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ABSTRACT 

The construction of a thermoelectncal power plant in a coastal area in Southern 
Italy required a significant lowering of the water table of the underlying uncon-
fined aquifer. Large increase of the salinity of the groundwater was therefore 
expected. Because of the presence of farmland in the area, a detailed investiga
tion was required to predict the effects of this extensive pumping on the saltwater 
intrusion. A numerical study was therefore conducted on the area using a 3D, 
fully ccupled finite element model. In this paper we summarize the results ob
tained in the study. The simulation proceeded initially with the determination 
of the actual steady state profile of the saltwater intrusion under unperturbed 
conditions. Then modifications to concentration profile due to water pumping 
were determined under different scenarios. The results obtained well agree with 
the limited field data that are available up to date. 

INTRODUCTION 

For the construction of discharge canals for the transport of cooling water from 
a thermoelectrical power plant into the sea it is required to lower the water table 
by pumping water from the underlying aquifer. Pumping must be sustained for 
about 6 months (the construction duration) and this may cause a severe modifi
cation of the seawater intrusion and the quality of the underlying aquifer. The 
purpose of the present study is to examine the extent of such a modification. 
As 'he distance of the canals from the sea can change during construction, and 
they are built in segments of about 100 m each, z. three dimensional model is 
required to fully capture the physics of the phenomenon. The 30 model has 
been developed to account for all the characteristics of the area under study. In 
the present paper some of the numerical simulations performed are presented. 
The hydrogeological parameters used by the model are based on in situ tests. 
The water table has to be lowered to about 0.5 m below the bottom of excava
tion trench, reaching depth of -3.5 m below sea level. The simulations performed 
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started with the determination of the actual position of seawater. Then the mod
ifications introduced by the pumping strategies are evaluated. The undisturbed 
situation match quite well with some in situ measurements. The other simulation 
cannot be verified directly because no field data were available at the time of this 
writing. 

MATHEMATICAL MODEL 

The mathematical model used to simulate the problem «as developed under 
contract with the Italian Electricity Board (ENEL) by Gambolati et al. [1, 2]. 
The governing equations for density dependent transport problem, are written 
as follows: 

d \L ( Bh W c dh p dc 

^(n^)-^M = nàr*c (2) 

were h is the equivalent freshwater head (see e.g. [3], and [4]), c is the di-
mensionless salt concentration, JbtJ and D^ are the hydraulic conductivity and 
dispersion tenser, respectively, S, is the specific elastic storage coefficient, n is 
the porosity, v< is the Darcy velocity, po and p are the fresh and polluted wa
ter density, respectively, q is the volumetric flow rate per unit volume, c* is the 
relative solute concentration in the injected or withdrawn fluid and: 

\ P«** ~ P° n 1 to\ 
€ = , ffc = Tfe = 0 , Tfy = 1 ( 3 ) 

Po 
"* The dispersion tensor, Dij, is related to Darcy velocity trough the longitudinal 

and transversal dispersivities aj, and <*T [5]. Associated to eqs (1) and (2) are 
the boundary conditions whi h can be either of first, second or third type: for a 
thorough discussion on boundary conditions see [6]. 

Equations (1) and (2) are integrated using a finite element method in space 
a*id an implicit Crank-Nicolson or backward difference scheme in time. The two 
equations can be iteratively coupled or partially decoupled by the user. However 
all the subsequent simulations were carried out using the fully coupled model to 
fully account for large density differences. For a more detailed discussion on cou
pling see [7]. Special numerical techniques are also introduced in the model (such 
as relaxation) to improve the efficiency of the algorithm. The algebraic systems 
of equations are solved using preconditioned conjugate gradient method for the 
flow equation and triangular factorization with optimal preliminary reordering 
for the transport one. All the solver are specifically planned for this particular 
problem in order to obtain the best efficiency. 
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NUMERICAL APPLICATION 

After several numerical simulations of the flow problem only with the purpose 
of parameter fitting and definition of the pumping rate in the construction area, 
we started the salt intrusion simulation. The area of interest together with the 
area owned by ENEL, where the power plant will be built, are shown in Fig. 1. 
We consider such a domain in order to have better knowledge of the boundary 
conditions and also to insure that potential errors in the boundary conditions 
will not affect the results in the area of interest. 

The aquifer depth is 56.2 m below mean sea level and it is formed by two main 
layers: an upper one 15 m thick and the other 41.2 m. The hydraulic parameters, 
as determined by in situ pumping test, are: 

- upper layer kx = ky = 1.8 10"3m/s; kt = 3.0 10~4m/s 

- lower layer kx - ky = kt = 6.0 10_4m/s 

- semipervious screen (when present) 5.0 10~9m/s 

-porosity n = 0.22 for both layers. 

The longitudinal and transversal dispersivity used are ai — 10m, a? = lm. 
These two last parameters are calibrated during the undisturbed salt intrusion 
simulation, as it was not possible, up to now, to make in situ tests. 

The domain shown in Fig. 1 is discretized as in Fig. 2 by 2829 linear triangles 
(1459 nodes). The 3D mesh is obtained automatically [8] from this triangulation 
using 7 layers distributed as in Fig. 3, where also the position of wells and screens 
is schematically shown. The 3D mesh is formed by 59409 tetrahedrons (11672 
nodes). 

To get the undisturbed salt intrusion profile a transient simulation was carried 
out starting from the condition of no salt into the aquifer. The time steps were 
varied from 600 seconds to 10 days. We considered to have reached the steady 
state whenever the variation of concentration in some control node was less than 
1%. This was achieved after more than 2 years of simulation. Results are shown 
in Fig. 4 and 5 with reference to the bottom of the aquifer (z=-56.2 m) and 
vertical section B-B' of Fig. 4. 

When steady state configuration was reached we introduced the semipervious 
screens and all the wells as shown in Fig. 3 (we considered the most critical 
situation i.e. when all the wells were pumping simultaneously) and we performed 
a transient simulation of 181 days. The total rate of pumped water is 2.195 m3/s. 
Time steps used in this case were varying from 2 hours to 3 days. 

In Fig. 6 and 7 the results obtained are shown with reference to the bottom 
of the aquifer and the vertical section B-B' of Fig.6. In Fig. 7 the undisturbed 
0.1 isoline is also shown with dashed line to better quantify the modification of 
the salt intrusion. 
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It can be seen that pumping also for a limited period of time causes some 
variations in the underground salinity. We were able to asses that the situation 
was not critical in regard to the contamination of the farmland area west of 
the construction site, where we were interested in keeping the water as clear as 
possible. 

All the simulations were carried out on a vector-concurrent computer AL-
LIANT FX/80 with 4 CPUs and total computer time used in all the simulations 
was about 500 hours. 

CONCLUSIONS 

Numerical simulations of saltwater intrusion into a coastal aquifer in Southern 
Italy were carried out to assess the impact of several pumping strategies needed 
in the construction of a thermoelectrical power plant. A 3D fully coupled finite 
element model was necessary to account for all the diversity that was present in 
the area under consideration. The actual intrusion profile was first simulated, 
achieving good agreement with fieid measurements. The results obtained when 
the pumps were included showed that even when extensive pumping is exerted 
in the aquifer the salt intrusion will not mine the upstream groundwater quality, 
where agricultural activities require a very low degree of contamination. 

Even though the model employs state of the art numerical techniques, the 
simulations required very extensive computations and large core memory avail
ability. This was due to the relatively large number of nodes required to discretize 
the domain, and to the degree of nonlinearity of the equations that were to be 
solved. 
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Fig. 1 - Plane view of the area under study. 
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Fig. 2 - Plane aesh and boundary conditions. 
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Fie. 3 - Layers and position of wells and screens. 
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Fig. 4 - Contour lines of salt concentration on the bottom 

plane (z=-56.2 a) in the undisturbed condition. 

-i r — i 1 r 

1000 IB 

Fig. 5 - Contour lines of salt concentration in the 

vertical section B-B' in the undisturbed condition. 
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Fig. 6 - Contour lines of «alt concentration, after 181 

puaping days, on the botto» plane (z»-56.2 n). 
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Fig. 7 - Contour lines of salt concentration, after 181 

puaping days, in the vertical section B-B'. 
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