated Dehloran surface
water and groundwater. Due to the importance of Sargrou springs in Dehloran area and the qualitative
effects of this spring on other water resources, in this research, the hydrogeochemical characteristics of
spring water were evaluated.

A wide range of studies have been carried out on the evaluation of hydrochemical properties of
pollutants in the world (Kalantari et al., 2007; Rezaei et al., 2009; Chitzazan et al., 2012; Masror et al.,
2016; Mohammadi et al., 2016; Mirzaie et al., 2012; Marie and Vengosh, 2001; Karimi and Moore
2008; Moore et al., 2009; Wang, 2012). The general method used in these studies included a study of
hydrochemical processes, analysis of ions, and the use of ion ratios to determine the origin and
interactions of water flow.

2-Methodology

Sargrou Springs is located in western Iran, near Dehloran city (one of the main cities of the Ilam
province) and is situated 47°17 E longitude and 32°43 N latitude. Fig. 1 shows the location of Sargrou
Springs. The altitude of the study area is 290 m above sea level. The average annual rainfall base on the
Dehloran rain gage is about 426 mm and the average annual temperature is 26.2 ° C. Sargrou springs
characterized by high-temperature water (about 40 degrees) and the exit of sulfur gas from the outlet of
the spring. Base on the tectonic divisions, the study area of Sargrou is on the western part of the Zagros
folded area. The age of the geological formations that outcropped in the region is related to the
Cretaceous lower to the recent. From the old to the new, Sarvak, Pabdeh, Gurpi, Asmari, Gachsaran,
Aghajari, and Bakhtiari formations occur in the study area.
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Figure 1. Location of the study area in Iran and Ilam province.

The hydrogeochemical evaluation process in this study includes collecting existing data, performing
sampling and doing new tests, assessing the quality of data, implementing data in the GIS system, and
using the hydrochemical analysis on the data.

3-Results and discussion

The hydrochemical data collected from Ilam Water authority to investigate the hydrochemical study of
the Sargrou spring and to complete the available data, four-stage data sampling periods was performed
in different seasons. Statistical methods evaluated the quality of the collected data. Graphical methods,
composite diagrams analysis, ion ratios methods, ion exchange diagrams, and salinity ratios indicator
were used for hydrochemical analysis. Graphical methods such as the piper diagrams generally used to
identify the hydrochemical facies, water type, and geochemical evolution in aquifers. The piper
diagrams of spring data show that the dominant type of samples is CI-Na (Fig. 2).
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Figure 2. Paiper diagram of hydrochemical samples.

The water type represents the dissolution of halite or mixing with a salinity source in spring water
resources. Composite diagrams are used to determine the geochemical processes of groundwater.
Investigating of TDI diagrams versus lons and chlorine shows that the dissolution of gypsum and
oilfield brine are the most critical hydrochemical processes in the Sargrou spring. The ion exchange
diagram is used to investigate the reaction of water dissolved with its environment. Sargrou ion-
exchange diagrams show that sodium is affected by the reverse ion exchange process (Fig 3).
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Figure 3. Sargrou ion exchange diagrams.

Bromine (Br), lithium (Li), and iodine (I) are elements that are used to detect salinity factors, especially
in determining the relationship between water resources and deep oilfield brine.

Investigating the concentration of bromine and iodine in Sargrou water samples confirms the relation
between springs and oil oilfield brine.

4-Conclusions

1. Based on the analysis of spring data in the piper diagram, the dominant water type is Cl-Na in all
samples.

2. The results of the study showed that spring water is unusable for drinking and agricultural usage.

3. The distribution of data pattern in Composite diagrams indicates the mixing of spring water with
gypsum waters and deep oil field brain.

4. The distribution of points in the ion exchange diagrams represents reverse ion exchange, mixing the
oil field brain and dissolution of gypsum in the region.

5. The determination of the amount of bromine and iodine and their relative weight with chlorine also
confirms the mixing of Oilfield brines with spring water
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Fig. 1. Location of the study area in Iran and Ilam province.
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Table 2. lon ratios of wet season samples.

" Na Mg Cd_ Ca+Mg € C  HCO3
o Na+Cl Ca+ Mg Ca+S04 S04 Sumanions HCO3 Sum anions
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Table 1. lon ratios to determine of rock origin (Hounslow, 1995).

Na* >0.5 Sodium source other than halite—albite, ion exchange
Na* + CI~ =0 Halite solution
<0.5 TDS =500 Reverse softening, seawater
<0.5 TDS <500 >50 Analysis error
<0.5 TDS <50 Rainwater
HCO35
S‘lO: > 10 Carbonate weathering
Mg?* =05 Dolomite wealhsr_ing .
e <05 Limestone-dolomite weathering
Ca® + Mg >0.5 Dolomite di ion, calcite precipitation, or
HCO;
< m .
S0, Silicate weathering
>0.5 Ferromagnesian minerals
<0.5 Granitic weathering
Ca?* =05 Gypsum dissolution
Ca®* + 503 <0.5 pH <5.5 Pyrite oxidation
<0.5 neutral Calcium removal—ion exchange or calcite precipita-
=0.5 tion
Calcium source other than gypsum—carbonates or
silicates
Ca®* + Mg** >0.8 and <1.2 Dedolomitization
SOz~
TDS >500 Carbonate weathering or brine or seawater
<500 Silicate weathering
Cl- >0.8 TDS =500 Seawater, or brine, or evaporites
sum anions >0.8 TDS <100 Rainwater
<08 Rock weathering
HCO; >08 Silicate or carbonate weathering
Sum anions <0.8 sulfate high Gypsum dissolution

<0.8 sulfate low Seawater or brine
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Table 4. The chemical parameters for separation of salinity sources

(Richter and Kreitler, 1993).

Chemical parameter

Cl, Br, |

Br/Cl, Na/Cl, I/Cl

Mg/Cl, K/CI, Ca/Cl,

(Ca+Mg)/ SOy, Sr

S-34, 180

K/Na, Br/TDS

(Ca+Mg)/ (Na+K), Na/Cl

Ca/Cl, Mg/Cl, SO,4/CI,

Br/Cl, 1/Cl,

K/Cl, (Ca+Mg)/ SOy,

S0,/ (Na+K), SO,/ TDS,

SO,/Cl  180/D

Cl, Major ions

14C, 3H

1/Cl, B, Ba, |

180, °H, °cC

Ca/Mg, CI/SO,, BICI, Ba/Cl,
Br/ClI

Cl, Br, Major ions

Na/Cl, (Na+CI)/TDS

Ca/Cl, Mg/Cl, So4/Cl, Br/CI

1.CI, Major ion ratios,

Li/Br, Na/Br, Na/Cl, Br/CI

CL,NO;, Cl/NOs, K, TDS

Salinization Sources

Natural salin water versus
others

Halit-Solution brins
versus others

Sea water intrusion versus
others

Qil field brines versus
others

Agricultural effluents
versus others

S0,
Ca/Cl, Mg/Cl, SO,, Cl, NO;
Cl, Major ion ratios, Br/Cl Dye

Saline seep versus others

Roadsalt versus others
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Fig. 17. Weight ratio diagram of Na versus CI (wet season).
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Fig. 18. Weight ratio diagram of Na versus Cl (dry season).
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