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ABSTRACT 

A flow and mass transport mathematical model has been adjusted to simulate piezometric 
and chloride evolution in the Llobregat delta confined aquifer. A twenty year period (1965-
1985) is simulated, with monthly time steps. The TRANSIN II code is used. Its present 
version simulates flow and mass transport of constant density fluids. The programme allows 
for automatic estimation of flow and transport parameters such as transmissivity, storage 
coefficient and dispersivity. 

Boundary conditions include prescribed constant heads at sea nodes. Mass fluxes are specified 
as the flow rate times concentration at such nodes, plus leakage and recharge zones. Historical 
levels and mass fluxes are prescribed at the connection of the confined aquifer with the 
Llobregat Lower Valley aquifer. Since aquifer thickness is relatively small, density differences 
due to groundwater salinity changes by marine intrusion are not simulated. To partly obviate 
this problem, imposed fixed levels in aquifer zones connected with the sea are corrected 
according to depth of the connection zone and density of salt water. In the terrestrial part of 
the delta, where aquifer is at 50 m depth and water salinity is about 10,000 mg/1 Cl, the error 
in piezometric levels by considering constant density instead of variable density are about 0.7 
m, in zones. These errors are minor in relation with actual potentiometric changes, and do 
not greatly affect groundwater head gradients. 

Calibration of the flow problem leads to excellent fit between measured and computed heads, 
but can be obtained with different transmissivity patterns. The best results for the transport 
problem, mainly in the central seawater.intrusion plume, are obtained associating the plumes 
with high transmissivity zones. The calibration of the transport problem requites a much 
more detailed description of the spatial distribution of transmissivity. Water balances show 
that marine intrusion is about 12% (7 hm3jyear) of total recharge to the deep aquifer. 
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1.- INTRODUCTION 

As a result of intensive groundwter abstraction from the Llobregat river delta deep aquifer 
(Barcelona, Spain), sea water has intruded in it and about 30% of the terrestrial area is 
salinized currently. Geological characteristics, aquifer flow pattern and sea water intrusion 
advancement, are presented in lribar and Custodio (1992, this volume). Since the aquifer is 
an important supply source and an emergency supply reserve, different mathematical models 
have been used at different times to help in defining management strategies. Fig. 1 shows 
the modelled area and the main towns and sites mentioned in the text. 

o,_llllllli:=:::::i.....,,.;:3=:::i4....,u5 km 

MEDITERRANEAN SEA 

Fig. 1.- Situation of the delta aquifer and the main towns and sites mentioned in the text. 

Around 1970 the Water Administration carried out a mathematical model of groundwater flow 
in the Lower Llobregat aquifer system (REPO, 1971; Cuena and Custodio, 1971; Custodio, 
Cuena and Bay6, 1971) and a preliminary RC electric analogical model (Anguita, 1971), 
both simulating two overimposed layers connected through an aquitard. The polygonal grid 
mathematical-model was calibrated with a quarterly set of four complete years of data and 
adapted to the small capacity computers then available. 

In 1985, as part of the Studies for the Eastern Pyrenees Water Plan, a second mathematical 
flow model for the Lower Llobregat aquifer system was prepared (PHPO, 1985), based on 
a modified earlier version of the finite difference MODFLOW model of the U.S. Geogical 
Survey (Trescott, 1975). The model was calibrated with a quarterly data set of 5 years of 
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and validated with a yearly data set of 17 years (Iribar, 1985). It was used mainly to study 
the effect of a series or exploitation alternatives on groundwater levels. 

In 1989 a flow and transport model for the Llobregat deep delta aquifer was prepared 
(Custodio et a!., 1989), starting with data from the previous model. The U.S. Geological 
Survey MOC code (Konikow and Bredehoeft, 1978) was used. Mass transport was calibrated 
with a set of 4 years of data. Several management alternatives on seawater intrusion control 
during 20 years were studied. 

The new flow and transport model explained here has been constructed to integrate existing 
potentiometric and salinity data since 1965 (Iribar, 1992). This provides a long calibration 
and validation period. It has also provided a test for the automatic flow and transport 
parameter estimation offered by the new TRANSIN II programme (Medina et a!., 1990). 

2.- BRIEF DESCRIPTION OF THE CODE 

2.1.- Flow and Solute Transport Equations 

The code which has been used for the simulation of groundwater flow and solute transport 
is TRANSIN-II (Medina et al, 1990). This code allows solving these equations under a wide 
range of assumptions. The forms adopted in this study are discussed below. Groundwater 
flow is controlled by: 

8h 
V(T Vh) + w(h) = Sfii on n (1) 

where Tis transmissivity tensor; his head; V is the "del" operator (divergence or gradient); 
Sis storage coefficient; tis time and w(h) is a distributed sink/source, which in this case was 
given by: 

w(h) = a(h - H) + r (2) 

where a is the leakage factor controlling inflows (outflows) from an aquitard (a equals 
hydraulic conductivity divided by aquitard thickness); H is a prescribed head in the upper 
aquifer and r is areal recharge (both H and r may be time dependent). 

Equation (1) is solved on the domain n, subject to appropriate boundary and initial 
conditions. Time dependent prescribed head, prescribed flow and mixed boundary conditions 
were used in this study. 

Because of the nature of the medium and solute, only advection and dispersion are considered, 
as relevant transport mechanisms. That is, other processes that can be handled by TRANSIN
II, such as zero and first order production/decay or matrix diffusion, were ignored. Therefore, 
the solute transport equation written in a vertically integrated form is: 

8</Jc 
V(bD Vc)- V(bqc) +wee= Bt on n (3) 

where Ce is the concentration of water entering the aquifer ( Ce = c for the discharging portions 
of the aquifer); q is water flux; Dis the dispersion coefficient tensor and b is aquifer·:thickness. 
Equation (3) is solved subject to appropiate boundary and initial conditions. 
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Equations (1) and (3) are solved using the Finite Element Method in one, two or quasi-three 
dimensions. Further details on these equations are given by Bear (1 972). The numerical 
methods in which TRANSIN-II is based are described by Medina et al_ (1990). It should be 
noticed that the code does not handle density variations nor density-driven flow. 

2.2.- The inverse problem 

The main feature of TRANSIN-II is that it solves the inverse problem (automatic calibration). 
This consists of finding the values of model parameters (transmissivity, recharge, storage 
coefficient, porosity, parameters controlling boundary conditions, etc) that grant a good 
reproduction of head and concentration data, and are consistent with prior independent 
information. 

Formulation of the inverse problem can be based on different rationales (Carrera and Neuman, 
1986; Carrera, 1987). The approach implemented in TRANSIN is based on maximum 
likelyhood estimation, which leads to finding the parameters that Il:linimize an objective 
function of the form: 

where 
h = (h- h*)tv-,-;1(h- h*) 

Jc = (c- c*)tv;;- 1(c- c*) 

J; = (p;- PUVi1(Pi- pi) 

(4) 

(5) 

(6) 

(7) 

h* and c* are the vectors of head and concentration measurements, Whose dimensions are 
nh and nc, respectively; p'[ is the vector (n; dimensional) of prior estimates of type i model 
parameters; V h> Vc and V; are their respective covariance matrices and Ac and.>..; are relative 
weighting coefficients. These matrices are used for giving varying weight to the different pieces 
of information. Minimization of (7) is achieved by the Marquardt method. 

In summary, input data consists of that which is required for standard simulation problems 
(i.e., the finite element grid, boundary conditions, etc) plus head and concentration 
measurements and prior estimates of model parameters (i.e., guesses on the values of 
transmissivity, recharge, etc) as well as information relative to the reliability of these data. 

Automatic calibration is not as simple as might be suggested by this section, It is complicated 
by conceptualization difficulties. The initial conceptualization derived by the modeller is 
rarely satisfactory. When calibrating the corresponding model, one is usually forced to revise 
the initial assumptions, often in the direction of increasing their complexity and the number 
of model parameters. 

2.3.- Error Analysis 

An important aspect of parameter estimation is the analysis of estimation errors. These can 
be quantified by the covariance matrix of model parameters. A lower bound for this matrix 
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Fig. 2.- Model grids. A.- for the flow problem; B.- for the flow and mass transport 
problem. 
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is given by: 

[J' v-1J J' v-1J 0 -1]-1 :Ep = h h h + c c c + p (8) 

where Jh and Jc are the jacobian matrices of heads and concentrations, respectively. 

The covariance matrix is used for quantifying the uncertainty of estimated parameters and 
for identifying instability problems. Yet, one should bear in mind that this evaluation is only 
valid within the framework of the calibrated model. 

3.- DATA INPUT 

The model was applied only to the delta deep aquifer (Fig. 2). The flow problem uses a 
finite element grid of 436 nodes and 807 elements, readapted from another one prepared by 
Medina et al. (1988). To solve the flow and transport problem an automatic grid refinement 
programme was used in order to simulate more accurately and with less numerical problems 
the saline intrusion plumes. The final grid consists of 1022 nodes and 1974 elements. The 
model characteristics as well as the results from the best flow run (called FLOW) and the 
two best flow and mass transport runs (called FT-1 and FT-2) are presented in this paper 

It is assumed that the aquifer boundaries are impermeable except where the aquifer contacts 
the sea and the Lower Valley aquifer. The connection with sea water is 5 km offshore. 
Constant level and concentration are imposed there. Since no saltwater wedge forms but 
rather a progressive salinity decrease with small vertical salinity changes, the model was run 
assuming no fluid density changes. To consider the effect of the more dense sea water the 
constant water level at the aquifer-sea connections was fixed at +2.5 m at the center (100 
m depth) and at +1.5 mat the sides (60 m dep'th). Potentiometric errors in the continental 
part of the delta due to considering constant fluid density instead of a variable one may be 
about 0. 7 m in places where the aquifer is about 50 m deep and presents a salinity of 10 g 
L - 1cl-. These errors are small when compared with actual potentiometric changes, which 
may attain 20 m. 

At the connection with the Lower Valley, well known historical water levels and concentrations 
were applied (fig 3). This allows dealing with only the confined part of the aquifer system 
using transmissivity data. A further advantage is that it avoids the simulation of river water 
recharge along the river channel and at the irrigated fields in the Lower Valley. 

In the delta the deep aquifer is connected with the shallow delta aquifer through the 
intermediate aquitard. This is simulated by introducing a leakage condition into the 
connecting nodes. Throughflow between the two aquifers is represented by a(h1-ho), in 
which h1-ho i~ the water head difference between the two aquifers, a = k'az-1 is the 
leakage coefficient, k1 is the intermediate aquitard vertical permeability, a is the surface 
area associated to the element and l is the intermediate aquitard thickness. 

Leakage zones have been defined according to the intermediate aquitard vertical permeability. 
Considering vertical permeability and fixed head conditions, four areas have been considered 
(fig 4). Table 1 contain the k1 values used in the last runs. Leakage water concentration 
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Fig. 3.- Groundwater head and chloride content versus time at the connection between the 
deep delta aquifer and the Lower Valley aquifer. 

was assumed to be 300 mg L-1cl- since the lower part of the aquitard has been partially 
flushed out of connate marine water (Pelaez, 1983; lribar and Custodio, 1992), and during 
the simulation period no salt water will reach the aquitard bottom. 

Table 1.- Characteristics of the leakage and fixed head areas. 

Leakage k'(m/day) Fixed 
area head Altitude Location 

Flow FT-1 FT-2 area (m) 
1 0.2500.1!;-07 0.2500E-07 0.2500.1!;-07 3 +1.0 Delta central area 
1 0.2500E-07 0.2500E-07 0.2500E-07 4 +1.2 Offshore area 
2 0.1345E-02 0.1345E-02 0.2815E-02 3 +1.0 lnterm. aquitard boundary 
3 0.1139E-01 0.1139E-01 0.6996E-02 3 +1.0 Sands at the Zona Franca 

The shallow delta aquifer water level has been considered always constant since actual 
fluctuations are small compared to what is observed in the deep aquifer. A value of +1 
m has been given to the nodes in the continent and + 1.2 m to the sea nodes, in order to 
consider the greater density of sea water. 

Abstraction in the different nodes of the grid are imposed values. When the grid was 
established the actual location of the wells was not considered. Also, most abstraction data 
refer to groups of wells. Then, a given node may correspond to different pumping data and 
some pumping data have to be distributed to several nodes. The total number of zones of a 
given abstraction was 56. Figure 5 shows how total yearly abstraction changed during the 
simulation period. 
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Lower Valley aquifer connected node 

Fig. 4.- Location map of leakage, pumping and fixed head nodes. 
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Fig. 5.- Time evolution of total abstraction from the delta deep aquifer. 
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Fig. 6.- Model zones. A.- Zone number for recharge from the surface; see table 1; B.- Values 
of storage coefficient. 

Table 2.- Recharge from the surface (mm/day). 

Surface area 
Area (km2 ) Flow FT-1 FT-2 

1 4.62 0.44 0.66 0.50 
2 4.39 1.60 1.52 1.50 
3 1.92 2.00 1.50 1.50 
4 2.35 1.70 1.28 1.50 
5 2.85 1.46 1.98 1.50 
6 1.94 1.83 1.39 1.50 

Zones for the storage coefficient are shown in figure 6. At the aquifer boundaries, where the 
intermediate aquitard is absent, high values are adopted, whilst low values are given to the 
confined part. 

During the calibration process 3 different transmissivity zone patterns have been used (fig. 
7). Distribution A was that of the PHPO (1985) mathematical flow model. Distribution 
B was prepared after the isotransmissivity map form PHPO (1985), which is the result of 
the combination of pumping tests and specific well disch.arges. Distribution C was adopted 
after the first results of the calibration process. The final values adjusted during the late 
calibration stages are given in table 3. 

Other parameters have been used in the model. Porosity was fixed as 0.20 according to the 
aquifer lithology. Longitudinal and transversal dispersivity coefficients were taken as 400 m 
and 200m respectively. A value of 0.001 m2/day was given to molecular diffusivity, although 
it barely affects the simulation. 

The simulation period is from January 1966 to December 1985, that is to say, 20 years. In 
1965 the delta monitoring piezometer network was established and an extensive groundwater 
sampling survey was carried out. This allows a good definition of initial conditions. Pumpage 
values from that time to 1983 were available from the PHPO (1985) model, later extended 
to 1985 by the Water Authority of Catalonia. Since a further extension required a good deal 
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Table 3.- Transmissivity values in m 2 /day as adopted in the last runs. See figure 70. 

Area FLOW FT-1 FT-2 
1 31077 17840 33270 
2 21984 30710 19180 
3 16851 4819 2091 
4 6998 5190 7619 
5 2067 8500 4655 
6 4036 22420 9019 
7 3140 9441 27840 
8 16821 1.14E+10 5.69E+08 
9 2881 1369 4971 

10 2916 159 3697 
11 1188 832 1134 
12 1000 2831 1000 
13 425 231 572 
14 254 2.50R+09 1226 

Area FLOW FT-1 
15 1442 540 
16 827 4051 
17 923 5912 
18 590 916 
19 54 4.06E-05 
20 9898 8.92E+09 
21 521 5,68 
22 391 67 
23 105 873 
24 873 6423 
25 205 54 
26 100 2020 
27 1.35 121 
28 2.78E-03 0,85 

(a) Adapted from (PHPO, 1985) model 

(b) Adapted from lsotransmlssivity map 

(MOP,1966, PHPO, 1985) 
(c) Last distribution used in this model 

wHh better results 

__________, 

F'f-2 
~ 
574 
192 
4.53 
218 
461 
1.90 
290 
222 

5872 
1085 
6.43 
0 .45 
8.87 

Fig. 7.- Transmissivity areas used in the model. The figures in them indicate its nurn V ering. 

of work it was decided to end the calibration period then, instead of carrying out d1!.>bious 

extrapolations. 

J.966), 
The initial potentiometric surface was that of July 1965 (fig. 8), taken from MOP 

£>n the 
the only one available from that year. Offshore values are an extrapolation of values 

continent. The isochloride map of December 1965 (MOP, 1966) was adopted (fig. 8) as the 

initial cl- concentration situation, also extrapolating the continental values to the 01"-jffshore 

part of the deep aquifer. 
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PIEZOMETRIC HEADS (m) CHLORIDE CONCENTRATIONS (rng/1) 

Contour interval 2m D < 500 mg/1 ~ 1000 _ _s;OOO mg/1 

IT2J 500- 1000 mg/1 WJl > 1000 ~g/1 

Fig. 8.- Time evolution of groundwater heads (m) for the FLOW :run and 
concentrations (mg L-1cl-) for the FT-2 run. 
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The 20 year simulation period has been carried out with 1 month time steps. Thus, the 
total number of time steps is 240. This has been done to try to reproduce as accurately 
as possible the groundwater level records from the Catalonia Water Authority monitoring 

network, mostly measured monthly. 

4.- CALIBRATION 

During the calibration process parameter values (transmissivity, leakage, ... ) were changed by 
zones. When results were not satisfactory, the grid pattern was modified and a new calibration 
process was initiated. Adjustments were carried out both by hand and automatically. 
Automatic adjustments were carried out by the programme TRANSIN II starting with the 
parameters selected. As explained in section 2.2, the TRANSIN II programme minimizes an 
objetive function, J, with respect to the model parametres representing the aquifer properties. 
This objetive function considers the difference between measured and calculated heads and/or 
concentrations, as well as the likely hood of calculated parametres (Carrera, 1990). The actual 
value of this function depend on the amount of data, the difference between observed and 
calculated data, and the standard deviation assumed for the measurements. It equals the 
addition of the amount of data times the mean quadratic error at each node, and shows the 
degree of adjustment accomplished in each run relative to others using the same grid. To 
perform this the programme needs measured heads and concentrations at what are defined 
as observation points (fig. 9). The total number of observations are 3937 heads and 667 Cl
concentrations, in total 4604. 

N 

@ 

Fig. 9.- Location of observation points. 

The calculated objetive function values for the final runs are: 



RUN 
FLOW 
FT-1 
FT-2 

OBJ. FUNCT. (O.F.) 
0.217 E+5 
1.03 E+5 
0.535 E+5 

V. Iribar et a!. 

HEAD O.F. 
5.47 E+5 
5.60 E+5 

0.138 E+5 

CONC. O.F. 

0.975 E+5 
0.397 E+5 

467 

PARAM. O.F. 
0.162 E+5 
0.503 E-1 
0.120 E-1 

The transmissibity zoning A (fig. 7), derived from the PHPO (1985) final calibration, 
produced rather good results for the flow problem, but was not able to simulate the seawater 
intrusion plumes in the mass transportproblem; the saline front penetrates uniformly towards 
the delta centre, without forming any plume. 

Afterwards it was assumed that a new transmissivity zoning, in agreement with the 
isotransmissivity map derived from pumping tests and specific well discharge (PHPO, 1985), 
would define heterogeneities that would improve mass transport simulation (fig. 7B). This 
change produces rather bad results since the head objetive function was impaired notably 
and the transport problem was not improved. Finally, new transmissivity zones (fig. 7C) 
were redefined using the following criteria: 

a) to differenciate specific zones to model the intrusion plumes, giving to them 
high permeability values 

b) to avoid separate transmissivity zones in areas where no observation points 
were available (this was done in the previous distribution) 

c) not to assign the same zone to separate areas 
d) to assign, if possible, a zone to each observation point with head measurements. 

With transmissivity zoning changes numerous runs were carried out to try to calibrate all 
parameters, except pumpage and the connexion condition with the Lower Valley. First, the 
flow problem was calibrated in an acceptable form, and afterwards the grid was refined and 
the model calibrated for the flow and mass transport problem. The results obtained have not 
been as good as for the flow problem. 

Since the number of nodes and elements is high, the flow and mass transport runs consumed 
a long CPU time, about 4.5 days to estimate 20 parametres. 

Runs FT-1 and FT-2 started from different points. The FT-1 run used (as starting 
parametres) those used in the best flow run (FLOW); all parametres were fixed, except 
the 28 transmissivity zones. FT-2 used the final FLOW parametres but slightly modified 
after the results of other runs that produced good results. The transmissivity values that 
changed little in these other runs were fixed, mainly those near the Lower Valley connexion, 
and then the transmissivity in areas close to the coast and to the boundaries was estimated, 
as well as the leakage areas at the intermediate aquitard boundary and at the Zona Franca 
area, where the model behaviour was very sensitive. 

Run FT-2 produced the best mass transport result (concentration objective function = 
39700), although the actual objective function was impaired with respect to the FLOW 
run (13800 compared with 5470). For run FT-1 the head objective function was kept low 
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(5600) but mass transport results were not as good as in run FT-2 (concentration objective 
function = 97500). Figure 8 shows the time evolution of heads and concentrations by means 
of contour maps. Figure 10 shows the simulated head and concentration time evolution at 
some observation points. 

5.- BALANCES 

Table 4 shows the mean water balances obtained from the selected calibration runs. The time 
evolution of inflow from the intermediate aquitard leakage, the sea and the Lower Valley are 
shown in figure 11. 

Table 4.- Water balances for the last runs. Mean values for the period. 

(m3 /day) Percentage of 
total inflow 

Area FT-1 FLOW FT-2 FT-1 FLOW l<'T-2 
Kecharge from the surface 1 3047 2031 2308 1.6 1.1 1.2 
Recharge from the surface 2 6669 7020 6581 3.6 3.8 3.5 
Recharge from the surface 3 2883 3845 2883 1.5 2.1 1.5 
Recharge from the surface 4 3004 3990 3520 1.6 2.1 1.9 
Recharge from the surface 5 5648 4165 4279 3.0 2.2 2.3 
Recharge from the surface 6 2695 3548 2908 1.4 1.9 1.6 

TOTAL 23946 24597 22480 12.8 13.2 12.0 
Leakage from the 

intermediate aquitard: 
- Central area 1 1.7 1.6 1.5 0.0 0.0 0.0 
-Near the boundary 2 18491 19397 37689 9.9 10.4 20.2 
- Zona Franca 3 7903 9544 6204 4.2 5.1 3.3 

TOTAL 26395 28943 43895 14.1 15.5 23.5 
Inflow from the sea: 

- Puerto Franco 4 12645 3625 19301 6.7 1.9 10.3 
- Central Zone 5 1307 22683 1924 0.7 12.1 1.0 
- Castelldefels 6 17549 4047 -122 9.4 2.2 -0.1 

TOTAL 31501 30355 21102 16.8 16.2 11.3 
Inflow from the Lower Valley 7 105572 103059 99494 56.3 55.1 53.2 

Total intlow 187414 186955 186971 

Total pumpage 187430 187430 187430 

6.- DISCUSSION 

The final runs for mass transport are not as satisfactory as that for flow. This does not 
necessarily implies a lower quality of the calibration, since more parameters are needed .for 
transport than for flow and thus they are subjected to more uncertainty. But this can 
also be attributed to the lower quality of salinity (chloride content) data, which are much 
less systematic. Some data were obtained from continuosly pumping wells, some from wells 
pumping during a short period of time and some with a grab sampler from boreholes of 
the piezometric network under non-ideal conditions. Also the mass transport problem is 
highly dependent on poorly known or simply unknown local heterogeneities, whilst the flow 
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Fig. 11.- Time evolution of inflow to the delta deep aquifer from the Lower Valley, from 
leakage through the intermediate aquitard and from the sea. 
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problem can be represented by more regional parameters, which integrate heterogeneities and 
correspond to some extent to what is obtained by means of interference pumping tests. 

Points at which concentration evolutions changes have been simulated more accurately are 
close to the connexion with the Lower Valley, and to a wide zone on the northeast side of the 
delta and around the central intrusion plume. 

At the Oastelldefels area (SW, near the mountain boundary) the calibration shows an 
excessive recharge from the side or from leakage, and too small seawater inflow. Instead 
of sustained or increasing salinity, concentration decreases with time. In part, this is due to 
poor knowledge of aquifer properties and boundary conditions in this area, which is more 
sensitive to the transport problem. It cannot be expected that the calibration will explain 
what is conceptually poorly known. However, some areas in the same sector continue to 
contain freshwater, in agreement with observations. 

These difficulties decrease when moving towards the central coastal area. Around the 
Llobregat river mouth there is an excessive salinity, although concentration is generally less 
than 2 g L -101-. This can be attributed to the fact that the initial conditions assumed too 
high water salinity in the offshore part of the delta, where no data is available. 

Generally good results have been obtained around the central salinity plume, especially for 
time of arrival of the salintiy front. Calculated concentrations tend to be less than observed. 

Poor results are obtained in the salinized part of the Zona Franca (eastern sector). A fast 
salinization process followed by more stable values has been observed. This is the probable 
result of too high permeability and too much freshwater inflow from the surface. This leads to 
a too fast salinization pace of the freshwater pocket between this area and the central salinity 
plume, This area is complex and would require a more detailed numerical and conceptual 
model to improve results. 

Notwithstanding these problems, a good simulation has been achieved as a whole. The 
definition of high transmissivity zones allows reproducing the central salinity plume and the 
freshwater pocket. The simulation has not achieved satisfactory results near Oastelldefels (not 
enough seawater has penetrated) and at the Zona Franca (too much seawater has penetrated), 
probably due to poor definition of boundary and initial conditions. 

Recharge from the surface has a clear influence near the bundary zones, in the Oastelldefels
Gava area (it clearly dilutes saline water) as well as in the Zona Franca (it decreases saline 
intrusion concentration). In the model this recharge from the surface has been consideted 
constant (300 mg L - 1 01-), although the observation of the calibration process indicates a 
variable value. There is no direct data to improve the situation. 

Leakage from the intermediate aquitard is especially significant near the boundary areas. For 
run FT-2 the importance of leakage near the boundary areas is greater than recharge from 
the surface. Leakage at the Zona Franca has a smaller effect on the whole but clearly modifies 
local circumstances. 
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7.- CONCLUSIONS 

The use of the TRANSIN II model have improved the flow problem simulation of the 
deep delta aquifer when compared with former models. It shows the existence of high 
transmissivity zones where saline plumes are observed and explains the behaviour in these 
zones. Although the mass transport simulation seem not as satisfactory as that of flow, this 
is not real due to the complexity of the problem, the less accurate nature of salinity data 
and the simplistic hypothesis of homogeneous fluid taken into account when qualifying the 
results. The simulation performed is able to reproduce trends and confirms and quantifies 
the conceptual model of the aquifer system. A further benefit has been the possibility of a 
new test of the TRANSIN II code and the opportunity to refine it in some aspects. 
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