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Abstract 

The Euganean geothermal field (EGF) is the most important thermal field in the northern Italy. It is located in the Veneto 
alluvial plain, southwest of Padova (NE Italy), close to the northeast margin of the Euganei Hills. The aim of the PhD thesis is 
to review the hydrothermal model of the thermal system, using the new knowledge in structural geology and hydrogeology. 
The proposed hydrothermal model emphasises the role that one of the most important regional geological structure, i.e. the 
Schio–Vicenza fault system (SVFS), plays in the flow of thermal waters from the recharge area to the EGF area. In fact, the 
EGF is located along the SVFS, where the main segment changes its direction allowing a local extensional strain. The Schio-
Vicenza fault channelizes and enhances the quick uprising of the thermal waters in EGF, thanks to the local extensional 
regime caused by a transtensional relay zone linked to two different segment of the fault. The recharge area is located to the 
east of the Schio-Vicenza fault, in Tonezza and Sette Comuni plateau area, instead of to the west (Piccole Dolomiti area) like 
in the previous conceptual model.  

The SVFS architecture was reviewed using a collection of seismic lines and gravimetric maps, allowing a broad vision of 
the fault system. It extends from the Schio area to the Po delta and is composed mainly by three NE-dipping high angle faults 
(Schio-Vicenza fault, Conselve-Pomposa fault and Travettore-Codevigo fault) with a main NNW-SSE trend. The analysis of the 
seismic lines evidences also their polyphase activity, started during the Mesozoic to Paleogene extension and continued until 
present. A 3D model from five interpreted seismic lines was performed to obtain a broad vision of the subsurface geology near 
the Euganei Hills. A structural study was performed in the northern part of the fault system, giving evidence of a 
transtensional regime. 

A 5 meter high travertine hill (Montirone Hill-Abano Terme), affected by a network of fractures mainly WNW-ESE 
trending, in the EGF area is studied for the first time during the Ph.D. thesis using a multidisciplinary approach 
(sedimentology, structural geology, geochemistry, geophysics). The hill is classified as a travertine mound (because of its 
shape and the sedimentological study performed analysing about 20 thin sections of travertine) and the travertine has an age 
from 30±4 kY to 25±5 kY (dated using U/Th series isotopes). The presence of a travertine hill is an important constraint for the 
extensional regime that acts in the EGF area and supports the existence of a relay zone buried beneath the alluvial cover. 

Finally, a mathematical hydrothermal model of the EGF was developed, starting from the proposed conceptual model, 
using the software Hydrotherm (Kipp et al., 2008). Hydrotherm simulates thermal energy transport in three-dimensional, two-
phase, hydrothermal, ground-water flow systems. First of all, sets of simulations were performed to understand better the 
different type of boundary conditions to simulate the flow in the EGF area: the best results were obtained using a seepage face 
in the EGF area that could simulate the extensional regime, evidenced by structural study, enhancing the outflow of thermal 
waters. Simulations by the use of different rock-parameters (mainly permeability and thermal conductivity) were performed to 
understand how the permeability and thermal conductivity of the rocks could affect the temperature in the subsurface of the 
EGF. Topography-driven flow is retarded by low permeability of the main thermal aquifer and only small difference is 
depicted using different thermal conductivity.  
 

INTRODUCTION 

The Euganean Geothermal Field (EGF) is located in the Veneto alluvial plain, east of the Euganei 
Hills and southwest of Padova. The EGF extends on an area of about 36 Km2 and comprises the town of 
Abano Terme, Montegrotto Terme, Battaglia Terme and Galzignano Terme. At present about 250 wells 
are active and the total average flow rate of thermal fluids is about 17M m3/year. 

Physical and chemical parameters of the Euganean thermal waters were statistically analyzed by 
several authors: the temperature ranges from 60°C to 86°C, and their T.D.S. is 6 g/L with a primary 
presence of Cl and Na (70%) and secondary of SO4, Ca, Mg, HCO3, SiO2. 

3H and 14C measurements 
suggest a residence time greater than 60 years, probably a few thousand years. The analyses of the oxygen 
isotopes show that the thermal waters are of meteoric origin and infiltrate in an area up to 1500 m a.s.l. . 

In 1976, Piccoli et alii made a global study about the Euganei Hills and the EGF. This study 
delineated the geology of the Euganei Hills and also proposed a simple conceptual model of the 
hydrothermal circuit. The Euganean groundwaters are of meteoric origin and infiltrate at about 1500 m 
a.s.l. in the Fore - Alps. The waters reach a depth of ca. 3000 m and warm up by a normal geothermal 
gradient. The fracturing of the rocks allows the outflow near the Euganei Hills. 
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Other authors reviewed some aspects of the EGF, like the geochemistry (Gherardi, 2000) or the 
temperature of the thermal waters (Fabbri & Trevisani, 2005). 

The aim of my work is the review of the hydrothermal model of the EGF, using new techniques and 
new knowledge in hydrogeology and structural geology.  

 
THE SCHIO-VICENZA FAULT SYSTEM: THE STRUCTURAL STUDY 

The Euganei Hills together with Lessini Mountains and Berici Hills represent a foreland structural 
high separating the western from the eastern Southern Alps thrust belts. The Schio–Vicenza fault has a 
good morphological expression because it marks a sharp transition between the mountains (eastern 
Lessini Mountains, Berici and Euganei Hills) and the Veneto alluvial plain. Moreover, the alluvial plain is 
part of the foreland basin of the eastern Southern Alps and the fault accommodates the subsidence 
affecting its western sector. A compilation of published papers and unpublished reports highlight that the 
Schio–Vicenza fault is a system of NE dipping synthetic normal fault (SVFS) (Zampieri et al., 2009) and 
not a single fault as depicted in geological maps.  

A collection of seismic sections, provided by ENI exploration, was used to map the SVFS. More than 
10 wells permitted to calibrate the seismic interpretation and about 1000 Km of seismic lines were 
interpreted. Most of them were used to map the hanging wall cut-off of the faults of the Messinian 
unconformity. This marker was chosen because it marks the beginning of the flexural phase, related to the 
shortening of Southern Alps, that affected mainly the western part of the Veneto alluvial plain. Fantoni 
(2002) suggested that the Schio-Vicenza fault played an important role on the flexural accommodation 
during this phase. Moreover, available gravimetric data were compared to the results obtained by fault 
mapping: these data confirm the fault system architecture in the northern part and in the Euganei Hill 
area, but don't put enough constrains on the southern part because of the thick Quaternary alluvial cover.  

Some selected seismic sections, sub-orthogonal to the main faults, were chosen to obtain geological 
cross-sections through depth-conversion process. It was performed using GIS software that permits to 
have a more flexible tool to convert seismic sections in depth domain because the studied area is affected 
by a strong variation of the velocity of the horizons. 

The data confirm a complex buried fault system that extends northward from the Po delta to the Schio 
area forming a structural complexity with a block mosaic subsiding towards NE. Thanks to the fault 
mapping and gravimetric data, three different main faults were depicted: the Conselve-Pomposa fault 
(from the Po delta to the eastern area of the Euganei Hills; main azimuth direction: 147 ), the Travettore-
Codevigo fault (from the southern part of the Venice lagoon to Bassano area; main azimuth direction: 
144) and the Schio-Vicenza sensu stricto fault (from the northern part of the Euganei Hills to the Schio 
area; main azimuth direction: 138.5). In the cross sections, the faults dip towards NE at high-angle and 
show a vertical component with down-throw in its eastern side (hanging wall block). The fault system 
cumulative displacement decreases from the northwest (Schio area, where the fault crops out) to the 
southeast (Po delta). The main displacement occurred from Early to Middle Pliocene. 

The results confirm that the SVFS acted as a kinematic transfer of the Neogene shortening between 
the South Alpine front and the innermost Giudicarie front. In this context, the SVFS tract corresponding 
to the western border of the Venetian foredeep accommodated the subsidence induced by the foreland 
flexure with a prominent throw gradient increasing moving northwards. Moreover, a different 
displacement between the Messinian unconformity and the Paleogene horizons has been depicted. It 
confirms that the SVFS is an inherited extensional structure originated during the Paleogene, when the 
area was a forebulge of the southwest – vergent Dinaric thrust belt (Doglioni & Bosellini., 1987). 

A close inspection of the SVFS shows a left stepover structure (relay zone) between two distinct fault 
segments, just in coincidence with the thermal area. Given the Neogene to Quaternary sinistral strike-slip 
kinematics superimposed on the fault system, this structure have accommodated along-strike local 
extension and may be responsible for rock fracturing and permeability development, enhancing migration 
to surface of thermal waters. 
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A field structural geological study (Fig.1) has been performed in the northern part of the SVSF, where 
the fault is close to the relief (footwall of the Schio-Vicenza sensu stricto fault). The field work interests 
the Montegalda Hills and the eastern margin of the Lessini and Berici Hills. The data set consists in 
measurements of fault planes and related lineations. The analysis of the faults, performed using the Fisher 
distribution to detect different sets of planes, gives a complete Riedel-type scheme of secondary faults 
with the main fault trending NW-SE and a shortening axis mainly oriented E-W. The principal axes of 
infinitesimal strain from fault slip analysis, performed using the software Fault Kin (R.W. Allmendinger, 
R.A. Marrett & T. Cladouhos, Cornell Univ.), have mean trend/plunge: 4.7/5 for 1 (mean eigenvalue: 0.3; 
corresponding to the extension axis ), 32.3/84.8 for 2 (mean eigenvalue: 0.02; corresponding to the 
vertical axis), 271.3/16.3 for 3 (mean eigenvalue: 0.28; corresponding to the shortening axis). The 
shortening axis approximates the kinematic sigma 1 developed within a steep shear zone trending NW-SE 
and is consistent with a sinistral strike-slip activity of the Schio-Vicenza sensu stricto fault. 

 

FIG. 1: sketch of the field geological structural study performed at the eastern margin of the Lessini (1) and Berici 
Hills (2,3), to the North, and at the Montegalda Hills (4,5,6), to the South, comprising also the fissures of the 
Montirone Hills (7). The red lines represent the SVFS as mapped using the seismic sections. The stereoplots are the 
equal angle projection of strike-slip or transtensional faults. In the right part of the picture, the fault plane solution 
method is used to calculate the pseudo focal mechanism starting from the measured faults. The principal axes of 
infinitesimal strain from fault slip analysis are labelled “1” for extension and “3” for shortening. The shortening axis 
approximates the sigma 1 and trends mainly E-W. The beach balls show sinistral strike-slip or transtensional fault 
mechanism solutions. In the left part of the picture, the measured faults are analysed using the Fisher statistical 
distribution to highlight the different sets of plane. The method permits to obtain a complete Riedel-type scheme of 
secondary faults with the main fault trending NW-SE. The direction of the fissures of the Montirone Hill, measured 
each meter, is plotted in a rose diagram. The red arrow show the principal direction (N115) and the blue arrows the 
secondary ones (N 15 and N 135). The main trend is consistent with a tensional fracture developed within a realising 
stepover between the Schio-Vicenza sensu stricto fault and the Conselve-Pomposa fault. 
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3D MODEL OF THE SUBSURFACE SOUTH - EAST OF PADOVA 

Five seismic lines were used to construct a 3D model of the subsurface south–east of Padova (east of 
the Euganei Hills) at the northern termination of the Conselve–Pomposa fault. The 3D model was 
performed using gOcad, a software based on the discrete smooth interpolation (DSI) algorithm. In this 
part, the stratigraphic horizons recognized in the seismic sections were used as feature for the 
reconstruction of the stratigraphic boundaries as planes. 

The sections have a total length of 85 Km and cover an area of about 450 Km2. Three sections 
intersect the Conselve-Pomposa fault: the fault dip changes from 60° in the northern part (true dip 
calculated from apparent dip) to sub–vertical in the southern part. 

The studied sections present some aspects of an extensional deformation, probably linked to the 
Paleogene extension. In two seismic sections, five normal faults were recognized and interpreted as a 
conjugate convergent overlapping transfer zone (Morley et al., 1990), similar to those described in East 
African Rift System. This structure is characterized by two sub-parallel normal faults dipping in different 
direction, which tips pass each other. Two traces of faults of the transfer zone cut the intra-Quaternary 
unconformity, showing a recent activity of these faults (after 0.5 Ma). 

The 3D modelling gives the same evidences of the sections but it permits to have a better visualization 
of the results. 

 
MONTIRONE HILL 

An important geological structural constraint on the architecture and structural style of the SVFS 
inside the EGF is the presence of the Montirone Hill. Montirone is a travertine-made hill (max. height 
15.75 m a.s.l.) located in Abano Terme and it was studied during the Ph.D. thesis for the first time using a 
multidisciplinary approach (structural geology, sedimentology, geochemistry, geophysics). The hill 
represented the only natural occurrence of thermal waters in Abano until the 1960s and the natural 
occurrence of the thermal waters has been well known since the Roman period. The hot waters fed 
several pools, located on the flat top and at the base of the ridge, and were also partially channelized to 
move a mill-wheel (Vandelli, 1761). The intense exploitation of thermal waters, linked to the increasing 
number of thermal wells, lowered the potentiometric level from more than 16 m a.s.l. to -15 m a.s.l. (year 
1982; at present is about 5 m a.s.l.) and dried up the hot springs. At present, the travertine hill is used as a 
public park. The hill has a sub-circular shape, covers an area of 10000 m2 and can be classified as a 
regular shaped travertine mound (Pentecost, 2005). Similar structures have been studied in tectonically 
active regions of Turkey (Anatolia), Greece (Euboea island), the USA (California) and Italy (Tuscany), 
showing typical features and providing significant information about stress orientation during travertine 
deposition (e.g. Hancock et alii, 1999; Brogi et alii, 2009). 

The mound is affected by a network of fractures mainly composed of two sets (WNW-ESE and NNE-
SSW) that can be interpreted as a fracture mesh developed in a dilational stepover between strike-slip or 
transtensional fault segments of the SVFS. The main direction (N 115) represents the main facture in the 
fault/fracture mesh model and is affected by an extensional regime that opens the fracture. Two other sets 
of fractures (N 15 and N 135) represent the secondary shear fractures of the model and are affected by a 
transtensional regime. The trend of fissures parallels the main trend of the SVFS and is consistent with 
the direction of the anisotropy depicted in the variogram analysis of transmissivity calculated in the 
bedrock of EGF (N110°E; Fabbri, 1997). The width of the main fissure decreases towards the tips, where 
the fissure becomes about 5 cm wide (versus 80 cm in the middle part). 

Two drillings (about 1m deep) were made to study the depositional facies of the travertine because of 
the absence of relevant vertical out-crops. Thin sections of the core samples show the dominance of 
layered travertine made of lime-mudstone with paper-thin rafts and laminae of bacterial shrub, locally 
covered by crystalline crusts made of feather-like calcite. These facies are typical of a mound 
characterized by an “hot spot” (like thermal pools; lime-mudstone travertine facies) on the top and a 
lateral gently slope (crystalline crust facies). This reconstruction is consistent with the present and 
historical setting of the mound, confirming a long-term outflow scheme of the area. Moreover, soft 
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sediment syndepositional deformations and repeated phases of karstic dissolution and redeposition have 
been observed. 

Isotopic analyses on O, C and U-series were carried out on crystalline crusts sampled by drillings. The 
U/Th analyses give ages from 30±4 kY to 25±5 kY. Moreover, the low content of U (from 3 to 12 ppb) 
and the high activity ratio of 234U/238U (>2) confirm the high interaction between rock and water, typical 
of a deep geothermal system. The δ

18O ranges from -16.15‰ V-PDB to -17.40‰ V-PDB and the δ13C 
from 0.45‰ V-PDB to 1.6‰ V-PDB. These data are according with the typical isotopic content of 
thermo-meteogene travertine (from -11 ‰ V-PDB to -3 ‰ V-PDB for δ18O , from -8‰ V-PDB to 3‰ V-
PDB for δ13C). Moreover, the δ18O permits to reconstruct the paleo-temperature of the water that 
deposited the travertine, using the isotope fractionation temperature equation for calcite-water (O'Neil, 
Clayton and Mayeda). Starting from the δ

18O of travertine and water, the obtained paleo-temperature 
ranges from 45°C to 53°C. The more reliable temperature is probably the higher one because it is 
obtained using the δ18O of lime-mudstone travertine samples that are affected by a less disequilibrium 
during the deposition of calcite than the crystalline crust travertine samples (affected by a higher 
disequilibrium related to the stream of the thermal waters along the slope). However, according with Kele 
(2011), a disequilibrium during deposition of travertine occurs because of a high rate of CO2 degassing 
with rapid precipitation of carbonate. He demonstrated experimentally that 8 - 9°C have to be added to 
the calculated temperature to obtain the real one. Historical temperature data on the thermal pools 
(Mandruzzato, 1789) range from 57.5°C to 67.5°C, quite similar with the calculated paleo-temperature of 
61-62°C (53°C+8 – 9°C). 

Geophysical methods, and particularly Electromagnetic survey (EM) and Electrical Resistivity 
Tomography (ERT) were used to determine the mound geometry in the subsurface. The map of EM 
measurements (depth of investigation around 1.5m) shows the presence of two resistive areas along the 
slope and a conductive region on the top of the mound. The latter can be interpreted as indicative of the 
uprising of thermal waters through a more fractured zone. ERT surveys confirm the vertical extent of the 
conductive and resistive anomalies, supporting the interpretation above. Moreover, ERT surveys show 
also a conductive area below the resistive one in the middle part of the mound. This anomaly has a 
“mound-shape” and, as the previous one, can be interpreted as high–water content zone linked to a higher 
porosity of the lime-mudstone travertine facies. 

The presence of the Montirone travertine deposit strongly supports the existence of a releasing 
structure in the subsurface, which controls the development of the EGF, and an ongoing activity of the 
SVFS, which is generally considered inactive. The analysis on U-series isotopes and on the stable 
isotopes gives another important constraint on the deep circulation and a long residence time of thermal 
waters. 
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A NEW CONCEPUTAL MODEL OF THE EUGANEAN HYDROTHERM CIRCUIT 

The new knowledge in structural geology highlights the important role that faults play in the 
development of a hydrothermal circuit. Curewitz & Karson (1997) propose that hydrothermal outflow 
occurs most commonly at the terminations of individual faults and where multiple faults interact. 
Moreover the link between hydrothermal outflow and strike-slip tectonics has been recently demonstrated 
for example in the western Alps (Baietto et al., 2008). 

The previous model of the Euganean hydrothermal circuit (Piccoli et alii, 1976) located the recharge 
area of the thermal circuit in the Piccole Dolomiti area (max altitude 2259 m a.s.l; mean altitude 2000 m 
a.s.l.). The meteoric waters infiltrate and flow in an Upper Triassic carbonate reservoir, uplifted in the 
footwall of a normal fault under the Piccole Dolomiti area (as shown in the cross section proposed by 
Piccoli). They warm up by a normal geothermal gradient and then rise quickly in the EGF area, thanks to 
the high fracturing of the rocks. In fact, due to a misunderstanding of the structural setting (the uplifted 
block is the hanging wall of a south-verging thrust, as shown in the section 3 of the Geological Map of 
Veneto (Antonelli, 1990)) and the use of an idealised (wrong) cross section, this model cannot work. 
Moreover, the thrust uplifts in the hanging wall the pre-Permian crystalline basement that crops out 
downstream from the Piccole Dolomiti. The low permeable crystalline rocks of the basement 
hydrogeologically isolate the recharge area from the outflow parts of the thermal circuit. 

Because of this wrong hydrothermal circuit model, the Euganean hydrothermal circuit is reviewed 
starting from the lower part and a new conceptual model is proposed (Fig. 2a). The seismic data and the 
new knowledge in the architecture of the SVFS were used as a starting point.  

The thermal circuit is located to the east of the SVFS instead of to the west like in the previous model. 
The transtensional relay zone, linked to the SVFS, causes a local extensional regime in the EGF area: this 
regime enhances the rock fracturing and the permeability development, increasing the migration to 
surface of thermal waters. The middle part of the main segment of the Schio-Vicenza fault acts as a 
conduit for the hot waters thanks to higher permeability of the damage zone (Caine et al., 1996). Moving 
to the north from the EGF, one can find an area where crops out largely the Mesozoic carbonate 
formations that are the main thermal aquifer. This area comprises the reliefs (i.e., Novegno, Summano, 
Pasubio, Verena, etc. ) facing the Sette Comuni and Tonezza plateau  and it is also the recharge zone of 
the proposed conceptual model of the Euganean hydrothermal circuit. The altitude (from 1000 m to 2239 
m a.s.l.) is according with the oxygen - isotopic composition of the thermal waters. The waters infiltrate 
thanks to the high secondary permeability of the outcropping rocks and flow to the south in the carbonate 
reservoir (composed mainly by the Dolomia Principale formation), reach a depth of about 3000 m and 
warm up by a normal geothermal gradient. 

The cross section of the thermal circuit is constructed using the stratigraphy of deep wells (Villaverla 
1 and Vicenza 1 in the northern part, Due Torri in Abano) and a composition of seismic sections and 
geophysical data. 

 
NUMERICAL MODELLING  

The conceptual hydrothermal model is used as starting point for numerical simulation of the 
hydrothermal system. The aim of this part of the Ph.D. project is to have a "numerical support" on the 
idea highlighted by the conceptual model and to evaluate how different parameters (i.e., different type of 
boundary conditions, permeability and thermal conductivity of the rock units, residence time) could 
influence the temperature in the subsurface of the EGF. The numerical modelling was performed using 
the HYDROTHERM software. It simulates thermal energy transport in three-dimensional, two-phase, 
hydrothermal, ground-water flow systems. The governing partial differential equations, which are solved 
numerically, are (1) the water-component flow equation, and (2) the thermal-energy transport equation. 
Finite-difference techniques are used for the spatial and temporal discretization of the equations. 

A 82-Km long and 5-Km deep cross section was performed composed by 9 layers. The simulation 
was divided essentially in two simulation period: a first period of varying time-length in which the water 
flow was only topographically-driven and affected by the boundary condition in the EGF; a second period 
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of 100 years in which the flow in EGF was affected by the pumping wells (total average flow rate: 17M 
m3/year).  

A first set of simulations was performed to understand how works the software and how different 
parameters can control the time steps during the simulations. In this part of the work, the higher value of 
permeability and thermal conductivity of rock units were used. The factor that affects mostly the results is 
the maximum factor for increasing time step: a high value permits to have quick simulations, because of a 
more rapid increasing of the time steps length, but causes a rapid change in pressure and temperature 
aborting the simulation. The used value of maximum factor for increasing time step is 1.2-1.3, because 
this value permits to have quite quick simulations and good stability of the obtained solutions. 

A second set of simulations was performed to understand which is the best boundary conditions to 
simulate the topographically-driven flow during the first simulation period and the pumping-well flow 
during the second one. The values of permeability and thermal conductivity of rock units were the mean 
of values used in literature. The horizontal and vertical permeability was the same in this phase, 
permitting to have quick simulation (about 2700-2900 time steps). The selected boundary conditions 
were: a precipitation boundary of 260 mm/y (this is the unbalanced value of precipitation in the water 
mass-balance of the Sette Comuni plateau) for the upper part of the model; a seepage-face, that permits an 
outflow of groundwater at the land surface along which atmospheric pressure exists, in the EGF area; a 
basal heat flux of 0.055 W/m2 according to Pasquale (1990) at the lower boundary and supposing a 
constant value of heat flux; a constant value of the initial conditions at the upper, the right and left part of 
the model. In the second simulation period, the pumping wells were simulated using two point source 
with a outflow rate of 8.5*109 Kg/y. The simulation time was 5100 years (5000 years for the first 
simulation period+100 years for the second simulation period; Fig. 2b). The obtained temperature in the 
subsurface of the EGF ranges from 61°C to 65°C in the main thermal aquifer (Fig. 2c; pink lines 
representing the observation point in the upper Trias dolomite formations). This configuration was used 
also to make a sensitivity analysis to understand how different values of permeability and thermal 
conductivity of the rock units could affect the temperature in the subsurface of the EGF. The simulations 
highlight an important role of: the thermal conductivity of the rocks below the main thermal aquifer 
(causing a variation of about 10°C in the thermal aquifer), the thermal conductivity of the thermal aquifer 
(causing a variation of about 5°C-8°C) and the permeability of the thermal aquifer (high value of 
permeability causes a decreasing of 20°C in the thermal aquifer because of a higher water flux and a 
quicker reaching of homogeneous temperature in the EGF). The second set of simulations is mostly 
affected by the rough simplification that the horizontal and vertical permeability is the same: this causes 
the formation of convective cell in all the thermal model that influence the water flux from the recharge 
area to the discharge one (Fig.2b). 

Because of this, a third set of simulations was performed: in this set of simulation, the vertical 
permeability was one order of magnitude less than the horizontal one. The low vertical permeability 
reduced partially the vertical effect of the convective cell in the middle part of the model but also caused a 
considerable decreasing of the water flow in the EGF area and stopped the changing of temperature in the 
thermal aquifer. As suggested by Hurtwiz (2003), a long-term simulation is necessary to obtain quasi-
steady solutions. This kind of results was obtained setting a first simulation period of 50000 years before 
the 5100 of the previous one, causing obviously an increasing of time steps required to complete all the 
simulation periods (about 3500-3800 time steps required). The long-term simulation idea is also 
supported by the dating of the Montirone Hill travertine that clearly highlights a long activity of the 
thermal system. A steady temperature of the thermal aquifer was obtained at about 35000-40000 years 
from the beginning of simulation and ranges from 55°C to 63°C similar to the previous one but lower 
than the real one of about 80°C-100°C. This phase is still in progress and different hypothesis on 
boundary condition (a smaller area affected by the seepage-face, a higher value of the basal heat flux 
according to recent studies, a higher value of precipitation in the recharge area), different value of thermal 
conductivity and permeability (according to the results obtained during the first sensitivity analysis) will 
be tested. 
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In conclusion, a good result is obtained by the numerical modelling. This model is obviously affected 
by a lot of simplification (i.e., the effect of faults and volcanic bodies in the subsurface of the EGF were 
not considered, the influence of the damage zone of the SVFS during the flow, the use of a 2D model 
instead of a 3D model that probably could simulate better a big thermal circuit) but permits to improve 
the conceptual model and to understand how different parameters or different configuration of boundary 
conditions could affect the temperature in the thermal aquifer. 

 

 
MONITORING OF WELLS IN EGF 

The numerical modelling permits to have a broad vision of the hydrothermal circuit but, because of 
the rough simplification imposed, don’t permit to model clearly the real thermal water circulation inside 
the EGF. An important constraint of temperature and potentiometric level of the thermal aquifers in EGF 
area is given by the monitoring of wells inside and outside the EGF. I continue the monitoring of six 
wells inside the EGF and one outside it. These wells are: Rigati 2, Barillari 2, Molino 7, Fonte Colli 
Euganei 1, Mezzavia 2, Moro 1 (inside the EGF) and Villaverla (outside the EGF). These wells have been 
monitored since 1975 and maintain a good continuity in time series. All the wells inside the EGF show a 
regime with two maxima and two minima periods. The maxima occur in the periods of low groundwater 
exploitation, while the minima correspond to the periods of intense exploitation. Only the well Moro 1 
doesn’t show this particular regime because it is far from exploitation wells. The wells Rigati 2, Barillari 
2 and Molino 7 are located in Abano’s area. The potentiometric level of wells Barillari 2 and Molino 7 
has experienced a gradual rise since 1980 with a sharp increasing in 1992-93, instead the potentiometric 
level of well Molino 7 has maintained steady in the years but the range from minimum to maximum 
increases in the last years. The wells Fonte Colli Euganei and Mezzavia 2 are located in Montegrotto’s 
area. The potentiometric level of Fonte Colli Euganei shows a smooth downtrend, instead the 
potentiometric level of Mezzavia 2 is quite steady during the years. The well Moro 1 is located in 
Galzignano area and its potentiometric level doesn’t show the particular regime of the other wells 
maintaining quite steady. 

FIG.2: a) proposed conceptual model of the 
Euganean hydrothermal circuit; b) numerical 
simulation of the Euganean hydrothermal circuit 
(second set of simulations) at the end of simulated 
5100 years; one can see the convective cells that 
affect this set of simulations, highlighted by the 
arrows that correspond to the volumetric flux 
calculated by the software; c) temperature 
modelled in the EGF at the base of different rock 
units (same simulation above) 

a) 

b) 

c) 
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