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Thermal Anomaly
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Legge # Dirembre 1906 0" 806 “Discipling dells ricerca ¢ della calt t
geelermiche’ (AGEIORSANENTD U994 - Convensione ENEL-NICH, CSE-NICR)

INVENTARTO DELLE RISORSE
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Carta delle temperature a 3000 m
7 dal piano campagna
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Temperature:

-1000 m Tmax 60° C
-2000 m Tmax 100° C
-3000 m Tmax 120° C

Heat Flow
(\ Up to 90 mW/m?

\\( Modified after Della Vedova et al. (2001)
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Regional Geological Setting
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Seismic reflection profiles and well data available in the public domain
(Videpi Project vs ENI database)

2530000

gy~ am
f 'y ad
/ ¢
"

4540000
L=

-1

4530000

NUSCO_002
(} -

4520000

Y |

]
2530000

o T Santun?g,ﬁa@ - > b v A
o iy . LN 4 s

2560000
4

H

4520000

2560000

+ Sorgenti Idrotermal

Pozzi

Dry
Gas
0IG
GSH
0GS
il
OSH

© o ¢ ¥ It O

Temp -3000 m/C°

— 60
e 70
80
90
100
— 110
—120
o 130

Linee Sismiche



Surface
Geology

Field survey
Critical review
published maps

Regiona Campania
Sito Guardia dei Lombardi
Carta Geclogico - Strutturale
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Geochemistry and
Hydrogeology
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Mefite d’Ansanto: CO, Emission

CO2 (98 vol%)
with minor amounts of:
N2 (1.3 vol%),

H2S (0.33 vol%)

CH4 (0.23 vol%)
(Chiodini et al., 2010)

According to Chiodini et aI (2010) Medlte d Ansanto is the largest natural emission of low
temperature CO2 rich gases, from non-volcanic environment, ever measured in the Earth
(total gas flux 23.1 kg/s - 2000 ton/day)
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DEM, Spring and Wells
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DEM and Surface Geology
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Well Data: 3D View
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menti & Litologia Descrizione Prove Temperature Note
Perdite Carote Eseguite

Eta

Well Data Analysis: 1

55L(m)

MD{m}

Unita
Carote
h
Minera-
lizzazioni

°Profondita

Y

Il sondaggio ubicato su

un alto gravimetrico
strutturale gravimentri-

o, aveva ko scopo di
esplorare il substrato
calcareo cretacico.

Il pozzo ha attraversato
fino a 1128 metri

attribuibil alle Forma-

oni Lagonegresi

Main geothermal reservoir is made up
by fractured carbonates,
(Cretaceous-Eocene units of the
Apulian shallow water carbonate
platform)

[Miocene medio-
inferione), costituiti da
argille vancolorn scaghet-
tate. con livelli di Mama
calcare argilloso
Argilla varicolore localmente con noduli di
scagliettata con Selce od Arenania
intercalaziond di quarzo-feldspatica.
mama e livelll di Le formaziond attribuibili
calcare alla Pattalorma carbo-
natica Apula interna,
costituita da Calcari,
Cakcari Dolomitici ¢
Dolomie, 1 estendenc
da 1128 2 1800 metn ed

Cap rock is formed by mainly shaly
" b || formations overlying the geothermal

1500 &d al Cretaceo
Inferiore da 1500 a 1800 -
ks reservoir
Risultati Minerari
Dalle manifestaziont.
dalanalisi ded log & dalle
prove di strato Il pozzo &
risultato minelizzato ad
anidrde carbonica
nelfintervallo 1128 -
1600 m ed ad acqua

= dolce e tracce di anidride
=] carbonica nellintervalio

o Il Carota 1 1600 - 1800 m
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Colonna
tratigrafica) <

Litologia

Descrizione
Carote

Note

Unita Lagonegresi

Hon
[

Piattaforma Apula Interma

TRACCEDICO2

ACQUA DOLCE & TRACCE DI CO2

Arenania quarzoso-
feldspatica con
ntercalazioni di
marma sitosa, di
angilla & o Invelli di

| breccia ad elementi
di cakcare fossilifero
In matrice arenacea

Carota 2
1051,5-10528 m
Porosith

min 2.6% max 3.8%
Permeability

Omd-0.1 md
Alternanza di Marma
siltosa grigio verde e di

Calcare rcristalliza-
|20 fratturato,

Teldpatica a cementa
calcitioo interessatata da
fratture ricementate da
Calkcite.

Carota 3
1137.7-11393m
Pocosith ND
Permeabilita ND
Mandfestazsioni: Bitume
nelle fratture
Frammenti di cabcare
dolomitico con fantasmi
o fossili ed intraclasti

parzial-
mente chiuse da calcite.

Carota 4

1303- 13062 m
Porosith ND
Permeabdlith ND
Frammenti i
Wackestone/ Packstone
neoiola, crstallizzato e

Dolomia a grana
media, talora

| grossolana, con rame
Intercataziont di
wackestone fossili
fero, dolomitizzato.

o da sottill fratture
chiuse da cakcie,

Carota §

1488 - 1490 m
Porosita ND
Permeabalith ND
Frammenti di calcare
delomitico noccols. a

Carota 6

1663 - 16644 m
Potosith ND
Permeabilith ND
Calcare dolomitico
nocciola, alternato a
dolomina a grana
grossolana,

Carota 7
1790.3-1792m
Porosith ND
Permeabilith ND
Packstone nocciola
chiaro alternato a
Wackestone dolomitiz-
zato. Piccole fratture
chiuse da cakcite ¢

| I

Prova & Strato
Fnultate: CO2
ANALISI FLUIDO
Matano: 08P
Aroto: 247%

An. Carb: 96,74%

I 1682-1710m

Prova di Strato
Rinubtato: Acgua
Dolke & CO2
ANALISI FLUIDO|
Salinik: 1,16 /1

Wl sondaggio ubicato su
un alto gravimetrico
strutturale gravimentri-
€0, aveva ko scopo di
esplorare il substrato
cakareo cretacko.

Il pazzo ha sttraversalo
fino a 1128 metr)
attribuibili alle Forma-
Doni Lagonegresi
(Miocene medio-
inferiore), costituith da
angille varicolon scagliet-
tate, con kvelli di Marna
calcare argilloso
localmente con noduli di
Selce ed Arenaria
quarzo-feldspatica.

Le formazionl attribuibili
alla Piattaforma carbo-
matica Apula intema,
coutituta da Calcari.
Calcari Dolomitici ¢
Dolomie. s estendenc
da 1128 2 1800 metri ed
& attribuibsbe ol Cretaceo
Superioreda 1128 a
1500 ed ol Cretaceo
Inferiore da 1500 a 1800
metrl

Risultati Minerari
Dalle mandfestazioni,
dall'analisi dei log e dalle
prove di strato il pozzo &
risultato mineralizzato ad
anidride carbonica
nellintervallo 1128 -
1600 m ed ad scqua
dolce e tracce di anidride
carbonica nellintervalio

1600 - 1500 m

§ Fratture

” Asorbimenta

1 Perdita

Contatto
Tettonke

Well Data Analysis: 2

Well data analysis allowed the
characterization of the geothermal reservoir

» Stratigraphy

* Temperatures (BHT and corrected SBHT)

* Logs (Resistivity, SP, GR)

* Cores

* Mud Losses

* Well test results

* Reservoir fluids

= — = X ‘ { = :.E:!_mzmmnx:m _E
Seismic_Line_Videpi 2 ) ca:%;i%o;a )

: z N:IIEI.O‘:'II!ON'G_ ) gnu:m-s

* oo @qﬁ"’

o GSH

& OGS ; ?%s ¢amuo_m_|som:

9
| regians &

Temp -3000m °C

B0 LACEDONIA_001]
—n ‘” ’
‘ ‘ SERRONI_002
— 0 / " SERRONI_D91 -g
JAURASI_001
% Se
100 s.uma&wu_cnwﬁn quoN] 1
e 1100 @
nguﬂl_m g 2 Ey)
— 120 & .s”’s‘
| —— 10 vellino S |
L] . i
.Monwforhe Irpino i el .
N, T Py e
0 5 10 %, g
KM WNO_W‘
_’____sn__—________ 5
T T T T T T r

2500000 2510000
[rseaiiu| | 20072013 | = ST
EUROFEA uApen pre=—y =

NIGHE
Fands Europen di Sviupss Regionsi



7~ . Temperature

Temperature (SBHT °C)
0,0 20,0 40,0 60,0 80,0 100,0 1200 140,0

" Well Temperatures
(SBHT vs TVDSS)
1000 -
Up to 120-130 °C
s in Bonito 1Dir
Em — TR Geothermometers
—e—Bonito 1 Dir on water samples
- collected from
2500 1— 4 MonteForaiso2 thermal springs:
e T reservoir 124°C
- (Duchi et al., 1995)
3000 - e
— Circello 1
3500 -
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ENI GEOLAB (Bolgiano)
3 well available (Monteforcuso 1, Monteforcuso 2 e Bonito 1 Dir)
Total of 12 cores (16.4 m di recupero) :

Main Goals:

» Facies and micorfacies description

 Improve formation tops interpretation and well correlation
» Characterization of the recognisable fracture systems
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Cores Facies Analysis

Monte Forcuso 1, Core 5 (1488-1490 m MD)
Shallow water Carbonate (grainstone i, Apulian Carbonate Platform, UpperCretaceous)

A -

2

1

I O O T jir
| | | !

0

Monte Forcuso 1, Core 7 (1790,3-1792 m MD)
Shallow water Carbonate (Laminated bindstone, Apulian Carbonate Platform, Lower Cretaceous)

¥ Dolomitization parrell to
algal lamination

[ g
1
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- k= 3
— Core 6: 3103 m MD (mudstone — grainstone)
fault with assccia_ted damage zone and

Calcite steps and slickensides)

Bonito 1 Di
Low angle
kinematic i

Monte Forcuso 2 — Core 1: 1497.5 m MD
Veins and joint in grainstone
: A

Bonito 1 Dir — Core 2: 2646 m MD

Calcite vein in Intraclastic packstone. with

preserved porosity I

i1

Monte Forcuso 1 — Core 3: 1137.7 m MD

P 1

Core Fractures

s AR
Monte Forcuso 1 — Core 7: 1790.3 m MD
Pressure solution seams, calcite veins and dolomitised
zones (dark areas)

5

o

Wackestone with fractures filled by anhedral dolomite

crystals
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Analysis and interpretation of well test results, mud

losses logs and core plugs measurements

200

400
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Pozzo Monte Forcuso 1

600

vy

Top Reservoir
[ |

2

Well Tests

A

Mud Losses

A A

A A A
800 1000 1200

Profondita (MD m)

1400 1600

WV VRS TSNOINC T bl LY

A

TV

1800

2000

Permeabilities

Core Plugs:
Very low
0.1-5mD

Mud Losses :
Generally 0.1-20 mD
Up to 50 mD

Well Tests

Up to:

140-160 mD (M. Forcuso 1)
100-135 mD (Bonito 1 Dir)

Low matrix permeabilities
but fractured zones show
signficant permeabilites




Well Correlation: 1
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Well Correlation: 2
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Seismic Reflection Profiles: 1
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Seismic Reflection Profiles: 2
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Seismic Interpretation: an Example
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3D Geological Model
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3D Model: Top Reservoir (m SSL)
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Permeability Log
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Structural setting: buried thrust-related folds developed during the Apennine orogenesis in Pliocene times offset by extensional
faults during Pleistocene times

Main geothermal reservoir: shallow water, fractured, carbonates (Cretaceous-Eocene)
Permeabilities: about 100-150 mD (fracture systems)

Top reservoir depth: from about -250 m below the sea level (about -1125 m below the ground level) in Monte Forcuso 1 well to
about -1750 m below the sea level (about -2315 m below the ground level) in Bonito 1 Dir well

Temperature of about 120°C at depth of about -2000 m below sea level may be expected

Reservoir fluids, in the central and upper part of the structural culmination (i.e., Monte Forcuso 1 well) mainly CO,, (gas cap
about 470-500 thick) which rests above an accumulation of brackish water. Along the flanks of the buried anticline (e.g., Bonito 1
Dir, Ciccone 1 wells), the reservoir fluid do not show a free gas phase but only saline water

Flow rates :variable from 10 I/m (Bonito 1dir) to 95 I/m (Ciccone 1) to a maximum of 205 I/m (Monte Forcuso 1)
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3D MODELLING

Based on Information from
seismic profiles and composite
e Well l0gs, we created a structural
model comprising two major units:
a) Reservoir Unit which consists
of Jurassic to Cretaceous shallow
water carbonates, which were
folded, faultet, and fractured
during accretion of the southern
Appenines.
b) Sedimentary Cover
' ___comprising mostly flysh-like and
~ 7 1 = pelagic sediments with relatively
] R GBI gy O low permeability.

3) Reservoir Model Simulation Results Niederau et al. (2015)

Temperawre (-] Permeability decreases as
w a function of depth and
. 1y reservoir geometry,
| 1335 reflecting fracture closure
w0 °"  with increasing overburden
pressure.
Transient hydrothermal
simulations yield free
convection in the carbonate
reservoir unit. Distinct
zones of upflow are
controlled by the reservoir
structure. A stable upflow
region forms under the CO,

cap, where the reservoir is

[

e Em] thickest. |IccE>
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