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Salt -water intrusion control with electric barriers 

ABSTRACT 

G. BARBIERI* 
G. BARROCU** 
G. RANIERI*** 

A physical laboratory model has been made to test the feasibility of employing electrical methods to 
counteract sea-water encroachment. The possibility of using a system of electrodes placed in the soil to 
create an electric barrier against salt-water intrusion has been verified by simulating filtration ·flow in a 
phreatic sandy aquifer. 

A number of tests have been carried out with D.C. and A.C. of different frequencies. The efficiency 
of the system has been assessed by comparing the variation in time of salinity due to progressive salt
water encroachment with salinity variation recorded during a standard test carried out without energizing 
the soil. 

1. INTRODUCTION 

Sea-water encroachment in coastal areas is cau
sing increasing alarm in coastal aquifers even in 
areas that until a few years ago were considered 
safe. 

The priliminary findings of geophysical surveying 
of sea-water intrusion phenomena in the coastal 
areas of Sardinia, Italy (G. BARBIERI, G. BAR
ROCU • G. RANIERI, 1986) prompted the idea of 
testing electrical methods in a physical laboratory 
model to study a practical system to counteract or 
limit sea-water encroachment in aquifers. 

* 

2. MODEL DESCRIPTION 

An asbestos cement tank of 85 x 85 x 55 em has 
been used, divided by two vertical and permeable 
parallel walls of plastic net into three compart
ments, the middle one being filled with quartz 
sand and the side ones with water (fig. 1). 

Water levels were suitably checked in the lateral 
compartments in order to simulate a filtration flow 
in an unconfined porous aquifer. The electrical 
apparatus consisted of two stainless-steel electro
des (E, E) 15 mrn in diameter and spaced at 64 
em aligned normally to water flow and set in small 
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Fig. 1. Porous medium model plan and 
vertical section. 
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Fig. 2. Porous medium grain-size curve. 
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vertical pierced PVC pipes placed in the sand. 

5 piezometers (no.s 1-5 in fig. 1) were used, 
both to collect water samples from the filtrating 
medium and to monitor water level variations. 
They consisted of small pierced PVC pipes enve
loped with gauze, with pierced plexiglas plugs at 
the bottom. 

Water levels were controlled by overflowing water 
with a constant yield from the upstream-side 
compartment and regulating the runoff from the 
downstream compartment with a tap. 

Salt water was obtained by mixing fresh water 
and NaCl in predetermined proportions in a 600 1 
plexiglas tank with a blade mixer. Salinity was 
measured with a conductimeter. 

As shown by the granulometric curve in fig. 2, 
the sand was mostly coarse. Hydraulic conducti
vity K == 2,5 x 10-2 em/sec was measured with a 
constant head permeameter. 

3. TEST PROCEDURE 

The model was filled with fresh water up to a few 
centimetres from the surface and salt water was 
continuously supplied to the upstream compart
ment so that it progressively encroached on the 
downstream aquifer. 

During 
salinity 
40 em. 
washed 

the tests, each lasting eight hours, 
was checked at the depths of 10, 25 and 
After each test the model was carefully 

with fresh water for 48 consecutive hours 
in order to restore initial conditions i.e. prior to 
the salt-water intrusion. 

A transmitter was used to supply the electrode 
apparatus with low-frequency alternate and direct 
current; a Variac was employed in the 50 Hz 
tests. 

In all tests the following parameters were kept 
constant 

(1) a 3 em hydraulic head between the compart
ments upstream and downstream from the 
porous wall; 

(2) a NaCI content of 10 g/1 in the supply 
water; 

(3) a 0, 75 A current intensity was used when 

the soil was energized. In reality, because 
of the initial high resistivity due to fresh 
water, the current was stabilized at 0, 25 A 
in the first half hour and at 0, 50 A in the 
second half hour before reachin g a final 
value of 0, 75 A; 

( 4) a 200 V voltage was employed when the soil 
was energized, but in the 50 Hz test voltage 
was maintained at 100 V. 

4. TEST RESULTS 

The results of the most significant tests are 
outlined in figs 3 and 4, which show the salinity 
values measured at different depths in the piezo
meters along with the isochlore curves after 2 and 
8 hours testing. 

Comparison of the results of tests no. s 2, 3, 4, 5 
and 6, carried out when energizing the soil, with 
the standard-test no. 1 results, reveals a general 
decrease in salinity in piezometers no. s 1 and 2 
placed downstream from the electrode apparatus. 

On the other hand, there is a slight salinity 
increase both in side piezometers no. s 3 and 4 
and in the middle one no. 5 upstream from the 
electric barrier. 

Furthermore, the drop in salt content is generally 
higher at small depths ( 10 em below surface) than 
at the model bottom. 

Percentage salinity variations between tests with 
and without energizing the soil have been calcu
lated to evidence the electric-barrier counterac
tion against salt-water intrusion. The percentage 
salinity decrease monitored in the long run in 
piezometer no. 1 at the depth of 10 em is given 
in fig. 5. 

As can be observed, system efficiency increases 
with frequency at least in the 1 - 50 Hz frequen
cy domain employed in the test. Also, it is 
evident that the electric-barrier effect is tempo
rary. It reaches its maximum efficiency after 2 
hours with a salinity decrease higher than 65 % in 
tests no. s 5 and 6 diminishing in the long run 
down to nearly 10 % after 8 hours. 

The results of some tests carried out with alter
nating current of 0,25 and 0,50 A, show that 
system efficiency appears to increase with current 
intensity. 
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Fig. 3. lsochlore curves (g/1) after 2 hours. i}check points at 
10, 25 and 40 em below surface. 
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Fig. 5. Salt content decreasing in piezometer no. 
1 compared with test no. 1. 

Satisfactory results have been achieved even with 
direct current when energizing the soil, although 
not as good as those obtained with a 50 Hz alter
nate current. The slightly higher efficiency in 
the first two hours is probably due to the fact 
that in the direct current test the steady inten
sity of 0, 75 A was reached in a shorter time. 

Electrodes were eaten away in direct current 
tests, but no corrosion was observed after alter
nating current tests. 

Also, the same gradual salinity effect was obser
ved in the porous medium after a number of 
tests. 

The effect was not completely reversible after 
washing the filtering medium away. Fig. 6 shows 
the NaCl concentration in some sand samples from 

the porous medium. Salinity is highest along the 
electrode alignment and near piezometer no. 1 
(2, 9 - 3, 0 g/1). In order to restore the initial 
salinity conditions, the model ought to be recon
structed after washing away the sand, grain by 
grain. 
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Fig. 6. 
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5. CONCLUSION 

The laboratory tests carried out on a porous 
medium model have demonstrated that electric 
apparatus may create a barrier against salt-water 
intrusion in sandy aquifers. 

The method proved efficient with both direct and 
alternating currents, though the electrodes are 
corroded by direct currents. The system is 
directly dependent on current intensity and 
frequency. Alternating current effects seem to 
be caused by ionic excitement movement, the ions 
concentrating near the electz:ic barrier and rare
fying downstream from it. 

Salt-water encroachment is mainly counteracted in 
a short time so that downstream from the electro
des salinity decreases by more than 65 %. 

Electric barrier efficiency gradually decreases, 
probably on account of suprasaturation in the 
zone between electrodes, where ions may combine 
and NaCl precipitates in high concentrations, as 
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found in sand samples collected from the model 
after a number of tests. 

The model limits that might have affected the 
results were preferential salt-water flow either at 
the contact between sand and tank walls or at the 
sides and below the barrier. This seems to be 
confirmed by salt-content increase in side piezo
meters. 

The results of laboratory tests have demonstrated 
the possibility of employing electric barriers 
against salt-water intrusion. Of course, the 
efficiency of the method has to be tested in the 
field, considering local hydrogeological conditions, 
scale problems, electrode apparatus and costs. 
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