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Salt-water intrusion monitoring. by resistivity 
and IP-tomographic methods 

ABSTRACT 

G. RANIERI* 
G. BARROCU** 
R. TOCCO*** 

At present, tomographic techniques are almost exclusively used in the field of seismology. The possibi
lities of applying them to geo-electrical methods are analysed here. 

A system tested in the field and in a laboratory physical model is proposed to univocally · solve the 
resistivity and IP tomographic problems to define and monitor in real time sea-water intrusion zones. 

Finally, measurement~ techniques and apparatuses are presented. 

1. INTRODUCTION detected with well proven techniques (FLATHE et 
al., 1961), although data interpretation may not 
be always satisfactory. 

As already known, saline solutions deteriorating 
groundwater quality may be usefully monitored by 
various methods. 2. GENERALITIES ON TOMOGRAPHIC METHODS 

The reliability of the methods depends on 

1) the number of observation points, 

2) the in situ and laboratory monitoring techni
ques adopted, and, 

3) the observed data interpretation. 

Among different physical parameters, electric 
resistivity and chargeability can be usefully 

• 

2.1. Seismic Tomography 

Recently, several methods have been developed 
for the tomographic examination of soils and 
rocks. Up to now, the propagation velocity of 
elastic waves has been the physical parameter 
most frequently analysed and in fact we generally 
speak of seismic tomography (WORTHINGTON, 
1984) . 

Professor of Applied Geophysics, Dipartimento di Georisorse e Territorio - Politecnico, Corso Duca 
degli Abruzzi 24, 1-10129 Torino, Italy. 

** Professor of Engineering Geology, Cattedra di Geologia Applicata - Facolta' di Ingegneria, Piazza 
d' Armi, I-09123 Cagliari, Italy. 

*** Geophysicist, consulting engineer, Facolta' di lngegneria, Pi~u d'Armi, 1-09123 Cagliari, Italy. 



346 

The greatest difficulties are found when interpre
ting the data, because the methods proposed 
generally give approximate solutions valid with up 
to 20 % maximum variation of the velocity inside 
the body (GORDON et al., 1970; HERMAN , 1970 
and HERMAN, 1980). Interpretations start from 
an initial model and verify their solution on a real 
one by assuming either a physical or geometrical 
correlation parameter. 

A method of approximately representing the real 
model without an initial one, consists of evalua
ting the mean value of the physical greatness 
taken into account in an area of prefixed dimensi
ons by simply considering a regular and average 
distribution along the lines connecting source and 
receiving apparatus. 

This can be easily obtained by subtracting the 
values relative to the external part from the set 
of values of a single pixel. In the seismic field 
the ray-paths of a j-esime pixel are considered 
and the weighted means of the rays are calculated 
by admitting that they are rectilinear and assume 
their paths as weights (fig. 1). 

M 

Fig. 1. Ray paths of a j-esime pixel. 
M : Energizers - N : Receivers. 

The mean ray propagation times around the pixel 
are then evaluated and are substracted from the 
total propagation time of the rays through the 
cell. Thus, a mean time relative to the cell is 
obtained and consequently the mean velocity for a 
known path tS ... 

1] 

The system may be repeated until the root main 
square with the observed times is obtained. 
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2.2. Electric Tomography 

In an electric field unit pixels are considered and 
equatorial or parallel dipole systems are applied, 
the energizing dipole being on a line and the 
receiving dipole on another line parallel to the 
first one. Thus, the measured apparent resisti
vity may be estimated as medium value along the 
line connecting the centre of the two dipoles. 
The apparent resistivity is obtained by dividing 
the apparent resistivity thus found by the length 
of the line. The section bounded by the two 
dipole lines is subdivided into a number of pixels 
of the same order as the conditions that can be 
written. 

As for the seismic method, the apparent mean 
resistivity of any cell pixel is evaluated as the 
weighted mean by considering as weights the 
length li of the line relative to the j-esime pixel 
for all the i dipole-dipoles (fig. 1). The resis
tance external to the j-esime pixel is then calcu
lated by considering only the ij conductors rela
tive to the same pixel. The pixel resistivity is 
obtained by multiplying the mean apparent resis
tance by the imaginary conductors lij. 

The system may be reiterated until the m1mmum 
deviation is obtained, with the mean pixel resisti
vity simply calculated as the average of the 
measured apparent resistivity. 

As for the seismic method, the approximation 
depends on the fact that the conductors have 
been considered as rectilinear and with unit 
sections, taken into account only in series resis
tances. 

In the electric field, the dipole-dipole apparent 
chargeability may be measured with the same 
arrangement and an appropriate apparatus. In 
fact, in a first approximation it can be treated as 
the sum of the apparent chargeability inverses 
along the line connecting the two dipole centres. 

Since 
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The chargeability tomography is achieved with the 
same procedures adopted for the elaboration of 
the seismic and resistivity tomography. 

3. MODEL EXPERIMENTS 

In order to organize a system to monitor salt
water intrusion in fresh groundwater, the above 
mentioned method has been applied in a laboratory 
to two different models. 

The first model, consisting of a 40 x 40 em card 
sheet coated with different conductivity varni
shes, has been explored with eight 5 em dipole 
sets along the borders. Austral T 842 and 
Scintrex IPR 10 have been used. 

In figs 2a, 2b and 2c the model and the results 
of resistivity and chargeabililty tomography are 
respectively given. The resistivity distribution 
and values are well in accordance with the model. 
The chargeability zoning is not perfectly clear 
and cannot be compared with the model one, 
which is unknown. 

The second is a laboratory model representing a 
real salt-water encroachment situation. The 
scheme adopted consists of a basin filled with 
sand, where salt water is supplied through a pipe 
at a depth of 20 em (fig. 3). Measurements were 
made in two wells spanning 40 em with a parallel 
dipole - dipole arrangement, with a dipole 5 em 
length. Salt water was intruded at 10 em up
stream of the wells section. 

The results are shown in figs 4a and 4b. The 
salt-water intrusion zone is clearly outlined in 
both tomographies. It is represented by a mini
mum in the resistivity tomography and by negati-
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Fig. 2. a) Mean resistivity value distribution 
in the model - b) Resistivity tomography -

c) Chargeability tomography. Resistivity values 
in nm and chargeability values in mV•s/V. The 

absolute negative values are not indicated. 
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Fig. 3. Experimental tank. 
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ve values contoured by high positive values due 
to diffusion zones in the chargeability tomogra
phy. These results are in accordance with the 
findings of previous experiments in the field 
(BARBIERI et al., 1986). 

4. CONCLUSIONS 

The results obtained show that resistivity and 
IP-tomographies are possible and particularly 
useful to identify different salt-concentration 
zones. 

Experiments are in progress, aiming to use elec
tric tomographies in the field in order to organize 
a system to monitor saline solution fumes. 
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Fig. 4. Tank experiments - a) Resistivity 
tomography - b) Chargeability tomography. 

Resistivity values in flm and chargeability 
values in mV•s/V. The absolut~ negative 

values are not indicated. 


