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Abstract—Increase in water usage from wells and sea water 

level, are the most substantial factors in saltwater intrusion into 
coastal aquifers. At the present research, these Phenomena and 
groundwater barrier as a strategy to prevent groundwater salinity are 
investigated. For this purpose, hypothetical unconfined aquifer with 
the steep coastal geometry is simulated by SEAWAT mathematical 
model with GMS9.1 interface. Based on the results, the 0.1, 1and8 
mm/yr rate of seawater level rise make saline water to 
intrude3percentage, 9.3% and 15% respectively more than its natural 
condition. In addition, when well discharge is 0.02m3/day, increase 
in saline water progression in compare to the lack of water harvesting 
will be 14%. If the discharge is 0.04 or 0.06 cm/day, saltwater 
progression will increase to 30% and 45% respectively. Finally, 
Based on the results of simulation, construction of subsurface barrier 
decreased the saltwater intrusion to 28.5 m. In other words, barrier 
decreased saltwater intrusion 23% and it can prevented saltwater 
intrusion. 

Keywords—Saltwater intrusion, Sea level rise, Pumping well, 
Numerical modeling, SEAWAT.  

I. INTRODUCTION 

ROUNDWATER quality is a major issue in the 
development and management of water resources. In 
fact, increase in water demand in most of the parts of 

world makes water quality to become a limiting factor in the 
development and management of water resources. As the 
result of contamination emission, quality of surface and 
subsurface water is getting worse. In this regard, attention to 
this issue in the aquifers is inevitable.  Although at the first 
glance, contamination emission in subsurface seems to be less 
at risk compare to surface water, but in the case of pollutants 
in a aquifers, restoration of it to a usable condition is a 
challenge issue and expensive. More than 70percent of the 
world population is living in coastal areas [1]. These regions 
have serious hydrological problems like lack of freshwater, 
groundwater pollution and intrusion of seawater.  Growth of 
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world population and standards of living have led to more 
water demand which leads to water harvesting from coastal 
aquifers to be increased and consequently, salt intrusion to 
aquifer will increase. Water consumption with high salinity 
(i.e. more than2 to3%) in potable water is not possible [2]; 
therefore processes such as water treatment or mixing with 
freshwater will be necessary and the protection of 
groundwater resources is a major issue in this condition. 
During the past years, various models and computer codes 
have been developed and saltwater intrusion was investigated 
by these models. These models were analytical or numerical. 
In most of numerical simulation, finite element or finite 
difference models has been widely used. Among these 
models, several researchers have simulated this condition by 
fluid flow equations (depending on density) and 
contamination transfer equations. Ground water flow near the 
coast is often affected by density changes, so for accurate 
simulation of these processes such as intrusion of saline water, 
we will need more complex models (these models depend on 
fluid density). In this regard, MODFLOW and MT3DMS are 
developed to simulate groundwater and groundwater 
contamination. In these models, the density variation is 
considered [2] then MODFLOW-88 and MT3D96 SEAWAT 
is provided [3]. Second version of this program with new 
version of MT3D (MT3DMS) is provided [4].  Third version 
of this program is provided by geological organization of 
USA using MODFLOW2000 [5]. In this version, structure of 
MODFLOW is modified so that density option is calculated 
by a condition equation and concentrations were calculated by 
MT3DMS [1]. At the present research, simulation of 
hypothetical coastal aquifer has been investigated by 
SEAWAT2000 with GMS 9.1 interface. 

II. SEAWAT MODEL 

This model was provided by Langevin et.al[4] for simulation 
of contamination transfer and simulation of density dependent 
currents. This code was tested by five criteria in groundwater 
flows. This model solves equation of density dependent 
current by finite element method (Similar to MODFLOW 
model solution). Equation solving of contamination transfer is 
carried out by MT3DMS.  The latest version of this software 
(version 4.00.05) is free [6]. Numerical methods have been 
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developed since 1970 and at the present time, numerical 
models are the most advance method to solve Practical 
problems of ground water. In SEAWAT, discretization of 
governing equation is carried out by finite element method. 
This method is multifunctional and relatively simple and it is 
widely used for flow simulation. In this method each term of 
derived equation is replaced by an algebraic expression to 
evaluate nodes. 

III. PROBLEM DEFINITION 

In this research, hypothetical unconfined aquifer with the 
steep coastal geometry is simulated. Geometrical shape, initial 
conditions and boundary conditions are shown in Fig. (1). The 
model Domain is divided to 80*20 cubic elements. The values 
of involved parameters are listed in Table I. Other features are 
depicted in Fig (1). It should be noted that the value of 
parameters which are used in present study is in the range of 
previous researchers studies (e.g.  [7] and [8]).  At the present 
research, effect of increase in sea water level and pumping 
rate of wells in saltwater intrusion and the effect of 
construction of underground barrier to prevent of saltwater 
intrusion in our conceptual aquifer are investigated.[9] 
 
Table II 
Parameters for field-scale models 

Value Unit Symbol Parameter 

0.35 - n Effective porosity 

1 m/d k Hydraulic 
Conductivity 

10 m αL Longitudinal 
dispersivity 

1 m αT Transverse 
dispersivity 

1025 kg/m3 ρs Seawater density 

1000 kg/m3 ρf Freshwater density 

0 m2/day Dm Effective molecular 
diffusion coefficient 

0.001 m - Convergence criterion 
for head 

0.00001 relative - Convergence criterion 
for head 

40000 day t Simulation time 

100 day ∆t Time step 

35 kg/m3 Cs Salt concentration in 
seawater 

 

IV. IMPACT OF SEA LEVEL RISE ON AN UNCONFINED AQUIFER 

Human activity has a major role in climate behavior. 
Populations growth, greenhouse gas emission, construction of 
dams, deforestation, desertification and etc. are causing 

changes in the climate system. During the last few decades, 
human activities directly or indirectly led to increased 
concentrations of greenhouse gases. Current trend of increase 
in average temperature of earth's atmosphere and surface 
because of excessive production and emission of greenhouse 
gases is called global warming. Global warming and 
environment and climatic changes will follow the melting of 
snow and ice in different parts of earth, increase in water level 
in oceans and seas. Long-term sea level rises would have a 
great impact on coastal regions. Increase in coastal erosion 
and salt intrusion into aquifers are examples of these 
influences.  During the past century, climatic changing has 
caused water level changing in oceans and seas. IPCC 
(Intergovernmental Panel on Climate Change) estimates sea-
level rise 10 to 20 mm/yr in the twentieth century. This 
Committee for the prediction of future sea level rises 
presented several possible scenarios, and this seal level rise is 
predicted. These scenarios are named A1, A2, B1 and B2. 
These scenarios will be different depending on population 
growth, economic development and the use of renewable 
energies. In all these scenarios, increasing global temperatures 
and sea levels are predicted. For these different scenarios, sea 
level rise will be 0.09 to 0.88 meters during 1900 to 2100. 
Average of this rate is 2.2 to 4.4 times the rate of increase has 

been observed in the twentieth century [10]. Figure (2) display 
the range of variation for different scenarios.  

 

 
Fig. 2 Range of variation for different scenarios of IPCC.[11] 

 

 

 
Fig. 1 Schematic of a field-scale model: boundary conditions and 

dimensions.[9] 
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For investigating on sea level rise effects on saltwater 
intrusion, three rates of 0.1, 1 and 8 mm/year based on the 
present scenarios of IPCC was considered. Initial condition in 
shared border with the sea was changed and sea water level 
was changed from 40 to 40.011, 40.11and40.88. Then the 
model was run in transient condition for 40,000 days. Lines of 
iso-concentration of 50% are plotted In Figure (3).  

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
Fig. 3 Lines of iso-concentration of 50% for different rates of SLR, 
(a) without rising (b) 0.1(mm/year) (c) 1(mm/year) (d) 8(mm/year). 

 

 
Fig. 4 Saltwater intrusion due to sea level rise. 

 
Based on the Fig (3) and Fig (4) increase in sea water level 

will result salt intrusion increasing. Rising sea level decreases 
hydraulic groundwater gradient. This gradient is from coast to 
the sea generally. But if rising sea level is more than usual, 
then hydraulic gradient will be reversed. Dynamic equilibrium 
between fresh and salt water is lost due to rise in water level 
in sea and saltwater intrusion into aquifer will increase. In this 
section, dimensionless parameters was used for a precise 
investigation on the effect sea level rises in salt water 
progression. Results of the three mentioned rates are displayed 
in Fig (5). In this Figure SLR1 /SLR0 is the ratio of increase 
in sea water level and Ls/ Lt is the ratio of length progression.  

 
Fig. 5 Impact of sea level rise on an unconfined aquifer. 

 
Based on the results of research, if the rate of seawater level 

rise is0.1, 1and8 mm/yr increase in saline water progression in 
compare to natural condition will be 3%, 9.3% and 15% 
respectively. 

V. IMPACT OF PUMPING WELL ON SALTWATER INTRUSION IN 

AN UNCONFINED AQUIFER 

One of the main reasons of saltwater intrusion to coastal 
aquifers is excessive water harvesting of groundwater 
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resources in coastal regions. In this case, the saltwater will be 
replaced with fresh water and according to Fig (6).  

 

 
 

Fig. 6 (a) before extensive pumping (b) after extensive pumping 
[12]  

 
Saltwater extraction from the well, as shown in Figure (6) 

will be happened. To investigate over pumping effect, a well 
was place data distance of 80meters from the coast with 20 m 
depth and three flow rates were considered(Figure (7)). These 
flow rates were 0.02, 0.04 and 0.06(m3/day). In the model, 
flow rates have to be entered as negative value. The model 
was then run for 40000 days to reach to a new steady state. 
Lines of iso-concentration of 50% are plotted In Figure (8).  

To better  understand this issue, two dimensionless 
parameters are defined as follows: Q/Qb, Ls/Lt 

Where Q is well discharge ,Qb is base well extracted 
discharge (Considered as 0.02 (m3/day)) Ls is the length of 
progression and Lt is length of aquifer (equals to 200 (m)). 
The same as previous part, the 50% iso-concentration line has 
been shown in the related figures. Results of these three 
conditions are presented in Fig(9). 

 

 
Fig. 7 Location of the well 

 

 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 8 Lines of iso-concentration of 50% for different rates of 

pumping well, (a) 0.02(m3/day) (b) 0.04(m3/day) (c) 0.06(m3/day) 
 

Water harvesting of groundwater resources will decrease 
hydraulic gradient in direction of sea and consequently, 
saltwater intrusion will increase and finally because of 
excessive water harvesting up-coning will be observed. This 
issue is demonstrated in Fig (8). Based on the results of 
simulation, when Q equals to0.02 m3/day, saltwater 
progression in compare to the lack of water harvesting will be 
14%. When Q is 0.04 and 0.06 m3/day, saltwater progression 
in compare to the lack of water harvesting will be 30% and 
45% respectively. 

 
Fig. 9 Impact of pumping well on saltwater intrusion in an 

unconfined aquifer. 
 

VI. CONTROLLING SALTWATER INTRUSION IN AN UNCONFINED 

AQUIFER BY SUBSURFACE BARRIER   

Construction of impermeable underground barrier along the 
coast will prevent saltwater intrusion into aquifer effectively. 
Materials such as steel plates, concrete, clay and gravel, 
asphalt emulsion, cement slurry, bentonite, silica gel, or 
asphalt can be used for the construction of an underground 

Up coning 
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barrier. To better understand how this barrier affects intrusion 
mechanism, we placed a vertical barrier at a distance of 
50meters from the seaside. Thickness of the barrier was 5 
(mm) and length of barrier was 20 (m). The permeability of it 
was taken at very low compare to aquifer porous media 
permeability. In the next step, the model was run for 40000 
days. Saltwater intrusion and its progression before barrier 
construction and after it are shown in Fig (10) and Fig (11). 
Based on these Figures, construction of barrier decreases 
saltwater progression into aquifer 28.5 (m). in other words, 
construction of barrier decreases saltwater progression into 
aquifer 23%.   

  

 
 

Fig. 10 Lines of iso-concentration of 50% before construction of 
impermeable underground barrier 

 

 
 

Fig. 10 Lines of iso-concentration of 50% after construction of 
impermeable underground barrier 

VII. CONCLUSION  

At the present research, hypothetical unconfined aquifer with 
the steep coastal geometry was simulated by SEAWAT 
model. Then the effects of sea water level rise and over 
pumping on the saltwater intrusion were investigated. Based 
on the long-term results, increase in sea water level would 
have great impacts on coastal regions. If sea level; rise as 0.1, 
1.0 and 8.0 mm/year in future years,  the toe of saltwater 
wedge intrude respectively 3%, 9.3% and 15% more in 
landward in compare to natural condition. When pumping 
discharge in wells was 0.02cm3/day, saltwater progression will 
be 94 m in toward lands. In other words, in compare to no 
pumping condition, progression increases 14% approximately. 
If the dischargewas0.04 or 0.06 m3/day, saltwater progression 
will increase to 30% and 45% respectively. In order to 
decrease the salinization of groundwater, barrier with the 
height of 20mmandthickness of 5mmwas placed. Based on the 
results, construction of barrier decreased saltwater intrusion 
28.5 m. In other words, it decreased saltwater intrusion 23% 
and this barrier prevented saltwater intrusion, so it can 

successfully be considered as one of the remediation activities 

to minimize the saltwater intrusion. 
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