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ABSTRACT
The multilayered aquifer system of the Versiliese‐Pisan coastal plain is mainly made up
of sandy and gravelly horizons. The aquifers are locally affected by intense exploiting for
drinking, industrial and irrigation uses, which favours seawater intrusion. In order to
study this phenomenon and understand the mixing mechanism with freshwater, a
project co‐financed by the Migliarino‐S.Rossore‐Massaciuccoli Regional Park is being
carried out since 2005. This project consists in a multidisciplinary study carried out by
means of hydrostratigraphic correlations, water level measurements and physico‐
chemical (electric conductivity, temperature, pH), chemical (principal chemical elements
and Br) and isotopic analysis (18O/16O and 2H/1H ratios). In this short paper the main
results regarding the zones between Burlamacca Canal and Bufalina Ditch (zone A) and
between Arno River and Scolmatore Canal (zone C) are presented. In the intermediate
area (zone B) the study is still in progress. In the zone A the 30 m thick unconfined sandy
aquifer was studied, whereas in the zone B the confined gravelly aquifer (10‐20 m thick)
located at a depth between 50 and 100 m below the sea‐level was analyzed. In both
zones, water levels below the sea‐level are referable to groundwater exploitation
principally due to tourism companies and farms. Chemical and isotopic analysis in
different periods highlighted a maximum salt water percentage variable in the intervals
15‐30% and 7‐9% for A and C zones, respectively. Isotopic tools, together with
conservative chemical parameters, allowed understanding of the seawater‐freshwater
mixing mechanisms and to verify the preferential path of the seawater.

INTRODUCTION
The coastal plains are frequently characterized by strong human pressure, which often lead to
the deterioration of water resource. One of the most recurring effects is the variation of the
natural equilibrium between fresh and sea waters and consequent advancing of the seawater
intrusion through the coastal aquifers. Many Italian coastal areas are involved in seawater
intrusion phenomena (Barrocu, 2003); in Tuscany,
several critical situations have been highlighted by
several authors (Pranzini, 2002; Grassi et al., 2007;
Doveri et al., 2009; Butteri et al., in press).
In order to face the above mentioned problems
regarding the seawater and freshwater interference
and to plan the water resource management, specific
studies aimed at defining a detailed outline of the
aquifer systems are needed. In this short paper the
multidisciplinary approach adopted and the main
results obtained in a wide project regarding the
whole Versiliese‐Pisana coastal plain (fig. 1) which
forms the Migliarino‐San Rossore‐Massaciuccoli
Regional Park are presented (detailed description of
the results are available in Doveri et al., 2009 and
Butteri et al., in press). In particular, the results
concern the studies carried out on the unconfined
sandy aquifer and on the confined gravelly aquifer in
the zones between Burlamacca Canal and Bufalina
Fig. 1. Location of the study area.
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Ditch (zone A) and between Arno River and Scolmatore Canal (zone C), respectively (fig. 1). As
regards the zone B, the research is in progress.

METHODS
The coastal aquifer salinization was analyzed by means of a multidisciplinary approach:
integration of the hydrostratigraphic knowledge, verification of the piezometric conditions and
analysis of chemical features and isotopic contents of the water sampled in wells/piezometers
and in the main streams. Sampling and field measurements were carried out both in high and
low level conditions. In order to identify the main hydrogeological complexes, several cross‐
sections were elaborated and a qualitative permeability was attributed to the lithologic bodies,
based on some pumping test data (Cavazza, 2004), grain size properties of materials and a
previous classification of Baldacci et al. (1994). During the field surveys, piezometric level, water
temperature, pH and electric conductivity (EC) were measured and the alkalinity was
determined. Raw and filtered‐acidified water samples were collected for chemical (Cl‐, SO42‐, Br‐,
NO3‐, Na+, K+, Ca2+, Mg2+) and isotopic analysis (δ18O‰ and δ2H‰). Where possible (piezometers
and wells without pump), for groundwater of the unconfined sandy aquifer (zone A) sampling
was done at different depths in order to verify the freshwater‐seawater interface. In this kind of
study, the use of environmental isotopes yields more useful information than classic chemical
elements do. In fact, the isotopic contents are not influenced by interaction processes between
water and solid matrix in normal temperature conditions. This implies that the isotopes preserve
information about the origin of infiltration water and, referring to the coastal aquifer, permit to
discriminate if the water salinity is really linked to the seawater‐freshwater mixing.

RESULTS
Case 1 – The unconfined sandy aquifer (Zone A)
The stratigraphic reconstruction (obtained by 40 logs) of the area between Burlamacca Canal
and Bufalina Ditch highlighted that the
unconfined sandy aquifer is about 20‐30 m thick.
A continuous clayey level represents the
impermeable basement of the aquifer. Water
level contour in fig. 2 show low piezometric
heads, up to negative values, in both the South‐
Western and South‐Eastern zones. These
piezometric
minimums
are
linked
to
groundwater pumping, principally by tourism
establishments and nurseries gardening. The
groundwater
electric
conductivity
(EC)
distribution is complementary to the piezometric
conditions. In fact, lower (600‐800 μS/cm) and
higher (up to 17,000 μS/cm) values were found
in the high and low water level zones,
respectively. The highest EC was detected in
surface water, in particular in the Burlamacca
Canal. Most of the analysed water samples, that
Fig. 2. Water level contour in October 2005 (1 ‐ well
have
low EC, were characterized by HCO3‐Ca
and relative piezometric head; 2 ‐ hydrometric
composition, whereas water with high EC are of
measurement point; 3 ‐ water level contour; 4 ‐ sand
and silty sand; 5 ‐ silt with local peaty intercalations).
the Cl‐Na type (fig. 3‐A). Fig. 3‐B evidences that
most samples with lower EC have δ18O‰ values between ‐5.0 and ‐ 6.0, which are compatible
with local rainfall infiltration. Some groundwater and surface water samples are characterized by
higher values of both EC and δ18O‰, plotting along the seawater‐freshwater mixing curve. This
behaviour is more evident for groundwater sampled at higher depths and for the sample
collected in the Burlamacca Canal (BB18). Massaciuccoli Lake and its emissary (BB47) have very
different features in agreement with the results of Baneschi (2006) study, which highlight that
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chemical and isotopic properties of these water bodies are influenced by both anthropic
contribution and a high evaporation rate.

Fig. 3. A) Piper diagram (1 ‐ groundwater; 2 ‐ surface water; 3 ‐ Massaciuccoli Lake; 4 ‐ seawater). B) Oxygen‐18 vs.
Electric Conductivity. (1 and 2 ‐ well/piezometer in Sept.’05 and Apr.’06, respectively; 3 and 4 ‐ surface water in Sept.’05
and Apr.’06, respectively; 5 ‐ seawater; 6 ‐ mixing curve between local freshwater and Massaciuccoli Lake water;
7 ‐ mixing curve between local freshwater and seawater. Labels with suffix BIS, TER, etc. are related
to different depth samples).

Case 2 – The confined gravelly aquifer (Zone C)
The analysis and elaboration of many stratigraphic
logs of the coastal area between Arno River and
Scolmatore Canal highlighted that the principal
confined gravelly (about 10 m thick) aquifer is
located at 50 m below the land surface in the
southern part of the study area and at about 100 m
northward. There are also more or less continue
gravelly levels at lower depth and they can locally
be in connection with the shallow sandy aquifer, in
particular where the clay and silty clay are not
present or have a limited thickness. The
overexploitation of the gravelly aquifer determines
water levels below the sea‐level on most of the
territory. Two local and more accentuated
piezometric depressions are present in the S. Piero
and Calambrone zones (fig. 4), where the main
Fig. 4. Piezometric sketch map of the confined
gravelly aquifer.
farms are present. In the water‐wells belonging to
these areas we also recorded higher EC values (7,000 and 6,460 μs/cm, respectively). High values
of EC (frequently more than 3,000 μs/cm) are generally observed in all the wells close to the
coastline, with a tendency to increase southward. With the exception of P2, P3 and P4 (S. Piero
area), almost all the water sampled in the well of inland zones are characterized by relatively low
EC, often less than 2,000 μs/cm. The maximum EC (18,500 μs/cm) was recorded for the Arno
River near to the bed (‐4 m from the surface of the water). From a chemical point of view, we
observe that up to middle values of TDS the salinity is mainly regulated by HCO3 and sometimes
by SO4, whereas high values of TDS depend on Cl contents. Synthesizing, the chemical
composition points out that in the study area the gravelly aquifer is characterized by a water
circulation with prevalently Ca/HCO3‐SO4 composition, which evolves towards Na/Cl
composition. Samples with high Cl contents have Na/Cl and Br/Cl ratios comparable to those of
seawater (fig. 5‐A). As regards the isotopic contents, most groundwater samples are grouped
into values of δ18O‰ and δ2H‰ of about ‐6.5/‐6.8 and ‐37/‐40, respectively. Such values are
typical of the water circulating in the confined gravelly aquifer of the internal portion of the
Pisan Plain (Grassi & Cortecci, 2005) and are representative of recharge altitude higher than the
plain. For some samples a shift of isotopic ratios from the main group toward higher values of
δ18O‰ and δ2H‰ was observed. This behaviour is particularly evident for surface water sampled
in the Arno River. Comparing the δ18O‰ and Cl contents (fig. 5‐B), we observe that the samples
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with higher values of such parameters in some cases belong to the curve of mixing between
gravelly aquifer groundwater and seawater, in other cases they stay between this curve and that
representative
of
the mixing between
shallow
sandy
aquifer groundwater
and seawater.

DISCUSSION AND
CONCLUSIONS
In both zones A and
Fig. 5. Binary diagram Br vs. Cl. B) Binary diagram δ18O‰ vs. Cl (GG‐SW: gravel
C,
water
levels
groundwater‐seawater mixing; SG‐SW: sand groundwater‐seawater mixing).
below the sea‐level
were identified, referable to the groundwater exploitation principally by tourism companies and
farms. The use of chemical and isotopic tools allowed us to identify the seawater intrusion
connected to such piezometric conditions and understand the mechanism whereby it occurs. In
particular: i) in the groundwater of the unconfined sandy aquifer (zone A) a maximum salt water
percentage variable in the intervals 15‐30% (depending of the seasonal period) was identified.
The freshwater‐seawater mixing is present both in the zone near the shoreline and in the
internal zone. In the second case the presence of salt water in the aquifer is connected to
drainage from the artificial lakes and canals, which receive seawater through the Burlamacca
Canal. Analysis of samples collected at different depths highlighted that the freshwater‐seawater
transition zone is at a depth of about 25 and 20 m near the shoreline and in the internal side of
the studied territory, respectively; ii) as regards the confined gravelly aquifer (zone C) the
presence of seawater was verified in maximum percentages of about 7‐9 %. Higher fractions of
salt water insist in the two zones where high pumping rates determine a water level largely
below the sea‐level. In the first zone, located in the southern part within 2 km from the
shoreline, chemical and isotopic data clearly show a direct seawater intrusion through the
gravelly aquifer. For the second zone, located near the Arno River and about 6 km far from the
sea, in order to justify the isotopic behaviour it is necessary to admit that the seawater in the
mixing process derives from the Arno river‐shallow sandy aquifer system, which is, in a limited
area, likely in contact with the gravelly aquifer.
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