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cEF QUESTIONS
Why is there terrestrial heat g~

e

Why was the Euganean area so Iuckyz
&

What knowledge our conceptual 2,
model is based on ® .

Can we model numerically our
conceptual model

.l
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is the Earth’s interior heat - HoT WATERS

Volcanos
Thermal springs
Fumaroles . s ,
Geysers Thermal water
Peculiar
Renewable energy
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the bottom mantle temperature is estimated of about 4000°C.
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2 areas with different . U’ =
heat flux

1) low - northern and
southern (Alps, Appennines;
Adriatic and Jonic areas) 7 _/
20 - 80 mW/m?

ATALY

2) high - Western and
Tyrrhenian
100 - 450 mW/m?

Middle
(100+150 mW/m?)
In Sicily channel and
Sardinia

World average - 60 mW/m?




GEOTHERMAL ENERGY
UTILISATION

INDIRECT USES

High-temperature resources generally used
to produce electric power

DIRECT USES

Low-middle temperature resources, different uses
Industrial processes
- greenhouses
- farming
- aquicolture
- space heating

-salus per aguam (spa)

mud-balneotherapy
income of 300 M €/y in EuGF




= COMPONENTS OF A
GEOTHERMAL SYSTEM

- Recharge area - area of the
reservoir recharge

» Geothermal reservoir = permeable’
rocks hosting hot fluids

e Heat source

-~
w w 2y
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Anomalous geothermal flux (magma),
reservoir would be geologically shallow

(e.g. Larderello > 600 mwim?)
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. % Euganean Geothermal System
CONCEPTUAL MODEL

Legend [ Early Permian - Middle Triassic
[ ] Pliocene - Pleistocene B pre - Permian = > Precipitation
[ ] Early Cretaceous - Miocene L High angle fault ==>> Principal fluid flow
[ ] Late Triassic - Early Cretaceous | 4= Thrust fault = Secondary fluid flow

A _/ Geothermal \_
Geothermal Flux

Flux 80-70 mW/m?
90-100 mMW/m?




Quaternary

Eocene - Miocene

Upper Triassic

Middle — Lower Triassic
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Spatial distribution of temperature in the
low-temperature geothermal Euganean field (NE
Italy): a sumulated annealing approach
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Monitoring, utilization and sustainable development of a low-temperature @CrossMark
geothermal resource: A case study of the Euganean Geothermal Field (NE,
Italy)

Paolo Fabbri®®, Marco Pola®"*, Leonardo Piccinini®”, Dario Zampieri®®, Aldo Roghel",
Nico Dalla Libera™
* Department of Geosciences, Universitd degli Studi di Padova, Ttaly

b Geothermal System Hydrostructures (GSH), Interdepartmental Centre “Giorgio Levi Cases” for Energy Economics and Technology, Universita degli Studi di Padova, Ttaly
“ Gestione Unica del Bacino Idrominerario Omogeneo dei Colli Euganei (B.LO.C.E), Via Pietro dAbano, 18, 35031 Abano Terme, Padova, Ttaly

MONTIRONE - Sorgenti principali delle Ternie ABANO
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HYDRO-
GEOCHEMISTRY
(1804)
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% HYDROGEOCHEMITRY OF
THERMAL WATERS

* /0% Na e CI
* High values SO,, HCO,; Ca e Mg, SIO,

 Abano fluids temperature between 75°< T <87° C
and T.D.S. between 3000 < T.D.S. <6000 mg/L;

 Montegrotto fluids temperature between 70°< T <
80° C, T.D.S. between 2000 < T.D.S.<4000 mg/L;

- Battaglia-Galzignano fluids temperature between
60°< T< 75° C, T.D.S. between 1500 < T.D.S.< 3000
mg/L
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Si0O, ~90-100 °C
Na-K
Na-K-Ca ~ 130-150°C






GAS GEOCHEMISTRY

* N, ranging between 70% and 90%
* High value of He
* Ar In atmospheric percentage
* Some hydrocarbon (CHa4, C2He)

* Low value of H,
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5 ISOTOPIC GEOCHEMISTRY
« RADIOISOTOPES

« 3H analysis suggest residence time of waters more
than 60 years

i~

« Some “C analysis suggest fluids with some thousand
years. But there are some problems due to the
presence of imestones in reservoir

« Modest concentration in U and high ratios of 224U/238U
In travertine, indicating a deep circulation of fluids and
their high residence time into the reservolir



remm CONCEPTUAL MODEL IN A

NUTSHELL IS BASED O
e GGeo-structural situation

- Thickness of sedimentary cover
. Geothermometers %
. .~ .. = Volcanic rock age (K/ar)
@@@ « Stable isotopes
- 7777+ Recharge volumes Il g

» Permeability of rechearge area
* Radioisotopes
- © « Hydrochemical stability of fluids

Eombe wulcaniche:
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RESEARCH ARTICLE  Fault Control on a Thermal Anomaly: Conceptual and
(010281201901 739% Numerical Modeling of a Low-Temperature
Key Paints: Geothermal System in the Southern Alps

« Fracturing related to local extension
by fault interaction in a convergent Foreland Basin (NE Italy)
regional setting controls fluid flow
in a geothermal system

SR . Marco Pola' (), Mauro Cacace? (), Paolo Fabbri>* (), Leonardo Piccinini** (),
« Numerical simulations corroborate

. . .34 1 3

the impact of structural process Dario Zampieri , and Filippo Torresan

driving a local increase in

convection and the rising of thermal Croatian Geological Survey, Zagreb, Croatia, “Helmholtz Centre Potsdam, GFZ German Research Centre for

waters Geosciences, Telegrafenberg, Potsdam, Germany, *Department of Geosciences, Universita degli Studi di Padova, Padova,

+ Convection enhanced by fracturing
can result in temperature values
profitable for energy production in
low-temperature geothermal

Italy, 4Geothermal System Hydrostructures (GSH), Interdepartmental Centre “Giorgio Levi Cases” for Energy Economics
and Technology, Universita degli Studi di Padova, Padova, Ttaly

Environ Geochem Health ’.)
https://doi.org/10.1007/s10653-021-01028-4 CJ;J%"; Jor

naEESECOND 3D MODEL 2022

Numerical modeling as a tool for evaluating the renewability
of geothermal resources: the case study of the Euganean
Geothermal System (NE Italy)

Filippo Torresan (® - Leonardo Piccinini () - Mauro Cacace () - Marco Pola® -
Dario Zampieri( - Paolo Fabbri
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- Lower Cretaceous - Eocene (LCE)

B Permian - Middle Triassic (PMT)

I Pre-Permian (PP)
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