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Abstract

The thermal Fadagosa-Nisa water is located at north Alentejo (Portugal) and it is important in the economy of
this region. The studied area is in a predominantly fractured granite and the water circulation is characteristic of
fissured media, with a productivity of 2 L/s from a single well. Water hydrogeochemistry results revealed a
mineralized water, with an electrical conductivity of 454 uS/cm and a total mineralization of 310 mg/L, neutral
(pH=7.9-8.0) and a temperature of 19°C. The thermal water has a dominant hydrogeochemical sodium-
bicarbonate facies, with a fluoride (F=9.6 mg/L) and hydrogen sulphide content (HS=15.2 mg/L), and moderate
amounts of silica (SiO,=34.0 mg/L). The low nitrate (NO3=0.1 mg/L) and sulphate (SOs*=1.6-5.2 mg/L)
contents support the low vulnerability associated to the groundwater catchment. No significant seasonal changes
have been found in the Fadagosa-Nisa thermal groundwater composition, suggesting a hydrogeochemical
stability to the area. The regular hydrogeochemical results is in accordance to the low vulnerability obtained by
the application of DRASTIC index in the Fadagosa-Nisa area.
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1. INTRODUCTION

Portugal is one of the richest countries considering the huge number and variety of natural springs,
some of them known since ancient times and recognized due to its medicinal properties (Lepierre
1930). Thermal mineral waters are a potential resource in the economic development of a region. The
thermal waters of Fadagosa-Nisa have an important role on the local economy and on its community
welfare due to the therapeutic properties, particularly the skin diseases treatment. The thermal
activities date back to the eighteenth century as suggested by the construction of the first buildings in
1792 (Figueiredo 1956). However, since then, the activities have not been steady along the years,
alternating the active development, with decline and abandonment. The first contract, aiming the
natural mineral water exploitation for a period of 50 years, was signed in 1992, thereby the first
protection perimeters for the thermal catchment were created through the delineation of three zones of
influence: immediate, intermediate and broad protection areas (Diario da Republica 1992).

The objective of this study was to characterize the hydrogeology and hydrogeochemistry of Fadagosa-
Nisa thermal water, aiming a better understanding of hydrogeological groundwater fractured systems.

2. FADAGOSA-NISA THERMAL AREA

2.1. Hydrogeological setting

The thermal mineral water from Fadagosa-Nisa is situated in the NE of the Alentejo region, 9 km
southwest of Nisa, northern Portalegre, Central Portugal (Fig. 1a; b). The studied area is included in

the Variscan Massif, Central Iberian Zone, showing an intense fracturation due to the compressive
tectonic movements during the Variscan orogeny, Paleozoic.
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Fig. 1. a) Study area geographical setting; b) Fadagosa-Nisa thermal area; c) vulnerability classes

Geologically, the area is predominantly composed of fractured granites, with fractures often filled with
clay materials (Mota Pais 2011).

The underground water productivity of the rocks from the Variscan massif is locally and highly
controlled by geological structures, whereby the mineral waters are directly conditioned by regional
fracturation (Carvalho 1996). In these formations, relevant discontinuous systems occur and water
circulates predominantly through these discontinuities (Almeida et al. 2000).

At the studied area, the occurrence and movement of groundwater is mainly controlled by fractures
and other discontinuities (Fig. 1c).

The groundwater catchment of Fadagosa-Nisa is located in a slightly watered granite, highly fractured,
belonging to the Igneous Rocks water sector, which is filled by secondary clays. The average
productivity is approximately 2 L/s (well ACP4), indicating a poor water unit’s capacity and showing
specific features of a fissured water system. Extensive farming and extensive livestock production are
the dominant activities in the area and, consequently, the potential source of negative impacts on
groundwater quality (Mota Pais et al. 2012).

The thermal water characteristics depend on the rocks composition and water residence time.
Therefore, it is essential to ensure geological environments’ preservation because spatial-temporal
evolution influences the thermal water resources. The water quality maintenance is crucial and
depends on the vulnerability of aquifer systems (Samake et al. 2011). The DRASTIC index was
applied as a methodology for vulnerability characterization of the studied area (Mota Pais et al. 2012).
It is possible to identify spots of moderate to high vulnerability, although, around the Fadagosa-Nisa
catchment, the vulnerability is low (Fig. 1c).

2.2. Hydrogeochemical assessment

The Fadagosa-Nisa thermal water is an important resource for medical and therapeutic purposes and
an important component of community income. The groundwater catchment (ACP4), about 65 m
deep, holds an average productivity of 2 L/s.

The thermal water from Fadagosa-Nisa has similar characteristics with other Portuguese waters,
corresponding to the main Portuguese thermal units. Granite-related waters are dominated by the
HCO;3 anion and Na, Ca and K cations, with an appreciable amount of SiO; (20 to 100 ppm). The
thermal waters in Portugal, about 52 springs, have emergency temperatures between 20 and 76° C in
the north and center of Portugal, due to their lithological and structural characteristics (Marques 2012).
The main features of the Fadagosa-Nisa thermal water are a temperature of 19°C and a neutral pH
value (pH = 7.9-8.0). These values are in the pH range of most groundwaters (pH= 6-9). The thermal
water has an electrical conductivity of 454 uS/cm and a total mineralization of 310 mg/L.

The thermal water also has substantial amounts of silica (SiO>= 34.0 mg/L), fluoride (F = 9.6 mg/L)
and hydrogen sulphide contents (HS = 15.2 mg/L).



According to Piper classification, the thermal water is of the sodium bicarbonate type (HCOs; = 151.5
mg/L; Na = 98.5 mg/L). The low nitrate (NOs~ = 0.1 mg/L) and sulphate (SO.* = 1.6-5.2 mg/L)
contents support the low vulnerability associated to this groundwater catchment. The waters in the
Central Iberian Zone are generally hyposaline and compatible with human consumption (Diério da
Republica 1998). However, the arsenic content in water (As = 26 pg/L) is higher than the maximum
reference value for human consumption established by the Portuguese legislation (10 pg/L).

The thermal water composition of Fadagosa-Nisa is stable, as suggested by the obtained water results,
between 1990 and 1996, in extreme climatological conditions (Calado 2001). This hydrogeochemical
stability supports the reduced vulnerability obtained to the Fadagosa-Nisa area with low values for the
DRASTIC index, along the entire hydrological year.

The statistical evaluation of physical and chemical water parameters, determined for 10 years (2000-
2010), allowed the temporal variability characterization and the interpretation of possible future
impacts, mostly due to seasonal vulnerability. The obtained results indicate no significant seasonal
changes for the intrinsic vulnerability parameters, as they tend to remain constant independently of the
seasonal period (Fig. 2). However, despite it might be unlikely to expect contamination, the risk
monitoring should be a priority procedure as well to take appropriate precautionary measures.
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Fig. 2. Seasonal Fadagosa-Nisa thermal water composition

3. CONCLUSIONS

The thermal mineral water from Fadagosa-Nisa is located in a slightly watered granite, highly
fractured, showing typical features of a fissured groundwater system. The average productivity is
approximately 2 L/s, locally and highly controlled by geological structures.

The Fadagosa-Nisa thermal water is an important resource for medical and therapeutic purposes and
an important factor for the community income. Physico-chemical water results revealed a mineralized
and neutral groundwater with a dominant hydrogeochemical sodium-bicarbonate facies.

A temporal study of the catchment groundwater composition indicates a hydrogeochemical stability,
since no significant seasonal water changes have been found and water composition remain stable,
independently of the seasonal period. The stability of water results support the obtained low
DRASTIC index values in the Fadagosa-Nisa area.

The Fadagosa-Nisa thermal area occurring in granitic formations with a dense system of faults,
associated with the water deep (65 m), has a low vulnerability to the potential contaminant infiltration.
Vulnerability assessment is relevant for decision making, concerning territorial planning and local
resource preservation and future risk monitoring is a crucial tool for the assessment and management
of thermal resources.
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