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Abstract

An increase in soil and water salinity is one of the world’s problems that are an obstacle to economic and
agricultural development. The Arvand river (Shatt Al-Arab), one of the most critical border rivers, is facing a
significant decrease in the quality of water and soil due to the intrusion of salty water from the Persian Gulf,
which is considered a severe threat to the region. It is formed from the intersection of the Tigris and Euphrates
rivers and finally flows into the Persian Gulf. In the current research, the simulation results determined that in
the average inflow conditions of Arvand, the saline front penetrates the river up to 60 km from the downstream
and affects the river’s water quality. Then the effect of river water salinity on soil salinity was done from two
aspects, soil salinity by direct infiltration from riverbanks and soil salinity by long-term use of river water for
irrigation. The results showed that in 188 km from the upstream of the river, up to 242 meters, saline water
affects the soil on both sides of the river, and in the south of Abadan, this saline band disappears. The prediction
of land salinity by irrigation with river water in steady conditions showed that the average salinity of saturated
soil extract in Iran in Al-gasbah and in Iraq south of Faw region reaches 97.3 ppt.
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Extended Abstract

Introduction

In recent decades, water and soil quality in downstream areas has been affected by using water
resources in upstream. The intrusion of saline water from the sea into the river is a well-known and
momentous phenomenon. In addition, one of the human problems, especially in arid and semi-arid
regions, is the process of land salinization, which is one of the main phenomena of land destruction.
All soil salinity factors can be divided into two general parts, primary salinity with the natural source
and secondary salinity due to human activities or mismanagement. One of the factors of soil salinity is
the reduction of river water quality, which is widely used for agricultural purposes. The estuary of
tidal rivers is the place where saline water enters the fresh river water. Most studies have been
performed on land reclamation that has already been damaged by water salinity, and less
comprehensive attention has been paid to the issue of soil salinity in susceptible land such as border
areas. Also, the combination and modeling of two processes of seawater salinity intrusion into
freshwater of the river and its effect on soil salinity of the surrounding lands by direct infiltration from
the riverbanks and by irrigation is the difference between this study and previous studies. This
research is comprehensive due to the selection of the border river, the estimation of salinity infiltration
along the river, and the combined effects of direct water infiltration from the riverbanks and tidal
irrigation on date palm cultivated soils and lands on both sides of the river.

Materials and Methods

The study area is the Arvand (Shatt Al-Arab) River. The Arvand River is the essential border river
between Iran and Iraq which is dominated by tidal conditions at the mouth of the river. It appears at
the confluence of the Tigris and Euphrates rivers in Southern Iraq near the city of Al-Qurna and flows
into the Persian Gulf after about 84 km on the Iranian-Iraqi border. The existing irrigation and
drainage system in the studied area is mostly tidal and Generally, the irrigation of plants is carried out
by flooding due to the low elevation of the land. The theoretical foundations of the study are divided
into two main parts, water and soil quality. Here are Steps for modeling the effect of salinity intrusion
on water and soil in the study area:

1) Hydrodynamic modeling and salinity intrusion length

In order to investigate the infiltration of Persian Gulf saline water into the river finite difference
method in the implicit scheme was utilized, in the first stage for the hydrodynamic model and salinity
intrusion, transverse and deep features of the river, upstream and downstream boundary conditions,
and the Karun river inflow to the Arvand were entered as model inputs. In this study, two HD and AD
models were used. The upstream boundary condition is the average monthly river discharge from 2009
to 2018, and the time series of sea level along with the average salinity of the Persian Gulf near the
Arvand was considered for the downstream boundary condition. The reason for using the average
inflow has been the effect of upstream activities in the last two decades, which has reduced the inflow
of the Arvand river. The hydrodynamics and salinity models were validated with available 2014 data.
2) Modeling the salinity infiltration of riverbanks

After hydrodynamic modeling, changes in river salinity and water level were used spatially and
temporally in the Hydrus-2D model. the soil hydraulic characteristics were estimated using past field
studies by the Rosseta. Then, according to the soil type, the maximum longitudinal and transverse
dispersivity coefficient was considered to simulate the salinity penetration length of the river walls in
average conditions. Salt decomposition or adsorption was also ignored. A two-dimensional advection-
dispersion equation was used to describe the salt transfer. The initial conditions were considered based
on the soil moisture, and the content of solutes in the water in the whole soil profile was considered
zero. The calculations were continued until the results did not change significantly and the model
reached a stable state.

3) Steady-state soil salinity model with irrigation

Unsteady models for predicting soil salinity require data and high volumes of information restricting
their use for research purposes and on large scales. The proposed equation in steady-state conditions



223 Mathematical Model of Salinity Intrusion in ...

Amir Hossein Montazeri et al.,

has been used, To calculate the average salinity of soil saturated extract by irrigation water. In order to
calculate soil salinity by irrigation water, it is needed to have leaching fraction and irrigation water
salinity to estimate the average salinity of soil saturated extract with long-term use of that water. In the
current study, the leaching fraction is considered in a critical condition according to the drainage
condition of the lands and the leaching method. Then the results were compared with the measured
data for validation.

Discussion of Results

Validation results showed that the simulated and measured water levels at 181 km (Faw) and
150 km from

upstream of the Arvand river corresponded with the coefficient of determination (R?) of 0.97 and 0.95,
respectively. The result of dispersion coefficient validation based on measured salinity concentration
in 2014 and the simulated concentration at 10 km from downstream (Faw region) showed that the
salinity concentration matched with RMSE of 3.07 kg/m? (ppt) and with R? of 0.85 for the average
monthly. In addition, based on the measured data of field studies and previous studies, the average
salinity of soil saturated extract in irrigated lands on both sides of the Arvand River, low leaching
fraction performance can be confirmed. The simulation results of the water quality model in the river
showed that in the average river conditions, the sea saline water affects about 60 km from the
downstream to upstream of the river.

Modeling the infiltration of saline water from riverbanks that depends on the salinity of water in river
cross-sections, it showed that at 188 km from Al-Qurna, i.e., near the Persian Gulf, up to 242 meters of
soil on both sides of the river becomes saline to the point of starting damage to the date palm (2.5 ppt).
This infiltration length in the 144 km of the Arvand River from the upstream section in the south of
Abadan city reaches zero, which means that the salinity of the soil is less than damage to the date
palm. Prediction of soil salinity of Arvand River lands with 10 km division for long-term use of river
water in average conditions showed that the soil salinity in the lands on both sides of the river in
downstream of the Arvand River reaches 97.3 ppt which is located in Iran near the area called Al-
Gasaba and in Iraq in the south of Faw region. With increasing water quality to the upstream, average
soil salinity is decreased.

Conclusions

Modeling the direct infiltration and solute transport from the riverbanks showed that although its
effects around the river are evident due to the dryness of palms, it has a small proportion of soil
salinity compared to soil salinity by irrigation water. In order to prevent and control salinity, more
leaching is needed in the root zone, which due to the heavy soil texture of the study area, increasing
drainage efficiency has a significant effect in solving this problem. Upstream developments increase
over time, and progress leads countries to consume more water, which reduces the volume of water
inflow to the Arvand River. The main cause for concern is soil and water salinity. It threatens the
productivity of the estuary ecosystem and large palm fields along its bank and will have social,
economic, and political consequences. Thus, the water of the Arvand River, with a significant
reduction in quality and soil on both sides of the river, is facing the threat of secondary salinity, which
requires the necessary management to improve the existing conditions and prevent irreversible damage
in the region.
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