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ABSTRACT 
 
 Recife, Capital city of Pernambuco State, is located in the Atlantic Ocean    
coast. State agencies held the control of water supply, serving around 90% of the 
population, and are in charge for regulation issues. Recife  water supply system has 
been mainly based on surface water resources. Groundwater has been used as a 
complementary resource through few deep wells drilled and controlled by the State 
Water Supply Company and through a massive number of private deep and shallow 
wells, both deep and shallow, supplying hotels, industries and residential houses and 
buildings.  
 The geology in Recife Metropolitan Region (RMR)  is divided into two main 
tectonic units: a) The basement rocks and b) the phanerozoic covers. The basement 
rocks includes granitic, migmatic and gneissic rocks of the Pernambuco-Alagoas 
Massif, whereas the phanerozoic cover includes cretaceous sediments of the 
Pernambuco and  Paraíba Groups, Tertiary sediments of the Barreiras Formation and 
Quaternary sediments of the Recife coastal plains. 
 The aquifers in the RMR are classified, according to the geomorphologic 
domain [Costa et al. 1998], in: 1) Basement rocks plain (fractured aquifer); 2) 
Northern Sedimentary and Recife Coastal plains (porous aquifers). Cabo, Beberibe 
and Boa Viagem are the coastal aquifers which occur in   the plain. 
 The Cabo aquifer occurs in the Recife coastal plain, and comprises sandstones, 
siltestones and mudstones, with average thickness of 100m. The Cabo aquifer, a 
confined formation, is the most intensively exploited. Beberibe aquifer will not be 
addressed in this study. 
 Only recently has the Government agencies started to control the drilling and 
exploitation rate of the private wells. Thus, in general, there is not a satisfactory level 
of information about the wells. A software has been recently developed and 
implemented compiling all the available information on the wells [Cabral et al., 
2000]. This software is aimed as a tool for supporting groundwater management. 
 A recent study funded by IDRC (Canada) [Costa et al, 1998] has found that 
the massive exploitation of the aquifers in the plain has been deteriorating the system 
both in terms of groundwater quality and quantity for the last 20 years. During this 
period, piezometric levels have lowered up to 70m in some areas [Costa et al., 1998]. 
One of the major problems related to the groundwater quality in this system has been 
the increasing salinity level observed in some wells. The main causes that have been 
pointed out for the increasing salinity in this intensively exploited coastal aquifer 
system are seawater intrusion, and connection with mangroves and estuarine areas. 
The main contribution of the reported study has been the proposal of a groundwater 
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management plan for RMR. According to the management plan, all the new drilled 
wells should encompass devices for allowing groundwater level and discharge rate 
evaluation. The management plan established control zones, each of them with a 
maximum extraction rate per single well. In one of these zones, drilling would no 
longer be permitted, and any new well should start operating. At that time, the 
management plan has not been implemented from the Government due to a severe 
water supply shortage (up to seven days without by 1 day with running water) caused 
by a drought occurred in the Northeast Brazil in 1998 and 1999. For both of these 
years, the annual rainfall volume has been less than 50% the average annual volume. 
As a consequence, an excessive and disorganized exploitation of the coastal aquifers 
has occurred, in order to overcome surface water supply shortage problems. It has 
been estimated that the number of operating wells has increased from 2,000 to 4,000 
during this period, while the total extraction rate increased from 1.6 to 4.0 m3/sec. 
[Costa., 2000]. The recharge rate in the upper aquifer is estimated as 936,000 m3/year, 
whereas the extraction rate  is estimated as 11,000,000 m3/year.  
 The rainy season in the year 2000 has changed this scenario. The annual 
rainfall volume has been around 40% more than the average annual volume. The State 
Secretary for Water Resources has attempted then to implement the proposed 
management plan. However, even though a large number of new wells has started 
operating since the first attempt to implement the plan, several buildings constructers 
have claimed that their residences being built have already been sold accounting for 
groundwater supply through well. And yet, the groundwater management plan has not 
been fully implemented in RMR. This exploitation has probably caused a heavy and 
disoriented vertical flow which may increase its vulnerability to salt water intrusion 
from the upper aquifer. Also, the inadequate land occupation and the wells drilled 
without the appropriated technical support increases the vulnerability of the aquifer.  
 In order to characterize the groundwater and investigate the risk salinity 
increasing  in the Cabo aquifer a monitoring network has been established. From 
May, 1999 to October, 2000, 11 monitoring surveys have been performed along a 
region located alongside the coast with approximately 10 Km length and 300 m wide. 
Most monitored wells are more than a hundred meters deep. The region is one of the 
most intensively exploited in the coastal plain, with around 500 wells operating 
continuously. 
 The monitoring program has been established considering the following 
criteria for selection of the observation points. In general, have been preferably 
chosen: 
-wells drilled next to locations where other ones have been abandoned in the past due 
to increment in salt concentration; 
-wells with known geologic profile and construction details. 

The selected wells have been monitored with individual frequency established 
as a function of the time variation of the ions analyzed and the electrical conductivity. 
Five monitored wells are less than 50 m deep and located in the Boa Viagem Aquifer 
(unconfined formation). The remaining  76 wells are from 61 to 180 m deep and are 
located at the Cabo Aquifer. The groundwater in the upper formation is generally of 
poor quality, due to the presence of saline mangroves and leakage from the sewage 
(pipes and septic tank) . The purpose of including some few shallow wells in the 
monitoring program was to try to infer an evidence of the difference in salinity pattern 
between the two formations.  
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For the total 524 samples analyzed during the monitoring program, the 

electrical conductivity ranged from 0,10 to 13,8 mS/cm. 
Seven regions, grouping  neighbor  wells with higher salinity, have been 

identified. Twenty wells located in these regions have electrical conductivity above 
0,7 mS/cm. Most of the wells in these regions are located along the waterfront 
avenue. Generally, during the monitoring period there has not been a remarkable 
change in the salinity pattern. One of the wells, however, has presented a relatively 
sharp increase in the electrical conductivity, and then after the last rainy season this 
parameter decreased. Although the monitored area is densely urbanized, there is an 
extensive  zone with bare sandy soil, nearby this well. Thus, it is believed  that  the 
behavior of the electrical conductivity in this well is likely to have been suffering 
influence of recharge.  

For the last analysis performed in thirteen wells located in the critical zones 
(October, 2000) the magnesium and calcium ionic ratio  (rMg/rCa) ranged from 0.98 
to 2.24. For the same period and wells the ratio (rCl/rNa) ranged from 0.88 to 1.66, 
the ratio (rCl/rHCO3) ranged from 0.27 to 27.72, and the ratio (rK/rNa) from 0.10 to 
0.25. Those ratio values are, in many cases, higher than the upper limits usually found 
in groundwater, mainly for the (rCl/rHCO3) ratio. 
 Even though the observed salinity levels can not be strictly attributed to 
seawater intrusion there is an imminent  thread due to the system over- exploitation 
conditions. The monitoring program will continue including additional wells. Also, 
stable isotopes analysis (18O  and  2H)  will be pursued in order to help identifying  the 
causes for the observed behavior.  
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