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order to assess the wedge behavior of saline water in transient state, the
toe length of the wedge is analyzed. The changes in the height of wedge
shape due to the time is measured. The results showed that: a) With the
progression of the wedge behavior, its height is getting earlier to the
steady state in comparison to its length, however in the return time, they
both reached the steady condition at the same time. b) Unlike the wedge's
length, which reaches the steady state earlier than the progression time, its
height has an equal time to reach the steady condition in both states
(progression and return). The achieved results also showed that due to the
mixing process, the mixing zone expanded earlier in return phase. Also,
as the wedge approached the steady condition, the area of mixing zone
decreased gradually.
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1. Introduction

Water is known as the exigent factor in planning for the future. The main issue of water scarcity for countries
such as Iran, has long been discussed, and access to water resources for various purposes such as drinking,
agricultural, and industrial uses is of specific importance. This importance is even higher in areas of Iran that
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are heavily dependent on groundwater resources. Groundwater resources in various areas of the world are used
in different sectors such as irrigation, environment, and agriculture. For meeting these demands and water
needs, desired practices were put in place to compensate for the permanent and irreversible2020 (Akbarpour
et al. 2020). As groundwater systems are complex in nature, especially in arid areas, it is essential to identify
the groundwater temporal and spatial distribution when selecting the pumping rate of extraction wells.
Therefore, simulation plays a crucial role in planning and managing groundwater systems (Swathi & Eldho
20144, 2014b).

2. Materials and Methods
Conceptual model

This research has used the geometric characteristics and hydrological parameters of Lu-Werner’s (2013)
homogeneous and isotropic 2D aquifer (Table 1) to study saline inflow/return to desert-vicinity aquifers.

Table 1- Geometric characteristics and hydrological parameters of the desired aquifer

Unit Value Parameter

m 1000 Computational field length
m 30 Height of computational field
m 1 Longitudinal dispersibility
m 0.1 Transverse dispersibility

- 0.3 Effective porosity

Kg/m3 1025 The density of salt water
Kg/m3 1000 Fresh water density

- 0.035 Mass concentration ratio
m2 1.18E11 Intrinsic permeability

1/m 0.008 Special save

Numerical modeling

To simulate the saline-return phenomenon, this research has used the SUTRA numerical computer program
that models the fluid flow movement in a porous medium along with the energy transfer. Its initial version was
presented in 1984 and was gradually completed until the current SUTRA 2.2 version, which can also model
time-dependent boundary conditions. It uses the finite element and backward finite difference methods for,
respectively, spatial and temporal divisioning and approximates equations that govern the following two
dependent processes:

1) Variable-density groundwater flows in saturated/unsaturated environments

2) Groundwater soluble-matter transfer considering adsorption, production or disintegration

In SUTRA numerical model, basic equations that govern fluid flows and soluble-matter transfer, when the
latter is not subject to adsorption, production or disintegration and porous medium is saturated, are summarized
as follows:
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where p is the fluid density (M/L3), SOP is the aquifer specific pressure storage ([M/L/T2]-1) which is a
function of the soil-fluid skeletal compressibility, p is the fluid pressure [M/(LxT2)], € is the soil porosity, K
is the inherent soil permeability [L2], p is the dynamic fluid viscosity [M/(LxT)], g gravity acceleration vector
(L/T2), QP is the mass flux of the source fluid [M/(L3xT)], V is the average fluid velocity (L/T) found from
Darcy relation, Dm is the molecular diffusion coefficient [L2/T], I is the identity matrix, D is the mechanical
dispersion matrix [I12/t], C is the solution mass concentration [MS/M] and C* is the soluble-material
concentration in the source fluid [MS/M].

3. Results

It is worth mentioning that the results obtained by the end of the saline influx - Step 3 of the 4-Step modeling
of the current study - were similar and conformed well (100%) to those of Rezapour (2018) in the numerical
modeling part.

As mentioned before, 4 different concentrations (5, 15, 25 and 35 g/l) were used to study the playa saline return
to the aquifer. All 4 Steps 1, 2, 3 and 4 were simulated for all 4 mentioned concentrations, but here, only the
results of Step 4, conditions under which the aquifer water level is higher than that of the playa due to re-
feeding, have been presented. Figures (1-4) show the numerical saline-return simulation results for the
mentioned concentrations, respectively; for a standard aquifer, the horizontal axis shows the length and the
vertical one presents the height (both in meters). In each figure, images presented at time zero correspond to
the moment when Step 4 begins (stable conditions of Step 3 of the modeling). Results are shown for each
concentration at 30-year time intervals under stable conditions to better present the saline return under transient
conditions. To study the mixing zone behavior, the 25 and 75% concentration contours of saline and freshwater
have also been drawn besides that of the 50% one. A brief study of Figures (1-4) shows that the higher is the
playa saline concentration, the slower is the interface return speed towards the desert. In short, an increase in
saline concentration: 1) increases the time to reach stable conditions, 2) decreases the interface slope and 3)
causes different interface behavior under transient conditions for each specific concentration.
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Figure 1)- Saline-return numerical simulation
contours at 5 g/l; blue, red and green are for 75, 50
and 25% concentrations, respectively
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Figure 2)- Saline-return numerical simulation

contours at 15 g/l; blue, red and green are for 75, 50

and 25% concentrations, respectively
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Figure 4)- Saline-return numerical simulation
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Figure 3)- Saline-return numerical simulation
and 25% concentrations, respectively

contours at 25 g/l; blue, red and green are for 75, 50
and 25% concentrations, respectively
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4. Discussion and Conclusion

It is worth mentioning that the results obtained by the end of the saline influx - Step 3 of the 4-Step modeling
of the current study - were similar and conformed well (100%) to those of Rezapour (2018) in the numerical
modeling part. Although the groundwater is the most important freshwater supply source in arid and semi-arid
regions of the world, its valuable resources, in Iran, are unfortunately close to the playa saline, and improper
aquifer withdrawals for various purposes have reduced its water level causing the playa saline to enter them.
An effective way to repel the invading saline is to increase the aquifer water level by different feeding manners.
This study used the SUTRA numerical model to investigate the effects of feeding and raising the aquifer water
level on the saline return in playa aquifers and obtained the following results:

1. The higher is the playa saline concentration the slower is the interface return speed towards it, meaning that
an increase in the saline concentration increases the time to reach stable conditions.

2. The higher is the playa saline concentration the lower is the interface slope, and the lower is the latter the
longer is the time interval between the interface apex and toe stopping.

3. The higher is the playa saline concentration the larger is the mixing zone area when the saline returns.

4. The washing-mixing process expands the mixing zone at the beginning of the return step.
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Numerical Investigation the effect of Groundwater Uplift on the
Interface Between Fresh and Saline Water and Mixing Zone in the Aquiefrs
Adjacent Deserts

Mohammadreza Ettehadi?, Seyed Arman Hashemi Monfared?, Abbasali Rezapoor?, Ali Mohtashami*

Abstract

Most parts of Iran have arid and semi-arid climates. Therefore, many deserts and playas have been
formed in these areas. In the present study, the return of saline water due to the groundwater head
increase in the aquifers with the usage of SUTRA numerical model, was investigated. In order to assess
the wedge behavior of saline water in transient state, the toe length of the wedge is analiezed. The
changes in the hight of wedge shape due to the time is measured. The results showed that: a) with the
progression of the wedge behavior, its height is getting earlier to the steady state in comparison to its
length, however in the return time, they both reached the steady condition at the same time. b) Unlike
the wedge's length, which reachec the steady state earlier than the progession time, its height has an
equal time to reach the steady condition in both states (progression and return). The achieved results
also showed that due to the mixing processe, the mixing zone expanded earlier in return phase. Also, as
the wedge approached the steady condition, the area of mixing zone decreased gradually.

Keywords: Aquifers adjacent deserts, Saline Water Return, Interface, Mixing Zone, SUTRA
numerical model
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