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ABSTRACT Calcareous and calcareous-dolomitic reliefs form the backbone of the Monti Picentini
Regional Park. A possible subdivision of the groundwater bodies of the area into
hydrogeological basins was proposed: for each basin the stratigraphy and structure as
well as the scheme of groundwater circulation were drawn up. Many basins fall only
partly within the park and most of their groundwater often ends up outside the area in
question; the Terminio-Tuoro mountains, for example, feed large springs (Cassano
Irpino group, Serino springs, etc.) that are all outside the park boundaries. Using
integrated hydrogeological data analysis, we defined the main aspects of aquifer
vulnerability to pollution and identified the factors that may locally increase the risk
of resource contamination. Finally, the effective recharge of the various groundwater
bodies was evaluated. 

1. Introduction

The aim of this paper is to define the current hydrogeological knowledge for the area of the
Monti Picentini Regional Park; it contains a synthesis of several studies carried out in this area
(see references).

Calcareous and calcareous-dolomitic reliefs form the backbone of the Monti Picentini
Regional Park.  The presence of the karst network influences the groundwater flow, feeding large
springs; the poljes, such as Piana del Dragone and Laceno, often carry surface waters into
groundwater bodies, causing contamination problems (Celico et al., 1982, 1994; Aquino et al.,
2006; Aquino and Aquino, 2007).

Data and information from the above cited studies were improved by our original research and
unpublished field experience. Considerable effort was expended in situ both to verify certain
situations of particular interest and to census all the more significant springs and boreholes
falling within the park's domain.

On the basis of this information more products have been drawn up: 
1. the hydrogeological map of the park at a scale of 1/50,000 (Plate 1) ; 
2. the intrinsic aquifer vulnerability map of the park at a scale of 1:100,000 (left-hand side of

Plate 1); 
3. illustrative notes, represented by this paper, that summarize the knowledge about

groundwater resources for each groundwater body (as required by Directive 2000/60/EC
and as recognized in SOGESID, 2005) and their proposed subdivision into hydrogeological
basins; 
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4. the evaluation of the effective recharge of the various groundwater bodies.
By necessity, the text of these illustrative notes has been condensed, although the size of the

area and its hydrogeological complexity would have deserved a more extensive discussion. As a
compromise, we have included an extensive bibliography which should be used if further
information is required.

2. The groundwater bodies of the Monti Picentini Regional Park

The Picentini Mountains encompass four large mountain groups: Terminio/Tuoro, Cervialto,
Polveracchio/Raione and Accellica/Licinici/Mai; they give rise to the rivers: Sabato, Calore
Irpino, Ofanto, Sele, Tusciano, Picentino and Solofrana. The Picentini Mountains consist of
limestones, dolomitic limestones and dolomites from the Upper Trias to the Upper Cretaceous.
During the formation of the Apennine Range, these carbonate successions were overthrust upon
the deep-sea deposits of the eastern areas. This event is well visible in the south-eastern part of
the Picentini Mountains, in the Campagna tectonic window, where the fluvial erosion cut the
carbonate succession, revealing these marine basinal sediments (Scandone et al., 1967; Turco,
1976; Ferranti and Pappone, 1992, 1995).

Carbonate sediments are covered by flysch-facies terrains consisting of interbedded
sandstone, calcareous sandstone, marl and clay. These deposits crop out widely at the foot of the
Picentini Mountains along the northern border and between the Cervialto Mountain and the
Terminio-Tuoro group.

The various hydrogeological basins (described in sub-paragraphs, e.g., 2.1.1.) falling within
the groundwater bodies (described in paragraphs, e.g., 2.1.) identified under the Campania
Regional Authority’s Water Protection Plan (SOGESID, 2005) are illustrated in Fig. 1.

2.1. Accellica-Licinini-Mai 
2.1.1. Mts. Solofra

This area includes the mountains in the park’s north-western sector bounded by the upper and
middle valley of the Solofrana and, to the NE, by the River Sabato.  Here, the main formation
consists of limestones and dolomites (Upper Cretaceous-Lias) resting on Triassic dolomites.
There are few springs fed by the perched water table: the most significant is called Bocche
Soprane (12 l/s). Most of the actual infiltration reaches the main aquifer which, via the carbonatic
substrate of the Solofrana middle valley, contributes to the feeding of the springs of S. Marina di
Lavorate and S. Mauro (at least, as long as it was active) in the Sarno plain (Celico et al., 1995;
de Riso and Ducci, 1992; Sarno River Basin Authority, 2004).

These mountains form part of a substantially independent hydrogeological basin within the
more extensive Mts. Avella / Partenio / Pizzo d’Alvano groundwater body. The separation is
thought to be located (de Riso and Ducci, 1992) along faults running continuously from
Monteforte Irpino, west of M. Isca (Forino plain), Bracigliano, Siano and the small ridge at
its foot where the S. Marina di Lavorate and S. Mauro springs are. All this derives from
(Corniello, 2008):

- hydro-chemical diversity (Celico et al., 1980) between the S. Mauro and S. Marina di
Lavorate springs and the remaining ones (S. Maria la Foce, Mercato and Palazzo, Cerola)
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on the Sarno side;
- several years ago, the disappearance of the S. Maria la Foce and S. Mauro springs which

were, respectively, at a higher and lower altitude: a result which can be interpreted simply
by two substantially distinct basins.

The hydrogeological basin of Mts. Solofra is the northward limit marked by contact with fairly
impermeable clayey-marly arenaceous sediments. Eastwards the boundary may be pushed as far
as the eastern foot of the Mt. Garofano group, whose water table (situated at about 200 m AMSL;
Celico, 1979; Sarno River Basin Authority, 2004) is much lower than that feeding the Serino
springs Acquaro/Pelosi (370 m AMSL) in the nearby Sabato Valley. Southwards the
hydrogeological basin is bounded by the tectonic line Materdomini-Pellezzano according to

Fig. 1 - Groundwater bodies, as recognized in SOGESID (2005), and hydrogeological basins: 1) Mts. Solofra;  2) Mt.
Terminio; 3) Mt. Cervialto; 4) Calabritto; 5) Mt. Antillo;  6) Mts. Magnone/Polveracchio;  7) Mt. Raia; 8) Mt. S.
Salvatore; 9) Mt. Accellica; 10) Mt. Calvo; 11) Mt. Telegrafo; 12) Mt. Raione/Olevano sul Tusciano; 13) Mts. Licinici;
14) Mts. Mai; 15) Mts. Monna and Tobenna. 
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studies reported by Celico et al. (1977). The south-eastern boundary is less clearly defined and
reference should be made to studies of a regional nature (Budetta et al., 1994; Sarno River Basin
Authority, 2004; SOGESID, 2005).

2.1.2. Mts. Licinici / Mai/ Telegrafo 

The mountains rising north of Giffoni Vallepiana constitute several hydrogeological basins
which, however, only partly fall within the Picentini Regional Park. The carbonatic succession is
tectonically overlaid by thrust faults on Lagonegro Units consisting of flinty limestones and
siliceous schists, outcropping in a tectonic window along the River Picentino and the Rio Secco
and Capodifiume torrents (Ietto, 1963a, 1963b, 1965).

The northern boundary of these mountains coincides with the important fault of the upper
valley of the Sabato. Westwards, the Mts. Licinici basin may be considered sufficiently buffered
by outcrops of the impermeable substrate of Lagonegro Units and by tectonic phenomena (where
the channel of the Rio Secco sits). To the SE the hydrogeological boundary, which actually
separates the basins of Mts. Licinici and Mt. Telegrafo, probably coincides with the faults
followed by the course of the Capo di Fiume and the Picentino. Along this tectonic phenomenon,
we may also observe: a) outcropping (in a tectonic window) of the impermeable marly-siliceous
calcareous substrate in the area of Giffoni Vallepiana and b) the presence of fairly impermeable
marly limestones within the dolomitic succession.

The main springs of the Mts. Licinici basin are:
- the springs called Cocchiaduro (131 l/s, close to the confluence of the streams Capo di

Fiume and Infrattata) and Chieve (25 l/s);
- widespread groundwater outlets along the channel of the Infrattata (about 121 l/s) and Rio

Secco.
The basin of Mts. Mai (rising west of Rio Secco) feeds the springs of the Fosso Prepezzano

(springs known as Aretina and the Tornola group).
The groundwater of Mt. Telegrafo (Piscopo et al., 1993), beyond the limits we have indicated,

meets significant barriers to its eastward flow along the faults of Vallone dell’Oglio. The
groundwater appears as widespread springs along the course of the Capo di Fiume. However, the
main groundwater outlet is far away from the park, namely the springs known as S. Benedetto
and Acqua Fetente (180 m AMSL) about 6 km SW of the town of Montecorvino Rovella.

SW of the Fosso Prepezzano the thrust faults limit the Mts. Monna and Tobenna, whose
groundwater flows into the Fosso La Sordina channel.

2.1.3. Mt. Accellica 

The hydrogeological basin of Mt. Accellica also comprises the hills that stretch SE towards
Toppo della Faragna and the Acerno Plain (see below). Northwards, the basin is divided from that
of Mt. Terminio by the fault of the upper course of the River Calore. Along this tectonic
discontinuity, a difference in piezometric level of at least 100 metres between the water table in
the two neighbouring basins has been recorded (Piscopo et al., 2001).

Westwards, the hydrogeological boundary (separating this basin from that of Mt. Telegrafo,
see sub-paragraph 2.1.2) runs along the faults of the Vallone dell’Oglio. Moreover, within the
Toppo della Faragna, soundings detected the water table at above 530 m AMSL, hence not
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compatible with the groundwater of Mt. Telegrafo which has springs at 180 m AMSL. The
southern limit of the Mt. Accellica basin consists in the Montecorvino Rovella/Calabritto fault (at
times compressive) which ensures a clean hydraulic break with the Mt. Polveracchio basin
(Celico and Civita, 1976; Celico, 1978, 1983; Budetta and de Riso, 1982; Piscopo et al., 1993).
Lastly, to the west, the hydrogeological basin is bounded by the faults on the eastern edge of the
Acerno plain. 

The water infiltrating into the hydrogeological basin of Mt. Accellica feeds a perched water
table flowing towards some springs (Ferranti, 1993; Piscopo et al., 2001; Sciumanò and Genco,
2007), but most water ends up in the Acerno plain, in a main aquifer feeding:

- the Ausino, Ausinetto and Avella springs (global flow about 600 l/s; the right bank of the
Isca Serra);

- increases in flow along the above river (about 100 l/s);
- the Olevano spring (about 300 l/s; the right bank of the Tusciano, south of Acerno);
- considerable flow increases along the Tusciano channel (about 450 l/s; upstream of the

Olevano spring - this is currently being extracted). 

2.1.4. The Acerno Plain 

This depression (extending north and south of the River Tusciano) was once occupied by lake
Acerno. The area is currently filled with detritic, fluvial and lacustrine deposits. Sedimentation
began about 0.75 Ma, terminating in 0.35 Ma (Capaldi et al., 1988), and resulted in a global depth
of 100-150 metres. Study of pollen trapped in the lake sediments has led to the history of this
ancient lake being reconstructed, often characterised by warmer climate conditions than the
present day (interglacial period). In these deposits, the fossilized bones of Elephas antiquus, a
particularly widespread species during warm climate periods, were also found.  The emptying of
the lake was caused by the erosional deepening of the gorge which the River Tusciano carved in
the slopes of Mt. Raione, due mainly to the uplift of the massif with respect to the Sele River
plain.

The fluvial-lacustrine deposits of the depression rest on a carbonatic substrate (dolomites,
dolomitic limestones), identified on the basis of geophysical and stratigraphic data (Budetta and
de Riso, 1982), and consist, starting from the top, of:

- well welded breccias with dolomitic elements in a calcite matrix;
- andy silts with frequent, and at times wholly prevalent, levels of grey silts with a varved

structure and lignite bands;
- welded breccias (as above).
As stated above, the groundwater of the main aquifer of Mt. Accellica and neighbouring

mountains reaches the Acerno plain through various outlets. The Avella-Ausino-Ausinetto group
of springs lies along the Isca Serra valley between 565 and 570 m AMSL. Here, the dolomitic
substrate is relatively shallow (about 50 metres) and this enables the groundwater, which flows
under pressure, to open up a breach through the lacustrine deposits. The Olevano spring gushes
on the right bank of the Tusciano at 555 m AMSL at the foot of a high ridge formed by bands of
welded breccias of the fluvial-lacustrine deposits. The spring is a further outlet of the
groundwater that feeds the Avella-Ausino-Ausinetto group, also because along the River
Tusciano major faults make the southward groundwater flow difficult (Celico and Civita, 1976;
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Celico, 1978, 1983; Budetta and de Riso, 1982; Piscopo et al., 1993).
East of the Olevano spring, the Consorzio dell’Ausino ascertained the presence of significant

flow increases in the River Tusciano (about 400-450 l/s and in a partial exploitation phase)
stemming from the northern sector (thus connecting it to the main aquifer of Accellica) (de Riso,
1996, unpublished report).

2.2. Polveracchio-Raione

Only the southernmost parts of the Mt. Polveracchio basin do not fall within the boundaries
of the Monti Picentini Regional Park. The hydrogeological limits of Mt. Polveracchio are all
connected (Celico and Civita, 1976; Celico 1978, 1983; Celico et al., 1987) to faults. Along the
northern and north-eastern margin, the limit consists in an important fault between Acerno and

Table 1 - Main features of the hydrogeological sub-basins of Mt. Polveracchio. 

Hydrogeological sub-basin Notes

Mt. Calabritto
Supplies fairly small springs along the channel of the Rio
Zagarone

Mt. Antillo
The aquifer feeds Acquara-Ponticchio springs at the NW
margin at about 675 m AMSL (discharge about 175 l/s)

Mts. Magnone/Polveracchio

Supplies (to the SE) the Piceglie/Abazzata group (average
discharge 300 l/s distributed in an altitudinal belt between
480 and 520 m AMSL) and the Acqua Bianca springs (average
discharge 40 l/s – height 450 m AMSL). Farther from the
margin of the massif (to the SE) there is the S. Nicola group
(average discharge 190 l/s – 330 m AMSL) and still farther SE
the hot mineral springs of Contursi Bagni and the springs of
Contursi Terme (average discharge 600 l/s – height 60-110 m
AMSL) (Celico et al., 1979b)

Mt. S. Salvatore

The main aquifer, which is supplied by that of Mts.
Magnone/Polveracchio along the Vallone Trientale/Piano di
Montenero faults, feeds the springs of the Contursi Terme
group decidedly further away (in proximity of the River Sele)
and lower (60-110 m AMSL)

Mt. Raia

The aquifer of this basin feeds conspicuous springs (Acqua di
S. Pietro, Acqua di Oronzo, Calovedda – average total
discharge 100 l/s) distributed at variable elevations from 550
to 585 m AMSL

Mt. Calvo

Chiefly dolomitic, is bounded towards S (and at the base) by
rather impermeable calcareous-siliceous-marly sediments.
The main water table, maintained at high elevations by an
impermeable substrate at low depth, emerges Eastward at
the Rainosa group springs – average discharge 15 l/s and
height about 140 m AMSL). To the W, the aquifer drains
towards the River Tusciano, feeds some small springs in the
Astratto Valley (a few tens litres/s) and the Acqua Bona spring
(about 80 l/s at 450 m AMSL). This groundwater flowing in
opposing directions are caused by the groundwater divide
most likely resulting from local uplift of the impermeable
substrate.
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Calabritto: its buffering role is also confirmed by the fact that there are no groundwater outlets
along the Rio Zagarone (downstream of the town of Calabritto) which is the lowest point of
potential outlet of the main aquifers of Mts. Cervialto and Polveracchio. The Mt. Cervialto
groundwater emerges further north, close to Caposele, at about 420 m AMSL while, for Mt.
Polveracchio, the local groundwater outlet is at the Acquara-Ponticchio springs at about 675 m
AMSL. Along the eastern margin, in the upper valley of the River Sele, the boundary consists in
a tectonic thrusting front (Cocco et al., 1974; Celico and Civita, 1976; Perrone and Sgrosso,
1982; Pescatore, 1986). The Polveracchio groundwater reaches, through a carbonatic substrate
covered by terrigenous deposits, springs (Contursi Terme and Contursi Bagni springs outside the
park) situated a few kilometres away from the surveyed area. 

Along the western margin, the boundary is represented by the system of faults on which the
Tusciano River rests, separating Mt. Accellica from Mt. Polveracchio. Further south, the
Polveracchio basin is effectively buffered by fairly impermeable lithotypes of the Lagonegro
Units which outcrop in Campagna’s tectonic window (Scandone et al., 1967; Turco, 1976;
Ferranti and Pappone, 1992).

In the context of Mt. Polveracchio, several partly inter-communicating secondary
hydrogeological basins are identified, with different groundwater springs (Celico, 1978, 1983;
Celico et al., 1987) (Table 1).

As regards groundwater physical and chemical characteristics, the presence of a Ca-Mg
bicarbonate facies has been ascertained (Celico et al., 1979a; 1979b; 1979c; 1981), except for
some springs in Contursi Bagni (outside the park) which fall within the domain of calcium
sulphate waters. This difference in the chemistry, besides the water temperature, should be
correlated with the presence of various groundwater circuits in the main aquifer. The aquifer’s
more superficial flows lead to less mineralised water (group of Acquara-Ponticchio, Abbazzata,
etc; electrical conductivity of about 280 µS/cm), while the deeper groundwater circuits feed more
mineralised springs (Contursi Bagni; electrical conductivity reaching about 6,000 µS/cm). All the
more mineralised waters also have low O2 levels and high H2S and CO2 contents (1,300 mg/L),
whose origin is definitely inorganic (Panichi and Tongiorgi, 1975). The high sodium chloride
component in such waters is further confirmation of the presence of deep groundwater circuits.

The south-western foothills of the Mt. Raione/Olevano sul Tusciano hydrogeological basin fall
within the Picentini Park. Groundwater flows towards SW in the alluvial detritic deposits on the
Eboli plain.

2.3. Terminio-Tuoro
2.3.1. Mt. Terminio 

The Mt. Terminio and Tuoro massif chiefly consists of limestones and dolomites from the
Cretaceous, as well as Triassic-Jurassic dolomites. Within the massif, south of the town of
Volturara Irpina, layers of arenaceous-clayey-marly deposits occur, tectonically overlaid by
outcropping limestones (Civita, 1969). Similar sediments have also been found in boreholes both
along the southern margin of the Dragone Plain (Celico, 1988) and in the tectonic-karstic area of
the Verteglia Plain (Allocca, 2004).

Mt. Terminio-Tuoro is bounded (Civita, 1969; Celico, 1978, 1983) towards:
- north and NE by the tectonic thrust of limestones and dolomites on fairly impermeable
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sediments;
- SW by the fault (on which the River Sabato valley has developed) which leads to the

contact, below the valley’s alluvial deposits, between the carbonatic rocks and impermeable
clay sandstone deposits (Esposito et al., 2000); 

- south by tectonic contact between the chiefly limestone rocks of Mt. Terminio and the less
permeable dolomites of Mt. Accellica and by the raising of the substrate of the latter,
consisting of marly, siliceous and calcareous parts of the Lagonegro Units (Turco, 1976;
Ferranti and Pappone, 1992);

- east by the tectonic discontinuity marked by the course of the River Calore Irpino, as well
as contact with less permeable sediments.

The main springs are all outside the park’s territory (Table 2); within the massif there are
perched water tables with conspicuous flows, e.g.:  in the southern sector of the Dragone Plain
(Celico, 1981) and in the tectonic-karstic area of the plains of Verteglia, d’Ischia,
Campolaspierto, Acquenere, etc. (Calcaterra et al., 1994; Allocca, 2004).

Various factors affect the presence of these resources lying at higher altitudes than the main
aquifer: karstic phenomena (Calcaterra et al., 1994), the structure of the massif (Bellucci et al.,
1982; Celico, 1988) and the different degree of relative permeability which may be found within
the same carbonatic complex (Allocca, 2004).

As regards the groundwater circulation in the main aquifer, more than one groundwater basin
may be identified (Civita, 1969; Celico, 1978, 1983; Coppola and Pescatore, 1989; Coppola et
al., 1990) whose boundaries, albeit not acknowledged unequivocally, correspond to precise
tectonic alignments. First of all, the fault line bordering the southern sector of the endorheic basin
of the Dragone Plain, constitutes a structural element separating the carbonatic massif into two
distinct hydrogeological basins (Celico, 1978, 1983). Northwards, the main groundwater basin

Table 2 - Discharge data of the main springs of the Mt. Terminio (from Aquino et al., 2006); (*) including groundwater
discharge to the upper Calore River; (**) groundwater inflow from the Sabato river alluvial sediments.

Spring Elevation
(m AMSL)

Q (m3/s)

max med min

Scorzella Springs (*) 983÷800 - 0,36 -

Candraloni 1190 - 0,07 -

(**)

Acquaro 376
1,60 1,00 0,10

Pelosi 380

Urciuoli 330 1,70 1,30 1,0

Cassano Irpino Group

Bagno della Regina 478

4,80 2,5 1,7
Fontana del Prete 475

Peschiera 474

Pollentina 475

Sauceto Group
Sorbo Serpico 462

- 0,14÷0,20 -
Salza Irpina 486

Baiardo 446 0,48 0,25 -
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feeds the springs of Sorbo Serpico-Salza Irpina and Baiardo. In the southern sector, the complex
system of tectonic discontinuities, between Volturara Irpina and Mt. Accellica, separates the basin
feeding the Acquaro-Pelosi and Urcioli springs, to the west, from that of the Cassano Irpino
springs, to the east. What also contributes to supplying the Cassano Irpino springs is the
secondary infiltration water intercepted by the Dragone Plain (Celico and Russo, 1981; Celico et
al., 1982; Galasso et al., 1991; Aquino and Aquino, 2007). The basin of the Mt. Terminio feeds
the upper valley of the Sabato (to the west) and the plain north of the town of Montella
(eastwards) through groundwater inflows.

The groundwaters of Mt. Terminio-Tuoro are oligo-mineral with calcium bicarbonate
(Corniello, 1996; Aquino et al., 2001; Esposito, 2001; Romeo, 2005). There are contamination
risks for the Cassano Irpino springs due to their connection with the swallow-hole mentioned
above; the major well field of Volturara Irpina could also be at risk (Galasso et al., 1991) due to
the proximity of the swallow-hole.

In the panorama of the main springs, special mention should be made of the Baiardo spring
(NW of Cassano Irpino). It is not a natural outlet, but emerged inside a tunnel (Nicotera and
Aquino, 1995) built in the 1930s for the Società Meridionale del Sannio when, a substratum
consisting of calcareous rocks was intercepted at about 466 m AMSL; this substratum is
hydraulically connected to the Terminio-Tuoro massif and buried below the outcropping
flyschoid cover.

Finally, it is worth recalling that, during the earthquake on November 23, 1980, major
increases in spring flows were recorded at the springs of Cassano Irpino and Serino. This
phenomenon was also observed in many other springs on Campania’s carbonatic massifs (e.g.,
Sanità di Caposele) (Celico, 1981, 1983, Celico et al., 1981; Cotecchia and Salvemini, 1981;
Cotecchia et al., 1986, 1990; Celico and Mattia, 2002).

2.4. Cervialto 
2.4.1.  Mt. Cervialto 

Characterised by a carbonate succession, Mt. Cervialto constitutes a hydrological basin
sufficiently independent of the neighbouring massifs, and falls almost entirely within the park. It
is bounded (Celico and Civita, 1976; Celico, 1978, 1983) towards:

- NW, by contact with scarcely permeable sediments;
- NE, by tectonic overlay on fairly impermeable materials; 
- SW, by the raising of the rather fractured dolomitic substrate, which prevents any

connection between Mt. Cervialto and Mt. Accellica;
- SE, by the Acerno-Calabritto fault; at least in its NE part, it shows clear evidence of reverse

fault.
Groundwater flows from SW to NE. The aquifer’s only major outlet consists of the Sanità di

Caposele spring (Table 3) as well as surface water inflows (Tredogge spring).
The piezometric gradient is rather low, approximately 0.2-0.3%. The average altitude of the

water table in the massif varies between 450-500 m AMSL (Bellucci et al., 1983). The average
temperature of the Sanità spring water is 9-10 °C (Celico et al., 1979a, 1979b); hydraulic
conductivity is low (about 290 µS/cm) and the facies is of calcium bicarbonate. 

One of the best-studied karst systems of Mt. Cervialto is the one that connects the large
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endorheic basin of the Laceno Plain (with its homonymous lake) with the Bocca del Caliendo
resurgence (Bellucci et al., 1983; Giulivo, 2002). 

3. Aquifer pollution vulnerability

Intrinsic aquifer vulnerability of the Monti Picentini Regional Park was drawn up at a scale of
1:100,000, following zoning in homogeneous areas with the GNDCI-CNR method (Civita, 1990,
1994), and is reproduced on the left-hand side of the hydrogeological map (Plate 1).

In some areas of the Picentini Park (Mts. Avella-Partenio-Pizzo, Terminio-Tuoro Mountain)
aquifer vulnerability maps drawn up by different methods have already been published (Celico et
al., 1994, 1995; Celico and Piscopo, 1995; Aquino et al., 2006). These maps were not used in toto
due to problems of scale and lack of method homogeneity; nevertheless, their comparison with
the vulnerability map presented herein gave satisfactory results.

The GNDCI-CNR method (Civita, 1990, 1994), recognizes 20 hydrogeological standard
settings (e.g., karst aquifers, volcanic aquifers, alluvial aquifers with or without protection, etc.)
linked to 6 degrees of intrinsic vulnerability in the Mediterranean countries. The settings are
based on:

- hydrogeological features of the aquifer and the vadose zone;
- depth to groundwater;
- aquifer conductivity and type of groundwater flow.
These factors are not strictly quantified, but have to be identified for each representative site.

The 6 vulnerability degrees are reported in the legend of the map.
Evaluation of aquifer vulnerability concerns only the main aquifers and does not take into

account any poor shallow aquifers.
The aquifer vulnerability map shows that the less vulnerable areas are in Mts. Accellica-

Licinici-Mai and in Mts. Polveracchio-Raione, where low vulnerability is due to the widespread
presence of dolomitic rocks. In the rest of the park area, excluding a small sector with low
vulnerability due to the presence of impervious sediments, aquifer vulnerability is generally high,
very high or extremely high: most vulnerable areas correspond to Mts. Terminio and Cervialto,
where the very high conductivity of the limestone aquifers (severely fractured and karstified)
prevents the depuration, despite the high depth to water. Locally, the degree of vulnerability
decreases due the presence of less pervious sedimentary or pyroclastic deposits filling the karstic
polje.

The Solofrana and Sabato valleys are also highly vulnerable due to the presence of highly

Table 3 - Discharge data of the main springs of Mt. Cervialto (from Aquino et al., 2006).

Spring Elevation
(m AMSL)

Q (m3/s)

max max max

Sanità di Caposele 420 6.7 4.0 2.8

Tredogge 415 0.07

Tronola 1115 0.015
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permeable alluvial and talus sediments and to the low depth to the groundwater.

4. Groundwater resource evaluation 

Mean annual recharge of the Picentini Regional Park area was evaluated by deducting the
actual evapotranspiration rate and the runoff from the rainfall rate, following the procedures
indicated below.

4.1. Rainfall

Input data included mean monthly and annual precipitation data for the years 1980-1999 from
rain gauges in the park area or nearby (Hydrographic Service). The distribution of the 15 rain
gauges in the area is shown in Table 4 and in Fig. 2, which also shows the mean annual rainfall
for the period.

Rainfall distribution shows a spatially irregular distribution: the rainiest area is a sector of the

Fig. 2 - Raingauge stations (triangles) and mean annual rainfall (1980-1999). In red the park area.
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park, facing NW-SE, with a peak, in the Acerno area, of almost 1900 mm/year. Another high
rainfall area is Mt. Terminio with about 1500 mm/year. Lower precipitation occurs on the other
side of the Apennine watershed (towards east), where rainfall is below 1000 mm/year. Overall,
the correlation between precipitation and elevation is low; on the contrary, a linear relation was
found between rainfall and distance from the Tyrrhenian coast and a non-linear relation between
rainfall and the main watersheds.

All the weather stations reported marked seasonal cyclicity, with a unimodal distribution; the
rainy period occurs in December (in some cases November), while the dry period is in June and
July. For the rain gauge stations with a large and continuous data set (from 1951; Avellino,
Caposele, Giffoni Vallepiana, Salerno, and Torella dei Lombardi), the rainfall time-distribution
indicates a trend of decreasing rainfall, especially in the period 1980-1999.

Rainfall variability was observed by comparing the mean yearly map of the period 1951-1979
(Fig. 3) and that of the period 1980-1999 (Fig. 2); the comparison highlights a rainfall decrease
which is more evident in the western sector and at the foot of the mountains. However, the rainfall
decrease from 1951-1979 to 1980-1999 is evident because the total mean yearly rainfall value,
evaluated with GIS for the whole park area, ranged from 1467 mm/year to 1421 mm/ year, with
a decrease of 3% (about 30 Mm3/year). This decrease recorded since the 1980s is in line with the
region-wide decrease in Campania reported by Ducci and Tranfaglia (2008).

4.2. Evapotranspiration

To estimate the evapotranspiration the FAO Penman-Monteith (Allen et al., 1998) method was

Table 4 - Raingauge stations and mean annual rainfall (1980-1999).

Rain Gauge Station Elevation
m AMSL

X Y Yearly mean rainfall
mmUTM33 - ED50

Acerno 725 504783 4509853 1892,4

Avellino (Genio Civile) 383 481848 4529928 1041,9

Baronissi 220 480933 4511079 1158,4

Campagna 300 509108 4501994 1708,7

Caposele (Acquedotto Pugliese) 426 518693 4518571 1228,4

Contursi 97 519420 4500318 1045,1

Eboli 173 504862 4497088 982,5

Giffoni Vallepiana 198 495259 4507510 1273,5

Montella 500 503932 4522341 1475,5

Montemarano 821 499882 4529833 976,5

Salerno (Pastena) 30 482458 4501732 975,5

Senerchia 600 517167 4510149 1614,7

Serino (Pelosi Spring) 374 488739 4524292 1568,1

Serino (Urcioli Spring) 351 489017 4522379 1425,8

Torella dei Lombardi 652 509773 4532337 905,1
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considered. This method, used to estimate ET0, is given by

where ETo = reference evapotranspiration (mm day-1),
Rn = net radiation at the crop surface (MJ m -2 day -1),
G = soil heat flux density (MJ m -2 day -1), 
T = mean daily air temperature at 1.5 to 2.5 m height (°C),
u2 = wind speed at 2 m height, (m s -1),
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Fig. 3 - Mean annual rainfall (1951-1979). In red the park area.
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es = saturation vapour pressure at 1.5 to 2.5 m height (KPa),
ea = actual vapour pressure at 1.5 to 2.5 m height (KPa), 
es-ea = saturation vapour pressure deficit (KPa),
∆ = slope vapour pressure curve (KPa °C-1),
g = psychrometric constant (KPa °C -1).
Clearly, this method requires a significant amount of data including net radiation, air

temperature, wind speed and relative humidity. Hence the ET0 values published in Perini et al.
(2007) for the whole of Italy on a 8 km · 8 km cell grid were utilized, converting 10-day values
into monthly averages.

Crop Evapotranspiration (Etc) evaluates the differences in ET0 rates across seasons and regions
related to crops. The crop coefficient Kc multiplied by the reference ET value yields the crop ET:

ETc = Kc * ET0 .

The crop coefficients Kc used in this research for each crop and for every month were
established on the basis of the large number of crop coefficients reported in the FAO publication
(Allen et al., 1998). The existing crops were obtained from the Corine Land Cover (CLC) map
drawn up by the Monti Picentini Regional Park (http://www.parcoregionalemontipicentini.it/
web/monti/home). 

Calculated crop evapotranspiration ETc represents the potential evapotranspiration. Recharge
only occurs when monthly rainfall P>ETc and actual evapotranspiration ETa is equal to the ETc.

Table 5 - Recharge coefficients (CIP) assigned to the outcropping rocks, as defined in the hydrogeological map (see #
in Plate 1), and to the urbanized areas.

# Hydrogeological Units CIP
%

1 Alluvial Unit 70

2 Debris Unit 70

3 Pyroclastic unit 60

4 Conglomerate Unit 60

5 Clayey-marly-arenaceous Unit 40

6 Marly-calcareous-clayey Unit 30

7 Clayey Unit  20

8 Limestone Unit 90

9 Dolomitic Limestone Unit 80

10 Upper dolostone Unit 70

11 Marly – calcareous Unit 35

12 Lower dolostone Unit 70

13 Calcareous-siliceous-marly Unit 35

- Densely Urbanized Area 10

- Discontinuous Urbanized Area 20
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When P ≤ Etc, the whole amount of P will evapotranspire plus the available soil water in the
previous month. 

In order to assess the actual evapotranspiration rate a monthly hydrological balance of the soil
was performed using GIS. The depth of the soil undergoing evapotranspiration may be fixed at
H = 70 cm (field capacity), deriving from pedological characteristics, as evaluated in Perini et al.
(2004, 2007). In the moderate flow period (assumed to occur in March), the soil is saturated and
the height of the available water is equal to the field capacity.

Using the hydrological balance we evaluated the actual evapotranspiration, excess rainfall
(positive balance) for each month, when ETa > Etc, and the deficit storage (negative balance),
when the sum of the rainfall and the water available in the soil cannot satisfy crop
evapotranspiration requirements. The deficit occurs from June to August, while the excess in the
winter period. Due to the soil topography, in some months it is possible to have, at the same time,
excess in some sectors and deficit in other sectors of the Park. The resulting annual actual
evapotranspiration is 577 mm/year as against 1421 mm/year of rainfall.

4.3. Runoff and Recharge

The map of annual total flow (runoff + recharge) was obtained from the difference between
precipitation and actual evapotranspiration. This map almost coincides (differences less than 1%)
with the map obtained by summarizing the excess of every month. This is confirmation of the
reliability of the soil balance. 

Recharge was estimated as a percentage of the total flow as a function of the permeability of
the outcropping rocks. This recharge coefficient (CIP) ranges from 10–20 % in impervious rocks
to 90 % in karstified limestone, as shown in Table 5. Changes were made to the hydrogeological
map (Plate 1), adding the urbanized areas (extracted from the Corine Land Cover map), where
recharge is almost absent.

The recharge rate ranges between 85 and 1490 mm/year, with the highest values on the
carbonate mountains (see Table 6). These values are definitely lower than those determined for
previous years, especially for some groundwater bodies, like Mt. Terminio (Calcaterra et al.,
1994). Mean recharge in the period 1980-1999 for the whole park area is 775 mm/year,
corresponding to a total recharge of about 500 Mm3/year.

Despite their significance for the amount of groundwater resources in the Monti Picentini

Table 6 - Mean annual recharge for the period 1980-1999 (carbonate groundwater bodies as recognized in SOGESID,
2005).

CCarbonate Groundwater Bodies

Surface 
(in the Park area) Recharge

Km2 mm Mm3/y l/s

Polveracchio-Raione 93,8 909 85,3 2704

Accellica-Licinini-Mai 165,4 746 123,4 3914

Terminio-Tuoro 104,6 874 91,4 2900

Cervialto 117,9 1014 119,6 3793
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Regional Park, these values could be integrated with the underflow data of the adjacent aquifers
and verified on the basis of natural and anthropogenic outflow (pumping, spring flows, etc.).  

5. Conclusions

In the Monti Picentini Regional Park a lot of copious springs outflow: Acerno springs,
Caposele springs, Senerchia springs, etc.; some other springs, outflowing outside the park area,
have their recharge areas (or part of them) inside the park: Urciuoli/Pelosi springs, Cassano Irpino
springs and Quaglietta springs. 

The Hydrogeological Map of the Monti Picentini Regional Park, the Vulnerability Map and
the resource evaluation described in this paper represent a crucial tool for the protection and
management of the groundwater resource.

Peculiarly, in the park area, aquifer vulnerability to contamination is high, due to the very high
conductivity of the limestone (severely fractured and karstified);  the less vulnerable areas are
where dolomitic rocks outcrop.

The amount of groundwater resources in the Monti Picentini Regional Park is significant, but
definitely lower than those determined for previous years, especially for some groundwater
bodies: mean recharge in the period 1980-1999 for the whole park area is 775 mm/year,
corresponding to a total recharge of about 500 Mm3/year. These values could be verified on the
basis of natural and anthropogenic outflow (pumping, spring flows, etc.) and of the underflow
data to/from the adjacent aquifers. 
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