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The saline water intrusion to aquifers in arid regions is one of the major
challenges in the development of water resources. In this research, the risk
of saline water intrusion near a salt playa in Sirjan plain was evaluated by
modifying and optimizing the GALDIT model. Parameters such as aquifer
type, aquifer hydraulic conductivity, groundwater level, distance to the salt
playa, the current status of saline water intrusion, and aquifer thickness
were used to zone the risk of saline water intrusion. To modify and
optimize the GALDIT model, a single parameter sensitivity analysis
method, analytical hierarchy process, and fuzzy logic were used. According
to the different models’ results, the Sirjan plain was classified into three
saline water intrusion risk zones namely: low, moderate, and high.
Groundwater electrical conductivity and chloride ion concentration were
employed for the validation of the results of the models. Achieving results
shows that the fuzzy logic is the best method for optimizing the GALDIT
model. So that the correlation coefficients between the results of the Fuzzy
GALDIT model results and parameters of electrical conductivity and
chloride ion concentration are equal to 0.88 and 0.90 respectively.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

freshwater aquifers is a common environmental
problem.

As a result of human activities, aquifer
salinization has increased in recent years and
causing irreparable economic and environmental
impacts. Saline water intrusion is not limited to
islands and sea coasts, but it is possible for saline
water to move from deserts, swamps, and saline
water pits to nearby freshwater aquifers. Due to
its dry climate, Iran has abundant deserts. As a
result of the limitation of surface water resources
and the high extraction of groundwater in desert
areas, the intrusion of saline water into
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In recent years, several studies have been
conducted in the field of saline water intrusion
into freshwater aquifers. Looking at the
conducted research, it is clear that most of these
researches investigated the vulnerability of
groundwater resources to saline water intrusion
in coastal areas. There are not many studies
about the saline water intrusion into aquifers near
salt flats and desert areas. For this reason, this
study was conducted in order to evaluate the
vulnerability of the Sirjan plain aquifer against
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Assessing the Risk of Saline Water Intrusion to Aquifer Adjacent to a Salt Playa

the intrusion of saline water from the adjacent
salt playa.

Material and Methods

The study area is Sirjan plain in the southeast of
Iran. This plain is located near a large salt playa.
Sirjan's salt playa is a lake during the rainy
season and turns into a large salt flat during the
rest of the year. To protect the Sirjan plain
aquifer, the risk of saline water intrusion was
evaluated using GALDIT model. The capabilities
of geographical information system (GIS) have
also been used for this purpose. The GALDIT
model takes into account six parameters:
groundwater occurrence (aquifer type), hydraulic
conductivity of the saturated media, groundwater
level, distance to the salt playa, existing status of
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saline water intrusion and the aquifer thickness.
Salt water intrusion index, which is also called
GALDIT index (GI), is calculated using Eq. 1.

O (RW)/ Z0, W, (D

Where, R and W represent the rate and weight of
the desired parameter (i), respectively.

In this research, three methods were used to
optimize the GALDIT model. These methods
include single parameter sensitivity analysis,
analytical hierarchy process, and fuzzy logic.

Results
The saline water intrusion risk maps are shown
in Fig. 1.
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Fig. 1 Zoning of saline water intrusion risk based on different models: a) GALDIT model, b) GALDIT spsa

model, c) AHP-GALDIT model and d) Fuzzy GALDIT model
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According to GALDIT model result (Fig. 1a), the
Sirjan plain has been classified into three zones
of saline water intrusion risk. These zones are
low, moderate, and high. The greatest risk of
saline water intrusion is observed in areas
adjacent to the salt playa. The aquifer sediments
are mostly fine-grained in these areas. The
groundwater level is also at a lower height.
Therefore, there is a high risk of saline water
intrusion.

The risk map of saline water intrusion prepared
by the single parameter sensitivity analysis
model (GALDITspsa) is presented in Fig. 1b. As
it can be seen in Fig. 1b, the moderate
vulnerability class has occupied the largest area
of the Sirjan plain. Fig. 1¢ shows the risk map of
saltwater intrusion based on the combination of
the analytical hierarchy process and the GALDIT
model. The results of this model (AHP-GALDIT
model) are very similar to the results of the
GALDIT model. The saline water intrusion risk
map based on the Fuzzy GALDIT model is
presented in Fig. 1d. Based on the results of this
model, the zones of low, moderate, and high
saline water intrusion risk have been allocated
55.35, 30.7, and 13.95% of the area of Sirjan
plain, respectively.

In order to evaluate and compare the results of
the different models, the correlation coefficient
between the final map obtained from each model
and the qualitative parameters representing saline
water intrusion (electrical conductivity and
chloride ion concentration) have been calculated.
According to the results, the GALDIT and AHP-
GALDIT models have acceptable results in
assessing the risk of saline water intrusion, but
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the GALDITspsa model did not have an
acceptable performance. The results of the Fuzzy
GALDIT model show the highest correlation
with water quality parameters. The correlation
coefficients of the results of this model with

electrical conductivity and chloride ion
concentration are equal to 0.88 are 0.9
respectively.
Conclusions

The results of this research showed that despite
the fact that the GALDIT model was developed
to assess the risk of saline water intrusion in
coastal areas, this model was able to evaluate the
vulnerability of the Sirjan plain aquifer to
saltwater intrusion from the Sirjan salt playa.
Among the methods used in this research, the
fuzzy logic method is the best method to
optimize the GALDIT model.

The results of this research will be a suitable
guide for the management of groundwater
resources in Sirjan plain. It is suggested to use
the GALDIT model to assess the risk of saline
water intrusion in aquifers adjacent to saline and
evaporative areas in other regions of the country.
By comparing and evaluating the results, a
comprehensive model can be introduced to
assess the risk of saline water intrusion in such
areas.

Data Availability
The data can be sent by email by the
corresponding author upon request.
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Vulnerability Classes

Parameter : -

Very low Low (5) Medium (7.5) High (10)
Groundwater occurrence Bonded  Leaky confined Unconfined Confined
Aquifer hydraulic conductivity (m/d) <5 5-10 10-40 >40
Level of groundwater (m) >2 1.5-2 1-1.5 <1
Distance to salt playa (m) >1000 750-1000 500-750 <500
Existing saline water intrusion (CI/HCO3) <1 1-1.5 1.5-2 >2
Thickness of aquifer (m) <5 5-7.5 7.5-10 >10
Saline water Intrusion Risk - Low (2.5-5) Medium (5-7.5)  High (7.5-10)
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Parameter Theoretical Th§oretica1 ' Effective weight (%) Effecti\{e or real
weight weight (%) Min Max  Mean SD weight
G 1 6.7 5.36 13.04 9.62 1.55 1.4
A 3 20.0 8.82 34.29 20.56 43 3.1
L 4 26.7 9.76 39.02 19.42 7.73 2.9
D 4 26.7 8.51 39.02 13.34 3.14 2.0
I 1 6.7 3.03 15.38 11.41 2.54 1.7
T 2 13.3 14.29 34.78 25.65 4.14 3.8
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