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Abstract
The construction of a subsurface dam and/or physical cutoff barriers is one of the most known techniques used to prevent
seawater intrusion during excessive exploitation of freshwater from a coastal aquifer. This method is widely used in many sites
around the world (Japan, Brazil, India, Burkina Faso…). In this study, we present an innovative technique for constructing
subsurface barriers based on geochemical reactions. A calcite cutoff wall is developed by mixing two aqueous solutions Na2CO3

and CaCl2 under pCO2 equal to 3.16·10
−4 bar. The deposition of calcite in themixing zone induces a high clogging, which greatly

reduces the porosity and then the permeability of the aquifer into the injection zone. We use GEODENS code to study the effect
of a developed geochemical cutoff wall on saltwater intrusion and to assess their protective effect on preventing seawater
intrusion. The GEODENS code can solve these equations by a finite element procedure; it can handle density-dependent flow,
transport, and geochemical reactions in porous media. The effect of depth and location of the geochemical cutoff wall is tested
and results showed a significant reduction of seawater intrusion penetration length. According to the budget used in many barrier
construction projects, we have shown that the developed geochemical cutoff wall presented in this work could produce a lower
seawater intrusion penetration length than the traditionally used barriers at a very lower cost.

Keywords Geochemical cutoffwall . Coastal aquifermanagement . Seawater intrusion control .Clogging .Calcite precipitation .
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Introduction

The greatest challenge that faces hydrogeologists today is wa-
ter security. Increased population, extensive land use, and
socio-economic activities induce an overexploitation of
groundwater resources and various contamination of stored
water resources especially in coastal zones where population
and activities are concentrated. Numerous technologies have
been developed to counteract the leaks into groundwater or
the protection of these resources against various pollutant

solutions that can invade the reservoirs. This includes the pro-
tection of aquifers against leaks and infiltration of leachate
from waste dumps or waste piles, natural brine from Sebkha,
discharges from desalination plants, and discharges from sea-
water in coastal areas (Abd-Elhamid et al. 2018). In the case of
seawater intrusion, a cutoff wall can be defined as under-
ground semi-impervious or impervious structures constructed
along the coast in a coastal aquifer to limit the seawater intru-
sion phenomenon and preserve freshwater resources.

Depending on the locality and availability of construction
materials, several types of cutoff walls could be used. These
include clay dike, brick wall, stone masonry dam, concrete
dam, ferroconcrete dam, plastic-tarred-felt sheets, sheet pile
of steel, corrugated iron or PVC, and injection screen of ben-
tonite and grout (Nilsson 1988). Cutoff walls have been con-
structed in many places around the world, including Brazil,
USA, and Mexico, and in the following, the most known
subsurface dam projects are presented.

In 1973, Japan constructed the first subsurface dam in
Kabashima at a cost of 32 million Yen in order to prevent sea-
water intrusion. As reported by Nishigaki et al. (2004), other
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subsurface dams were constructed such as Ayasatogawa,
Tsunegami, Tsushima, Nakajima, Miyakojima (at Sunagawa,
Fukuzato, and Minafuku), Kikaijima, and Okinawa Island (at
Komesu, Keiza, Kumejima) mainly for agricultural use.

The Ananganadi underground dam is one of the first sub-
surface dams constructed in India. Located in Kerala (Raju
1983), its length is about 150m and a width of 1m and a total
construction cost was about 7.500 USD. By 1997, India has
constructed five other subsurface dams with a total storage
capacity of 273,712 m3.

In 1983, South Korea started the construction of the first
subsurface dam entitled I-an. After that, in 1986, four other
subsurface dams were constructed: U-il, Gocheon, Okseong,
and Namsong. Their length ranges from 89 to 800m
(Nishigaki et al. 2004).

In 1995, the collaboration between the Ministry of
Agriculture of Burkina Faso and the Japan Ministry of the
Environment started the construction of the first subsurface
dam in Burkina Faso located at Nare Bridge. The underground
dam is 8m high and 210m long and has a storage volume of
800,000m3 (Nishigaki et al. 2004).

The physical barriers as a seawater intrusion control meth-
od have been developed in the last few decades by many
researchers. The most recent studies are as follows.

Abdoulhalik et al. (2017) proposed a new method for sea-
water intrusion control, which is composed of a combination
of an impermeable cutoff wall and a semi-permeable subsur-
face dam. Through the experiment laboratory and the simula-
tion results using the code SEAWAT (Guo and Langevin
2002), the authors show that the mixed physical barrier pro-
posed could produce better seawater intrusion reduction and a
lower cost than the traditionally used barriers.

Armanuos et al. (2019) carried out experimental and nu-
merical work to assess the effect of a flow barrier wall, a
recharge well, and a combination of these to control seawater
intrusion in a coastal aquifer. The authors tested the effect of
the wall embedment ratio and the freshwater injection ratio on
the reduction of seawater penetration length.

Chang et al. (2019) presented numerical and experimental
investigation to test the performance of a subsurface dam on
preventing seawater intrusion. The authors carried out a series
of laboratory tests and numerical simulations to assess the
effects of dam height, distance from the seaside boundary
and head differences between the subsurface dam, and the
fresh groundwater discharge.

Ebeling et al. (2019) conducted a series of simulations (a
set of 542 remediation scenarios) in order to check the mixed
hydraulic barrier approach as a solution for preventing seawa-
ter intrusion in a coastal aquifer. The authors demonstrate that
hydraulic conductivity and regional freshwater flow are the
most significant for the remediation time frame. The main
finding is that the effectiveness of the presented solution is
very sensitive to the rate and the location of the barriers.

Armanuos et al. (2020) examined the effect of using a
barrier for controlling seawater intrusion in a sloped uncon-
fined aquifer. The authors used the SEAWAT code to simu-
late the effectiveness of the barrier as a solution to prevent
seawater intrusion. The authors show that the repulsion ratio
is increased with increasing barrier depth. The outcomes of
this study can be considered by decision-makers as a manage-
ment solution for a coastal aquifer.

All the previous studies represent a contribution for verify-
ing and testing the effectiveness of a physical cutoff wall as a
solution to prevent saltwater intrusion. Several construction
materials are used to set up the cutoff wall such as clay dike,
brick wall, stone masonry dam, concrete dam, ferroconcrete
dam, plastic-tarred-felt sheets, and sheet pile of steel. The
important revealed conclusion is that control of saltwater in-
trusion using cutoff wall is a viable method but it could be
costly in terms of construction techniques, operation, mainte-
nance, and monitoring (Abd-Elhamid et al. 2018). This work
presents a modeling study to assess the effectiveness of a new
technique based on creating a seawater intrusion cutoff wall
by calcite precipitation. This solution will very strongly re-
duce permeability and thus reduce a possible inflow of liquid.
This new method is based on the development of a geochem-
ical cutoff wall by the mixing in situ of Na2CO3 and CaCl2
solutions. The purpose of this work is to analyze (1) geochem-
ically the development of calcite cutoff wall by mixing two
solutions; (2) as a relevant example of the use of this tech-
nique, the effect of the calcite cutoff wall on saltwater dynam-
ics is tested; and (3) the effectiveness of the newly developed
cutoff wall in protecting freshwater resources in a coastal
aquifer is evaluated. Numerical simulations that assess the
viability of this technique as a new technique to prevent sea-
water intrusion in a coastal aquifer are investigated. To the
best of our knowledge, these objectives have never been in-
vestigated in previous studies. This work is carried out using
the density-dependent flow and reactive transport code
GEODENS (Bouhlila 1999; Bouhlila and Laabidi 2008;
Laabidi and Bouhlila 2015; Laabidi and Bouhlila 2016).

Materials and method

Approach and investigated configurations

The simulations of the technique of construction of an under-
ground cutoff wall by in situ precipitation of calcite are there-
fore carried out here on the problem of seawater intrusion into
coastal aquifers and its reduction or even cancellation. The
Henry problem has been widely used as a test case
(benchmark) of density-dependent groundwater flow models.
To provide general results, these processes are simulated
using the Henry problem geometry with the same hydrody-
namic parameters and boundary conditions (Henry 1964).
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The Henry seawater intrusion problem concerns a vertical
slice through an isotropic, homogeneous, confined aquifer.
For the flow boundary, a freshwater constant flux is applied
from the inland boundary and a hydrostatic pressure is distrib-
uted on the sea boundary. As shown in Fig. 1, L denotes the
length of the aquifer and d its width. Xw is the distance be-
tween the cutoff wall and the seaside boundary and Zw is the
cutoff wall depth. The aquifer parameters and the geometrical
dimensions used in the simulated configuration are summa-
rized in Table 1.

The cutoff wall is developed by a geochemical precipita-
tion reaction of cement, caused by the injection of two solu-
tions in two wells drilled parallel to the coastline, at a given
distance from it; two solutions Na2CO3 and CaCl2 are injected
in parallel in the desired position (Xw) of the cutoff wall. The
configurations simulated in this work are presented in Table 2.

The flux of the two injected solutions is maintained at
1×10−6m3/s considerably less than the freshwater flux to an-
swer the non-influence of the solutions flux on the dynamics
of seawater.

Calcite will precipitate upon contact of CaCl2 with Na2CO3

according to Eq. (1), and the precipitation will continue along
the solution mixing zone (Laabidi and Bouhlila 2017;
Saneiyan et al. 2018) until the total clogging of the pores in
this section and the formation of a barrier to the flow across
the constructed wall.

The reactive transport modeling highlighted the formation
of a calcium carbonate mineral phase within the mixing zone
between the two solutions, which controlled the spatial distri-
bution of calcite in the injected zone.

Na2CO3 aqð Þ þ CaCl2 aqð Þ ¼ CaCO3 sð Þ þ 2NaCl aqð Þ ð1Þ

The concentrations of the master species of the two bound-
ary solutions used in the simulations were calculated using the

code PHREEQC (Parkhurst and Apello 1999) and are
displayed in Table 3. Referring to Plummer (1975), if the
mixing ratio in the mixing region is high and pCO2 is low
(normal atmospheric partial pressure), carbonate precipitation
may occur. Accordingly, calculations were performed under
the assumption of equilibrium with partial CO2(g) of 3.16·
10−4 bar, corresponding to the concentration of CO2 in the
atmosphere.

Precipitation of calcite occurs in the contact zone between
the two injected solutions, in the area between the two injected
wells. Precipitation induces a gradual decrease in media ca-
pacities for flow as the pores become filled by the precipitated
calcite. The porosity decrease induces necessarily a reduction
in permeability.

Governing equations

The equations governing the movement of a fluid through
saturated porous medium subject to variable-density condi-
tions can be obtained from the mass and the momentum con-
servation principles. The following section presents briefly
these governing equations (Bear 1988; Diersch and Kolditz
2002). For this study, only two-dimensional flow is consid-
ered. The fluid mass conservation equation is expressed as
follows:

∂
∂xi

ρqið Þ− ∂ ρϕð Þ
∂t

þ Qm ¼ 0 ð2Þ

where ϕ [L3L−3] is the porosity, ρ [ML−3] is the fluid density,
Qm [ML−3T−1] is the source/sink term (the mass flux per unit
of volume), qi is Darcy’s velocity, and t [T] is the time.

GEODENS (Bouhlila 1999; Bouhlila and Laabidi 2008;
Laabidi and Bouhlila 2015; Laabidi and Bouhlila 2016) de-
scribes two-dimensional transient convective, diffusive-dis-
persive, and reactive transfer of specie α(α = 1,Nα) using a
sequential iteration approach of the following equation:

L Cαð Þ þ QmC
α þ ϕ f α ¼ ∂ ρϕCαð Þ

∂t
ð3Þ

Cα [MM−1] is the concentration of solute α, and Nα is the
total number of species; Qm is the source term and L(Cα)
represents the transfer operator applied to Cα including the
convection and the diffusion-dispersion phenomena and is
expressed as follows:

L Cαð Þ ¼ ∂
∂xi

ρϕDij
∂Cα

∂x j
−ρϕuiCα

� �
ð4Þ

where i and j range from 1 to 2 for a two-dimensional flow and
transport problem; ui [LT

−1] is the effective velocity and is
calculated by the following expression:

Table 1 Parameters used in Henry’s problem

Parameter Value

L 2 m Domain length

d 1 m Domain thickness

ϕ 0.35 Porosity

k 1.00 × 10−9 m2 Permeability

d0 6.60 × 10−6 m2s−1 Molecular diffusion coefficient

qb 6.60 × 10−5 ms−1 Freshwater flux

ρ0 1000 kgm−3 Freshwater density

ρs 1025 kgm−3 Seawater density

αl 0.0 m Longitudinal dispersivity

αt 0.0 m Transverse dispersivity

μ 0.001 kgm−1s−1 Fluid viscosity

g 9.81 ms−2 Gravitational acceleration
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qi ¼ uiϕ ¼ −
Kij

μ
∂p
∂x j

−ρg j

� �
ð5Þ

where qi [LT
−1] is Darcy’s velocity, Kij [L

2] is the intrinsic
permeability, μ [ML−1T−1] is the fluid viscosity, p is the fluid
pressure, gj is the gravitational acceleration, and Dij [L

2T−1] is
the diffusion-dispersion term and is expressed as follows:

Dij ¼ d0 þ αTuð Þδij þ αL−αTð Þ uiu j

u
ð6Þ

where αL[L] and αT[L] are the longitudinal and the transversal
dispersivity, respectively, d0 [L2T−1] is the molecular diffu-
sion coefficient, ui [LT

−1] is the velocity vector component in
the i direction, uj [LT

−1] is the velocity vector component in
the j direction, u [LT−1] is the norm of the velocity vector, and
δij is the Kronecker delta function.

The fα term represents the geochemical mass flux of spe-
cies α. If Nr is the number of reactions related to the specie α,
fα is calculated as the sum of all the reactions which contribute
to this mass flux (Bouhlila 1999; Bouhlila and Laabidi 2008;
Laabidi and Bouhlila 2015; Laabidi and Bouhlila 2016), and
is written as follows:

f α ¼ ∑
r¼1

Nr

ρ
∂Cα

∂t

� �
r

ð7Þ

The geochemical flux of each specieα at the time stepΔt is
calculated as the mass change of this specie during
dissolution-precipitation reactions.

Impact on porosity and permeability

The physicochemical processes are written in GEODENS
(Bouhlila 1999; Bouhlila and Laabidi 2008; Laabidi and
Bouhlila 2015; Laabidi and Bouhlila 2016) at the macroscopic
scale. The pore geometry is continuously modified by the
dissolution-precipitation reactions of salts. The porosity at
any finite element of the mesh and at every time step Δt is
updated as follows:

ϕ t þΔtð Þ ¼ ϕ tð Þ þ ∑
js¼1

Ns

rjsV jsΔt ð8Þ

where Vjs [L
3M−1] is the molar volume of the salt j, rjs

[M−1L−3T−1] is the rate of the mineral precipitation (−) or
dissolution (+), and Ns is the total number of salts.

For the modeling of the relation between porosity and per-
meability, capillary tubes or plane crack models have been
used and can give relatively simple relationships between
these two parameters such as the Koseny-Carman formula
(De Marsily 1981). Sanford and Konikow (1989) proposed
an empirical model for the sedimentary rocks to represent
the permeability changes due to the dissolution or precipita-
tion reaction of calcite in a coastal aquifer as follows:

Log kð Þ ¼ aϕ−b ð9Þ

According to these authors, for sedimentary rocks, a is
about 20 and b is deducted from the initial known values of
k and ϕ.

Fig. 1 Geometry and boundary
conditions of the investigated
configuration

Table 2 Simulated locations and cutoff wall depth

Configuration Xw Zw

C1 Xw=1.06-0.95-0.83-0.72-0.61-0.50 −1
C2 −0.9
C3 −0.8
C4 −0.7
C5 −0.6
C6 −0.5
C7 −0.4
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Kinetics of calcite precipitation

The undersaturation or the supersaturation of calcite in the
mixture zone induces dissolution or precipitation of the car-
bonate rocks respectively. Many authors studied the kinetics
of calcite dissolution-precipitation reaction in low-
temperature aqueous systems. We can find in Sanford and
Konikow (1989) and in Freedman and Ibaraki (2002) a de-
tailed description of this process. In fact, evaporates
dissolution-precipitation reactions are rather limited by ion
diffusion processes into the aqueous solutions. Then, they
can be written as first-order reactions. In GEODENS code
(Bouhlila 1999; Bouhlila and Laabidi 2008; Laabidi and
Bouhlila 2015; Laabidi and Bouhlila 2016), the kinetics of
salts dissolution or precipitation reactions are represented by
the geochemical flux, fα (Eq. 7), and is written as follows:

ϕ f α ¼ ∑
r¼1

Nr

ρϕkcr 1−Ωrð Þ ð10Þ

whereΩr is the saturation index of the salt r, and kcr [MT−1] is
the kinetics coefficient of the reaction.

Results and discussion

Calcium carbonate precipitated along the mixing zone be-
tween the two solutions containing CaCl2 and Na2CO3, which
flowed in parallel during reactions. The formation of calcite
started in a narrow zone where the two solutions are injected
and this can be seen clearly in Fig. 2a. After 20 h of simulation
time, the calcite formation spreads along the mixing zone until
a total clogging of the injected area and the formation of the
cutoff wall. Figure 2b and c show the porosity reduction and
the hydraulic permeability decrease respectively after 5, 10,
and 20h of injection time.

The initial condition was set as the steady-state saltwater
wedge for the base case, the Henry problem without cutoff
wall where the 10% contour intercept the aquifer bottom at
x=1m from the shoreline. The parameter used to test the ef-
fectiveness of the geochemical cutoff wall as a technique to
prevent seawater intrusion is the penetration of the seawater
intrusion wedge. The penetration of the seawater intrusion
wedge noted Ltoe, as shown in Fig. 1, is calculated as the
distance between the seaside boundary and the point where

the 50% freshwater-seawater mixing isoline intersects the
aquifer bottom.

To assess the effectiveness of the developed cutoff wall, a
baseline case with no cutoff wall installed was first studied to
be used as a benchmark for the investigated configurations.
The effectiveness of the geochemical cutoff wall was charac-
terized by the percentage of reduction of the penetration length
R = (Ltoe0 − Ltoe)/Ltoe0, where Ltoe0 and Ltoe are the penetra-
tions of the seawater intrusion wedge before and after the
development of the cutoff wall, respectively.

The initial condition was set as the steady-state saltwater
wedge for the base case where the 10% isoline intercepts the
aquifer bottom at x=1m. The flux of the two solutions is main-
tained at 1×10−6m3/s, considerably less than the freshwater
flux to answer the non-influence of the solutions flux on the
dynamics of seawater. The cutoff wall depth and location are
tested.

The parameter used to test the effectiveness of the geo-
chemical cutoff wall as a technique to prevent seawater intru-
sion is the penetration of the seawater intrusion wedge. As
shown in Fig. 1, the penetration of the seawater intrusion
wedge noted Ltoe is calculated as the distance between the
seaside boundary and the point where the 50% mixing isoline
intersects the aquifer bottom.

To assess the effectiveness of the developed cutoff wall, a
baseline case with no cutoff wall installed was first studied to
be used as a benchmark for the investigated configurations.
The effectiveness of the geochemical cutoff wall was charac-
terized by the percentage of seawater penetration reduction R
= (Ltoe0 − Ltoe)/Ltoe0, where Ltoe0 and Ltoe are the penetration of
the seawater intrusionwedge before and after the development
of the cutoff wall, respectively.

Effect of cutoff location

As presented in Table 2, six positions from the seaside bound-
ary were used to develop a geochemical cutoff wall
(Xw=1.06m, 0.95m, 0.83m, 0.72m, 0.61m, and 0.50m) under
the same flow and transport conditions. All the results are
compared to the baseline case. Figure 3 describes the location
of the development of a calcite cutoff wall in the desired lo-
cations after 20h of injection time. The precipitated quantity of
calcite is about 8000 mol/m3 generates a total clogging of the
aquifer in the injection zone result of porosity decreasing. As
shown in Fig. 3, we can notice that the saltwater wedge

Table 3 Concentration of master
species of the two injected
solutions

Master species (g/kg-
water)

Na+ H+ Ca2+ Cl− OH− HCO3
− CO3

2−

Solution 1: CaCl2 2.30E−9 3.07E−6 1.790 3.18 9.30E−8 1.56E−4 6.28E−9
Solution 2: Na2CO3 1.870 2.05E−10 5.08E−10 3.55E−9 1.34E−3 2.260 1.270
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decreases to a minimum value and the penetration is stopped
by the developed calcite cutoff wall after 20 h of injection
time. Figure 4 illustrates the penetration decrease
which reaches a minimum value fixed by the position of the
two injection wells.

As presented in Fig. 4, the penetration length recorded in
the base case is about 91.48 cm and the minimum penetration
length was recorded in the position Xw=0.5 and is about 28.9,
which corresponds to a percentage of reduction R of 68.41%.
Maximum penetration length was recorded in Xw=1.06 and is
about 73.04, which corresponds to a percentage of reduction R
of 20.16%.

Effect of cutoff depth

The flux of the two solutions was kept at 1×10−6 m3/s. All the
locations (distance of the developed cutoff wall from the sea-
side boundary) described above are tested. The geochemical
cutoff walls were developed at 1m, 0.9m, 0.8m, 0.7m, 0.6m,
0.5m, and 0.4m depths. Figure 5, Fig. 6, and Fig. 7 show the
porosity decrease in the developed cutoff wall, velocity field,
and Cl− isoline contours at Xw=0.72m after 5, 10, and 20h of

simulation time at a depth equal to 0.9 m, 0.7 m, and 0.5 m
respectively.

After 5 h of simulation time, the quantity of precipitated
calcite is considerably increased. As a result of calcite depo-
sition, porosity is decreased from 0.2 after 5 h to about 0.035
after 20 h of simulation time. The total clogging due to poros-
ity decrease has a direct effect on the flow and transport prob-
lem; the velocity field bypassed the clogging zone.

Figure 8 presents the penetration length in the position
Xw=0.50 for different developed cutoff wall depths; minimum
seawater penetration length was recorded at a depth equal to
0.9m and is about 23.5 cm, which corresponds to a percentage
of reduction R of 74.2%. Maximum penetration length at a
depth equals to 0.4 m and is about 59.40 cm, which corre-
sponds to a percentage of reduction R of 35.07 %.

Figure 9 presents the penetration length in the position
Xw=0.83 for different developed cutoff wall depths.
Minimum penetration length was recorded at a depth equal
to 0.9 m and is about 49.3 cm, which corresponds to a per-
centage of reduction R of 46.07%. Maximum penetration
length at a depth equals to 0.4 m and is about 73.34 cm, which
corresponds to a percentage of reduction R of 19.84 %.

Fig. 2 Development of the geochemical cutoff wall after 5, 10, and 20 h of simulation time. aCalcite accumulation (mol/m3); b porosity development; c
permeability development: −Log (k) (m2)
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As shown in Figs. 8 and 9, two stages of saltwater penetra-
tion are identified:

– Between 0 and 10 h: this stage is characterized by a
significant decrease of seawater penetration length

during the development of the geochemical cutoff
wall. At the end of this stage, calcite deposit filled
all the vertical section and porosity is significantly
decreased and penetration length decreases and
reaches minimum value.

Fig. 3 Numerical simulations of the saltwater wedge after 20 h of simulation time with distance of the developed cutoff wall position from saltwater
boundary of a 50 cm, b 61 cm, c 72 cm, d 83 cm, e 95 cm, and f 106 cm

Fig. 4 Transient penetration of
the seawater intrusion wedge for
the base case and for a distance of
the developed cutoff wall position
from saltwater boundary of 50
cm, 61 cm, 72 cm, 83 cm, 95 cm,
and 106 cm
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– Between 10 and 20 h: the saltwater penetration length
becomes constant, the saltwater wedge reaches the dy-
namic equilibrium after 6 to 10 h depending on the depth
of the cutoff wall.

Despite the expected result (normally, the more effective
cutoff wall depth to prevent seawater intrusion is the whole
aquifer thickness), the most effective depth preventing seawa-
ter intrusion is Zw=0.9 m. At Xw=0.5, compared to the base

Fig. 5 Effect of the geochemical
cutoff wall: % of porosity change,
velocity field, and Cl− isoline
contours at Xw=0.72 and
Zw=0.9m
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case, a reduction of 74.2% of seawater penetration length is
created. As shown in Fig. 5, we can remark that after 5 h of
simulation time, freshwater circuited the developed cutoff
wall and flowed between the aquifer bottom and the bottom
of the cutoff wall. The zone under the developed cutoff wall is

characterized by a highmagnitude of the velocity field, where-
as the freshwater “pushes” the saltwater to the seaside bound-
ary. After the trapping of the seawater contamination between
the developed cutoff wall and the seaside boundary, the pen-
etration saltwater wedge is significantly decreased.

Fig. 6 Effect of the geochemical
cutoff wall: % of porosity change,
velocity field, and Cl− isoline
contours at Xw=0.72 and
Zw=0.7m
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– At a depth equal to 1 m (the whole aquifer thickness), a
reduction of 68.4% is calculated which corresponds to an
increase of 5.8% of the saltwater penetration length com-
pared to the result found at a depth equal to 0.9m.

– At a depth equal to 0.8 m, a reduction of 71.29% is cal-
culated which corresponds to an increase of 2.91% of the
saltwater penetration length compared to the result found
at a depth equal to 0.9m. A reduction of 10% of cutoff

Fig. 7 Effect of the geochemical
cutoff wall: % of porosity change,
velocity field, and Cl− isoline
contours at Xw=0.72 and
Zw=0.5m
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wall depth gains only 2.91% of the seawater penetration
length compared to the most effective case (which is a
depth equal to 90% of the aquifer thickness).

– At a depth equal to 0.7 m, a reduction of 57.64% is cal-
culated which corresponds to an increase of 16.5% of the
saltwater penetration length compared to the result found
at a depth equal to 0.9m.

Figure 10 shows the effect of the depth of the developed
cutoff wall on the seawater penetration length for different
cutoff wall positions. For all the simulated cutoff wall posi-
tions, the minimum seawater penetration length is at a depth
equal to 0.9m. The seawater penetration length is minimum
where the cutoff wall depth is ranging from 70 to 100% of the
aquifer thickness. Due to the high cost of drilling, a cutoff wall
depth equal to 70% of the aquifer thickness represents the
optimum configuration to prevent seawater intrusion.

Conclusion

Groundwater contamination caused by seawater intrusion is a
very common phenomenon in coastal aquifers. The increase of

freshwater extraction from coastal aquifers due to touristic and
agriculture activity has accelerated the degree of contamination
of these freshwater resources. These activities can affect the qual-
ity and the volume of water in the coastal aquifer system.

A new method was suggested as a solution for
preventing seawater intrusion. This new method is based
on the development of a geochemical cutoff wall by the
mixing of Na2CO3 and CaCl2 solutions. The code
GEODENS which is a density-dependent flow and trans-
port model adequately predicts the geochemical problem
and the behavior of saltwater dynamics after developing
the cutoff wall. The paper makes the following major
contributions:

& Calcite precipitates during mixing of Na2CO3 and CaCl2
solutions under a normal atmospheric partial pressure of
CO2. Deposition of calcite starts around the inlet and con-
tinues along the mixing line which induces a total clogging
where the porosity significantly decreases (porosity change
reaches 95%).

& The developed cutoff wall is more effective in a depth
ranging from 70 to 90% of the aquifer thickness. The
presented results illustrate that there is a potential for

Fig. 8 Transient penetration of
the seawater intrusion wedge for
the base case at Xw=0.5 and for
different depths of the developed
cutoff wall of 1m, 0.9m, 0.8m,
0.7m, 0.6m, 0.5m, and 0.4m

Fig. 9 Transient penetration of
the seawater intrusion wedge for
the base case at Xw=0.83 and for
different depths of the developed
cutoff wall of 1m, 0.9m, 0.8m,
0.7m, 0.6m, 0.5m, and 0.4m
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construction cost saving by developing a low-cost cutoff
wall material for minimum depth.

& By the understanding of the main parameters that should be
considered for high effectiveness of the developed cutoff
wall, the results presented in this study will help in develop-
ing a new design of cutoff wall as a solution for preventing
seawater intrusion. However, even if modeling results based
on Henry saltwater intrusion problem showed satisfactory
results regarding this new technique, attention has to be paid
to the modeling of real cases regardingmany reasons such as
(1) effect of medium heterogeneity and complexity of geom-
etry, (2) effect of real dispersivity and molecular coefficient
values, (3) effect of radial flow around the injection wells
which can be solved only by developing a three-dimensional
model, and (4) development of a laboratory experiment (is
ongoing) in order to validate the approach.
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