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Abstract 

The state of salt contamination brought about by no-control water 

takings from the coastal, carbonate, karst aquifer in the Salento 

Peninsula is kept under control by means of a series of observation 

wells scattered throughout the territory and drilled in different times, 

starting from some 20 years ago. 

One of the methods to quantify the state of non-equilibrium between 

fresh and salt water is based on the observation of the actual h~draulic 

head compared with the theoretical head that ground water should have, 

taking into account the real position of transition: this way a 

non-equilibrium index is determined. 

Moreover, by means of the analysis of the salinity trend with depth, 

it is possible to calculate the theoretical position that salt water 

should have if it is supposed the presence of a sharp interface instead 

of a transition. 

The relationship between the level of the theoretical sharp interface 

and the real water head of groundwater seems to be connected to the 

value of non-equilibrium index. 

l Foreword 

For over many years in Salento Peninsula the evolution of salt 

contamination, brought about by massive underground water takings, above 
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all for irrigation purposes, have been observed/ Tadolini and Tulipano 

(1970)/. 

A range of phenomena are directly investigated by means of a network of 

observation wells which, though not being enough extended, SU:;J.'Jl:• data 

of zones considered as particul&rly vulnerable to salt contamination. 

The region is made up by a calcareous and calcareous-dolomitic basement 

of the Cretaceous, underlaying, owing to successive transgressive cycles, 

Miocene-Pliocene and Quaternary soils which are mainly made up by 

calcarenites and secondly by sands and clays I Cotecchia (1977) /. 

Post-Cretaceous soils have a scanty incidence on the deep aquifer 

flow, given that few meters above sea level, where piezometric 

surface stands, Mesozoic carbonate rocks are present. 

However, post-Cretaceous soils play a role in determining the different 

conditions of feeding process as well as on underground water discharge 

into the sea, where impermeable rocks, for instance, lean against the 

aquifer along wide coastal stretches /Cotecchia et al. (1973)/. 

2 Hydrogeological features 

Owing to low piezometric heads, groundwater in the Salento Peninsula 

takes on a lens-like shape, with a thickness limited to some hundred 

metres in the innermost parts: such a thickness decreases as,approaching 

the coast, water heads lessen, until they become negligible along the 

shoreline. 

The already scant fresh water reserve is further reduced because of the 

transition, located between fresh water and salt water, ·which thickness 

changes considerably from zone to zone; at times the transition is so 

expanded upward to cause almost entirely fresh water presence to be 

excluded /Tadolini and Tulipano (1977a)/. 

Figure 1 shows the configuration of the phreatic surface and the 

distribution of salt content. 

As for data used to reconstruct isohalines,salinity values measured in 

water samples taken during discharge tests in a number of drilled wells 

have been resorted to; such data are really representative for a so 

strongly anisotropic aquifer, like the fissured and karst one here 

treated /Tadolini ad Tulipano (1977b)/. 

20 



A D 11: I 

4 ~ l 

I 0 N I A N S E A 

Figure 1. Location of observation wells, water table contours and salt 

content distribution. 

As can be seen from the sketch, in most cases underground waters are 

affected by salt contamination phenomena. 

3. Conditions of coexistence between 

fresh water and salt water 

Often water taking consequences are reflected in the vertical 

distribution of underground water salt content; the main data to 

evaluate the state of fresh water-salt water equilibria, that is the 

real head of groundwater (tr) and the depth of intruding seawater 

occurrence (hr) are likely to be obtained by means of temperature and 

salinity logs, which are periodically carried out on the network of 

observation wells (Figure 2) /Tadolini and Tulipano (1981)/. 

The theoretical head (tt) that at the same point groundwater should have 

to balance the salt column hr (Figure 3), may be determined by the depth 

of salt water occurrence. 

Of course this involves the consideration of the real distribution of 

densities, thus allowing, the weighed average density S f relative to 

the whole column including groundwater and the transition, to be 

calculated; so, it is possible to obtain K coefficient, by also 

considering the real density of salt water ~ s· 
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Figure 2. Some examples of temperature and salinity logs on observation 

wells of the Salento.The top of the grey column stands for the 

depth of intruding sea water occurrence in the hypothesis of a 

sharp interface. 

Densities are likely to be drawn from the relationship with salinity in 

Figure 4, experimentally determined. 

On the other hand it is important to consider that the whole water 

column pertaining to the transition and to groundwater in the strict 

sense of the word, standing above intruding sea water, is the result of 

mixing between this last and fresh waters. By this assumption, 

considering salinity value equal to 0.5 g/1 for fresh water, and the 
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Figure 3. Schematic representation of parameters used to evaluate fresh 

water-salt water equilibrium conditions. 
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Figure 4. Relationship between salt content and density (at 20 °C) of 

underground waters of the Salento Peninsula 

real value for underground sea waters, from time to time determined by 

means of salinity logs1 one is able to determine the theoretical head ht 

at which intruding seawater should be in the hypothesis of a sharp 

interface. 

The real variations of the position of transition in the time, together 

with variations in the state of salt contamination of ground waters 

floating on, may be then referred to,as variations in level of the 

theoretical sharp interface. Figure 2 shows the positions of the 

theoretical interface for observation wells considered: in such a way 
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easier comparisons,making reference to different observation periods, 

are likely to be carried out. 

The relationship between depth under sea level of this theoretical 

interface and the head that groundwater really has right at same point, 

determines the conditions of coexistence between fresh water and salt 

water. 

So, in a different way, another coefficient K' is found; this last 

having the same meaning of the coefficient K previously calculated on 

the basis of the real density distribution, fuction of salinity, along 

the vertical of the whole water column existing in the observation 

wells (Table 1). 

Table 1. Values of the theoretical and real parameters considered for 

each observation well 
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Such K' values,derived for the different observation-wells and for the 

different observation periods, seem likely to be correlated to the 

differences found between real heads and the the theoretical ones 

calculated (Figure 5). 
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Figure 5. Relationship between the non-equilibrium indexes ( ~ t) and 

the coefficients K' for the observation wells considered 

4. Final considerations and examples 

Some considerations may be carried out. The theoretical heads tt stand, 

evidently, for the level that the phreatic surface of groundwater should 

reach,to cause underlying salt water to be considered as balanced as to 

the depth which it in fact is found at. The coefficient K', instead, 

determines the relationships between the real existing head and the 

depth, below sea level, where a sharp interface is supposed to be 

located, by thinking of separating from groundwater the whole salt 

water component which mixed with it; so, the real connections between 

fresh water and salt water heads are defined. 

Said Figure 5 points out that observation wells considered behave 

differently one as to the other. 

To very low K' values correspond markedly negative ~ t values; 

conversely to high K' values correspond markedly positive ~ t. 

An example on this last condition is given by TA well; during both 

periods, here considered by way of example, there is no equilibrium 

condition, since the real head does not prove to be enough compared 

with the position of transition (or with the depth of the sharp 

interface calculated). 

Originary conditions of equilibrium are likely to be restored if, by 

reducing water takings, the fresh water head increased as high as 
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reaching the theoretical value calculated; otherwise present conditions 

of taking, will determine an expansion of transition and a salinization 

of ground waters; this corresponds to an up-going of the theoretical 

sharp interface position, that is a decrease of ht. NC3 and NC4 wells 

stand for a peculiar situation: the very low K' values relate to 

markedly negative L) t values. For, the depth of the sharp interface 

calculated is not consistent with the real head measured. 

Such wells have been drilled not long ago, on an area particularly 

sybyected to a massive water taking for irrigation purpose, occurring in 

irrigation-periods rather long, owing to the particularly dry climate of 

the region and to the type of water-demanding crops. 

If one observes the configuration of the water table in the area of said 

wells, drawn on the basis of the yearly groundwater level average, we 

can notice that hydraulic heads, normally characterizing the wells, are 

far lower than those found in the measurement periods (January), when 

taking are not in progress. 

We may fairly assume, then, that the effects of the yearly recharge 

just for a short period bring about the increase of ground water level; 

sea water then, keeps a position corresponding to values of groundwater 

levels featured by water takings. 

l 

Notes 

Work carried out within the activities of the "Centro di Studio 

sulle Applicazioni di Tecnologie Avanzate in Idrogeologia" of 

National Council of Researches. 
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