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Geothermal exploration and exploitation in Italy.....since 1904
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Le risorse geotermiche a media ed alta entalpia
nella Sicilia Orientale, Paterno’| CT | 3 maggio 2013

INGV

Geothermal Projects of INGV

SIMPAS: monitoring of gas emission from geothermal
power plants, POR CREO FESR 2007-2013 (ended in April 2012)

GEISER: Geothermal Engineering Integrating
Mitigation of Induced Seismicity in Reservoirs
FP7-ENERGY-2009-1 (June 2013)

Exploitation permissions for twoe SMWe pilot plant (ongoing)
(ISCHIA ISLAND: “Forio™ and CAMPI FLEGERI “Scarfoglio”
INGV-TADDEI and Geoelectric Companies agreement)

CEDDP: Campi Elegrel Deep Drilling Project
(first phase concluded in December 2012)

STARIF (tri-generation power plant -western sector off Naples)
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New Estimates of Capacity for Italy (ltalian
Technological Alllance, 2011)
More than § GWe
corresponding to more than 10% of
electrical needings for Italy

>17
GWt thermal, >1.7 GWe electric, about 30%
of total (Carlino et al., 2012)



Campania Plain

g=80-160mWm-2
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(AGIP, 1987; Corrado et al., 1998; Della Vedova et al., 2001)




A numbers of geothermal data are inferred from
to geothermal researches in Campania:
177 wells drilled (max depth 3046m) (AGIP, 1987)

Geothermal exploration at
Campi Flegrei and Ischia

Campi Flegrei, from Penta 1949; Ischia, from Penta, 1949
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90 wells at Ischia Island = °*P7%%°™
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1 well at Vesuvius Well depth
2072 m

This is the only
well of Campanian
volcanic area where

the carbonatic rocks
were encountered
(Brocchini et al., 2001)

4 km 30° Ckm-
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European Geosciences Union, General Assembly 2013
Vienna | Austria | 07 — 12 April 2013

Data from AGIP-ENEL (1987) during productive tests
(Campi Flegrei)

Temperature at well head: min 150° C, max 250° C;
Average flow rate: 55kgs’;

Specific heat of geothermal fluid: 3kJkg-1K-1 (T=180° C);
Density: 1.08kgl-' (con T=180° C);

Salinity: 30.000 TDS (ppm )in the reservoir (T=247° C, depth500-900m);
Vapor phase: 30-40%;
Not condensable gases <2% weight;

Well head pressure: 8bar.




Ischia Temperature ("C)
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(one-dimensional solution)

C -V
T =T —(T, ~T,) exp| 2277

(one-dimensional solution in a porous media)

Q = heat content, 6-10"2Jmr?

k = thermal diffusivity, 1mmZ2s-

_ A = thermal conductivity, 3.356 Wm° C-*

jschia deep wells p = rocks density (average), 2300Kgm-
Ped7 or = fluids density, 1000kgm-3
Pcds ¢ =magma specific heat, 1kJkg 'K
IFvZ c; =fluids specific heat, 4.815 Jkg'
e e Tr = geoth reservoir temperature, 140-180° C
Conductive curve t=33ky To = surface temperature, 60° C

t=time, 33ky

y =depth, down to 900 m

v = Darcy velocity porous media, 6.7-108ms
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Exploitation permissions
ISCHIA ISLAND “Forio” and CAMPI FLEGREI
“Scarfoglio” (SMW: Pilot Power Plants)

Approvea: ink the  1irst phase: o evaltation: by
MISE (Department o EcConemIc [Developrent)
Wallingier Envirenmentallnipact ASSeSShient
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SMW geothermal power plant

Ischia Island
West
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Ischia Island: sustainability of geothermal resource

Simulation (TOUGH CODE) of DT and DP for these conditions:
-finite volume resolution of Mass and Energy balance equation;
-convective flow in a porous media (Darcy law);

-conduction is also considered;

-withdrawal of 80tonh ! of fluid at temperature of 150° C (5MWe);
-600' m deep borehole (convective fluids zone);

-30 years off exploitation;
-volume=18km?;

—p=2400kgm:=;
=Satlrated tWwo phased
(MIXtUrEVapors - Water)
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8 Tage lang machten :

Angela Merkel (54)

und Joachim Sauer (6 () / -
bei rund () Grad Osterurlaub in der Maronti-Bucht. Scit mehr als
10 Jahren reist das Paar im Frithjahr auf die Insel im Golf von Neapel.

Ischia st 37 Kilometer von Neapel entfernt. Die Autofihre braucht
90 Minuten, das Tragfliichenboot 49 Die Inselist 10 Kilometer lang
und 7 Kilometer breit und hat 62 000 Finwohner. An diesem
Wochenende wird die Kanzlerin wieder in Deutschland erwartet -

ihr Mann feiert heute seinen () Geburtstag.
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INGV

DT after 30 years around the productive well (3D)

Productive well
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INGV

DT after 30 years around the productive and
reinjection wells

-1 QOO Reinjection well 0 Pr;')ductive well 1 000
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INGV

DP (bar) after 30 years around both the productive
and reinjection wells

Reinjection well Productive well




Campi Flegrei Deep Drilling Project (CFDDP) and themes of
the ICDP International Continental Scientific Drilling Program
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The Campi Flegrei volcanic area

deep) concluded in
December 2012

Ischia
(150K B.P —1302A.D.)

X
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CFDDP drilling
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Measured temperatures
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Leak-off Test
for estimation
of in-situ
permeability
and minimum
principal stress

Rig

Lock of BOP

Casing 18"@ m 8

Casing 13 38" @@ m 30

Casing 958" @ m 219.44

Casing 7@ m 422 58

Liner 7"@ m 501
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Leak-off Test for estimation of in-situ permeability
and minimum principal stress
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Leak-off Test for estimation of in-situ permeability
and minimum principal stress

Step 1 Step 2 Step 3
P, P, h, h, t,-t AP, P, P, h, h, t,-t, AP, , P, P, h, h, t,-t AP ¢
8.9 6.3 90 63 15 2.6 12.8 4.7 120.8 40.7 45 8 18.3 8.3 183 83 60 10

Step K (m/s) k (m?) Ak (m?)
1 4.3 *10 ¢ 4.3 *10 13 +0.1 *10 13
2 4 *10-6 it =0 ==

3 2 %10 2 %1013 +5 %10 13
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Next Steps:

Environmental Impact Assessment for power
plants at Ischia and Campi Flegreli (final approval
of MISE);

Deep drilling CFDDP (3.5 km) rocks and fluids
parameters evaluation for deeper geothermal
system;

Evaluation of best models of geothermal
exploitation of highly urbanized contest
(sustainability and environmental impact).
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Temperatures and heat transport
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Ischia Flegrei Vesuvius
high heat flow area . lovwr heat flows

rgeh = arge b hertna weak hydrothermal
circulation i . )
cirztlation circulation
T=200°C

——

-——___________

- Igneous rocks
Igneous rocks \ & Colder

dike
hrittle-ductile transition x feodi

- Hotter shallower —_— ™~ S}rsterg
magma reservoirs \ \ / /
|

Limestones

\
]
/

Fractured pyroclastic

deposits \

DEEF RESERVOIRS BEMEATH CF and VESUYIUS (8-10 km)

10 km

(De Natale et al., 2001; Della Vedova et al., 2001; Carlino et al., 2006; Zollo et al, 2006; 2008)



Ischia Temperature ("C)
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(one-dimensional solution)

C -V
T =T —(T, ~T,) exp| 2277

(one-dimensional solution in a porous media)

Q = heat content, 6-10"2Jmr?

k = thermal diffusivity, 1mmZ2s-

_ A = thermal conductivity, 3.356 Wm° C-*

jschia deep wells p = rocks density (average), 2300Kgm-
Ped7 or = fluids density, 1000kgm-3
Pcds ¢ =magma specific heat, 1kJkg 'K
IFvZ c; =fluids specific heat, 4.815 Jkg'
e e Tr = geoth reservoir temperature, 140-180° C
Conductive curve t=33ky To = surface temperature, 60° C

t=time, 33ky

y =depth, down to 900 m

v = Darcy velocity porous media, 6.7-108ms
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Areas with high geothermal gradient in Italy

Campi Flegrei
200-800 m - 200° C
2500-3000 m - Supercritical

Very High

High

Larderello
800-1500 m - 200° C
3000-3500 m - Supercritical

South Tyrrhenian
Basin

Supercritical?

(from Geothermal database, IGG-CNR)
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Data from AGIP-ENEL (1987) during productive tests
(Campi Flegrei)

Temperature at well head: min 150° C, max 250° C;
Average flow rate: 55kgs’;

Specific heat of geothermal fluid: 3kJkg-1K-1 (T=180° C);
Density: 1.08kgl-' (con T=180° C);

Salinity: 30.000 TDS (ppm )in the reservoir (T=247° C, depth500-900m);
Vapor phase: 30-40%;
Not condensable gases <2% weight;

Well head pressure: 8bar.




SMW geothermal power plant
Campi Flegrei
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