
ABSTRACT
In the area around the estuary of the Sado River

the steel casing of some wells is corroded or deteriorat-
ed due to the corrosive environment in the salty
Pliocene aquifer. The casing rupture allows water from
this aquifer to communicate directly with the underlying
fresh water Miocene aquifer and contaminate it
through a process known as interaquifer exchange.
Groundwater vertical movement occurs under natural
hydraulic gradients induced by the fresh water abstrac-
tion. Electric resistance and temperature logging of the
water column in the wells were the methods used to
identify ruptures in the well casing and to provide infor-
mation on the movement of water through the wells.
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INTRODUCTION 
In the area around the estuary of the Sado River

(figure 1), 40 km South of Lisbon, are located some well
fields which are the origin of some important ground-
water supplies. Groundwater is used for irrigation,
industrial processes, as well to satisfy the demand
brought about by increased population and tourist
activity. The groundwater withdrawl for these supplies is
about 1,5 m3/s the rate of abstraction for industrial use
being higher than 1 m3/s. The industries are located in
the North estuary bank (Mitrena peninsula) and the
domestic and tourist activity is prevailing in the Tróia
peninsula (South bank). The Setúbal (a riverine city of
about 115.000 residents) water supply system is
excluded from this analysis because the wells are locat-
ed some kilometres landward.

The water is pumped from the Tagus-Sado aquifer
system, the most extensive and important groundwater
reservoir of Portugal (Mendonça, 1996; Simões, 1998;
and Almeida et al., 2000). Neogene and Quaternary

deposits fill the lower Tagus-Sado sedimentary basin, a
fault controlled tectonic basin that subsided mainly dur-
ing the Neogen (Zbyszewski et al., 1976; Ribeiro et al.;
1979, Cabral, 1995; Cabral et al., 2000). The Tagus-
Sado tertiary Basin is an elongated depression running
NE-SW, some 150 km in length and 80 km at its widest.
It is filled mainly with continental detritus series with
intercalated marine and brackish formations and is par-
tially covered by recent alluvial and dune deposits.

In the area of the Sado estuary the hydrogeological
sequence consists of an unconfined and salty aquifer
(sand with clay lens of the Pliocene) bounded below by
an aquiclude which overlies a highly permeable con-
fined aquifer (Miocene aquifer) extending under the
estuary and the Atlantic Ocean (figure 2). At the shore
of the estuary the Pliocene aquifer is recovered by allu-
vial deposits and in the Tróia peninsula there is a small
and fresh water aquifer in dunes which overlies the
Pliocene Aquifer.

The Miocene aquifer is a sequence of calcarenites,
limestones and marls. In the Mitrena peninsula the
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Figure 1.- Location map 



transmissivity is 2.7x10-2 m2/s, the storage is 2.3x10-4

and the specific capacity of wells is 6.6 x10-3 m2/s
(Mendonça, 1992). In the early 1960´s, before the
development of the Miocene aquifer, the piezometric
level in the Mitrena peninsula was +6.5 m (m.s.l). With
the increasing abstraction regime there was a progres-
sive groundwater head drawdown and, at present, the
piezometric level is about -20 m in the estuary area.

In the area of the Sado estuary, the Miocene
aquifer is exploited by wells with depths up to 250 m.
Individual wells yield as much as 100 L/s and their
water is of very good quality (table 1).

Steel has been the most commonly used casing
material for the largest wells. In most of these wells the
casing is grouted to gain protection against the corro-
sive environment in the salty Pliocene aquifer. In spite of
this protection, the casing and/or seals of some wells
is/are corroded or deteriorated and this can severely
limit the useful life of the wells. The inflow of salty water
of the Pliocene aquifer caused by corrosion of the cas-
ing also severely limits the use of the water from dam-
aged wells. The casing rupture allows water from the
overlying salty aquifer to communicate directly with the
Miocene aquifer and contaminate it through a process
known as interaquifer exchange (Barcelona et al.,
1988). Groundwater vertical movement occurs under
natural gradients induced by the fresh water abstrac-
tion.

In this communication, three case studies of inter-
aquifer contamination caused by corrosion of the well
casing and/or deteriorated seals will be presented. Two
wells are located in the Tróia peninsula and the third in
the industrial area of the Mitrena peninsula.

METHODOLOGY
Electric resistance and temperature logging of the

water column in the wells were the methods used to
identify ruptures in the well casing. Unfortunately, the
used equipment measures the electric resistance of the
water and not the electric resistivity as desirable. The

electric resistance curves can be used for qualitative
interpretation and its configuration is identical to the
electric resistivity curves. These logs also provide useful
information on the movement of water through the
wells, including the location of depth intervals that pro-
duce or accept water.

The tests were performed both with and without
pumping. During the pumping tests, yield and draw-
down were recorded; the Cl- content of the water was
analysed and correlated with the measured electric
resistance of the water.

CASE STUDIES
The described methodology was applied to study

the contamination induced by the saline water of the
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Figure 2. Schematic geological section of the Tagus/Sado aquifer system in the Mitrena peninsula.

Table 1. Chemical composition of the Miocene aquifer water



overlying Pliocene aquifer in three wells tapping the
Miocene aquifer.

Case study in the Mitrena peninsula
The well CS1 (the original designation is ACP7-

Socel) is located in the Mitrena industrial area, near the
North bank of the estuary of the Sado River (figure 1).
This case study was partially described by Mendonça
(1992).The hydrogeological sequence at the well site
(figure 3) corresponds to the typical sequence described
in the figure 2. The site is located at the central zone of
a wide depression with NNW-SSE trend defined by the
roof of the carbonate sediments.

The well (figure 3) was constructed in 1964. The
hole was drilled by the reverse circulation rotary
method and a telescopic casing (20”x16”x12”) was
applied with 12” diameter screens installed in the
Miocene aquifer; the 20”x16” casing was grouted with
cement. In the middle 1970´s an inner telescopic casing
(steel coated with polyester) of 18”x14” was installed
to repair a casing rupture.

Figure 3. Profile of the CS1 well and geological, spontaneous
potencial and resistivity logs.

In the early 1990’s a salty water inflow was detect-
ed again: the Cl- content of the water from the initial
discharges grew up to 4g/L and as pumping continued
the Cl- content decreased (figure 4).

With the electric resistance logs carried out (1)
when no water had been removed from the well for a
long period (figure 5-1(a)), (2) when pumping was in

progress (figure 5-1(b)), and (3) after the pumping was
stopped (figure 5-1(c, d, e)), the casing rupture was
located and vertical flow of water in the well caused by
differences in head was identified.

Figure 4. Chloride content of the water pumped from the CS1
well in the early 1990´s.

The salty water flows through rupture(s) located in
the depth interval from 49 to 51 m, corresponding to
the salty Pliocene aquifer. After the pumping was
stopped, vertical movement of fresh water was identi-
fied from the upper screened producing layers to the
lower accepting ones (figure 5 -2). After the pumping
had been stopped for several hours, the salt water filled
the water column in the well and migrated to the fresh
water Miocene aquifer (figure 5-3) . The severity of the
aquifer contamination was proportional to the length of
the period without pumping.

Figure 5. Water electric resistance logs and schematic move-
ment of the groundwater through the well CS1. (a) when no
water had been  removed from the well for a long period; (b)
when pumping is in progress (160 minutes); (c), (d) and (e)
after the pumping was stopped 6, 67 and 100 minutes, res-
pectively.
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Using an approach founded in the Cl- entering into
the well in the period between two electric resistance
logs after the pumping was stopped, the estimated
salty water yield entering into the well was approxi-
mately 45 L/h. The Cl- water content of the water col-
umn was obtained by regression analysis (R2=0.98): log
Cl- = -0.0094 . r + 4.04, where r is the measured elec-
tric resistance of the water.

Case studies in the Tróia peninsula
The hydrogeological setting in the Tróia peninsula is

generally identical to the one in the Mitrena peninsula.
In spite of this, some peculiarities are highlighted
(figure 6): (1) the Tróia peninsula is located at the W
limb of the referred wide depression delineated by the
roof of the carbonate sediments, and for that reason
the Miocene aquifer is about 30 m higher than in the
Mitrena peninsula; (2) there is a thin, lenticular and
fresh water aquifer in dunes which overlies the Pliocene
Aquifer; and (3) the Miocene aquifer in the Northern
area of the Tróia peninsula is salty. This last statement is
supported by results of geophysical studies carried out
by the Societé de Recherches Geophysiques in 1965
and by the results of a 242 m deep hole drilled in this
area (AC1-CEOME, figure 6). Saline water was found in
all the aquifer column with the exception of the depth
interval from 163 to 185 m where brackish water (8 g/L
of Cl-) was found. According to the geological interpre-
tation presented in figure 6, this zoning in the Miocene
aquifer is controlled by the geological structures which
deform the Miocene layers and remove the aquiclude
from the bottom of the Pliocene aquifer.

Case study 2
The well CS2 (the original designation is AC7-

Soltroia) was constructed in the early 1970´s. The hole
was drilled by the reverse circulation rotary method and
a telescopic casing (12”x8”) was applied with 8” diam-
eter screens installed in the Miocene aquifer. To prevent
vertical migration of saline water from the overlying
salty aquifer within the well annulus a bentonite seal
was created over the screened interval (figure 7).
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Figure 6. Schematic geological section of the Tagus/Sado aquifer system in the Tróia peninsula.

Figure 7. Profile of the CS2 well and geological, spontaneous
potencial and resistivity logs.



A sudden increase in the Cl- content of the pumped
water (up to 2 g/L) was the first alarm for salty water
inflow in the well. A view inside the well taken by a
video camera identified a strong muddiness in the
water in the depth interval from 110 to 120 m, which
was interpreted as a consequence of casing rupture. The
well was repaired with installation of an inner 10”x6”
telescopic casing up to 124 m deep. A cement grout
was injected into the void space between the old and
the inner casing.

After 2 months of pumping for aquifer remediation,
the Cl- content of the pumping water decreased down
to 350 mg/L. However, every time there was a pause in
the pumping, the Cl- content of the water from the ini-
tial discharges grew up to ª 2 g/L.

Figure 8. CS2 well water logs.

A new investigation inside the well was carried out
using temperature and electric resistance logging
(figure 8). These logs point out the inflow of saline
water through the upper screen, the filling of the
screened interval with saline water and the contamina-
tion of the fresh water Miocene aquifer. The vertical
migration of saline water from the overlying salty
aquifer through the annulus is a consequence of the
bentonite seal deterioration induced by the casing rup-
ture and revealed by the observed muddiness in the
water.

Case study 3
The well CS3 (the original designation is AC8-

Soltroia) was constructed in the middle of the 90´s. The
hole was drilled down to the 80 m depth by the reverse

circulation rotary method. After the 12” casing was
grouted with cement, the deep hole was drilled and the
8” well casing and screen were then telescoped
through de 12” casing. To prevent the inflow and the
vertical migration of saline water from the overlying
salty aquifer, the 8” casing was grouted down to 130 m
deep (figure 9).

Figure 9. Profile of the CS3 Well and geological, spontaneous
potencial and resistivity logs.
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Figure 10. CS3 well water electric resistance logs. (a) when no
water had been  removed from the well; (b) when pumping is in
progress (75 minutes); and (c) after the pumping was stopped 60
minutes.



In spite of the sealing of the well annulus, the
water pumped from the well was brackish (the Cl- con-
tent grew up to 2 g/L).

An investigation inside the well was carried out
using temperature and electric resistance logging both
with and without pumping (figure 10). The resistance
logs point out the inflow of saline water through the
zone where the 12” casing overlaps the 8” casing, the
filling of the screened interval with saline water and the
contamination of the fresh water Miocene aquifer.

CONCLUSIONS
Before development, the piozemetric level of the

Miocene aquifer in the area of the Sado estuary was
higher that the one of the overlying and salty Pliocene
aquifer. At present, this relation is reversed. Downward
hydraulic gradient and well casing ruptures allow the
water from the overlying Pliocene aquifer to communi-
cate directly with the Miocene aquifer and to contami-
nate it with saline water

Electric resistance and temperature logging of the
water column in the well were the methods used to
identify ruptures in the well casing. These logs also pro-
vided useful information related to relative hydraulic
head and on the movement of water through the wells,
including the location of depth intervals that produced
or accepted water.

In spite of the cement grouting, the steel casing is
corroded or deteriorated by the corrosive environment
in the salty Pliocene aquifer which severely limits the
useful life of the wells. According to a study on 13 wells
located in the Mitrena industrial area, the average use-
ful life of these wells is between 15 and 16 years. This
average useful life corresponds to the time elapsed
between construction and the first rupture or to the
time elapsed between the first repair and a new rup-
ture.

This investigation also highlights the environmental
hazard of abandoned wells and the need to seal wells

carefully in order to prevent saline water of Pliocene
aquifer from entering the Miocene aquifer.
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