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1 Introduction
This reports compiles the existing geological information of field sites of interest to S4CE. The
report includes the depth and location of the geologic formations of interest, the distance
from aquifers, the position of known pre-existing faults, etc. S4CE will collect baseline
information regarding all environmental risks (e.g., microseismic activity, water quality,
emissions, etc.). These data are essential for quantifying the effects of anthropogenic
operations on the environmental risks, and for completing Task 5.7. It will also be required to
completely understand the instrumentation available at the 4 field sites, for properly
deploying the technologies invented and developed by S4CE. Finally, this task is responsible
for coordinating the collection of samples (rock, biological and gaseous), which are required
for implementing the technologies discussed in WP3 (CoreVault, PUSH50 and thermo-genic
vs. bio-genic methane differentiation) and for characterizing the samples, as described in
WP4.
This document has been prepared in close collaboration with the colleagues working at the
five sites namely Ragna Björk Bragadóttir and Sandra Ósk Snæbjörnsdóttir from the CarbFix
project1 and the Nesjavellir site located at the Hellisheidi power plant in Iceland, Ryan Law
from the United Downs Deep Geothermal Power (UDDGP) project2 in Cornwall (United
Kingdom), Thomas Bloch from the St.Galler Stadtwerke in Switzerland3 and Roberto Ferrario
from the ENI oil treatment center4 in Trecate (Italy). The field sites are also shown in the map
below (Error! Reference source not found.). In the following each field site is described
separately from North to South.

1

https://www.carbfix.com/
www.uniteddownsgeothermal.co.uk
3
www.sgsw.ch/
4
www.eni.com/
2
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Figure 1: Location of the five sites within Europe

2 CarbFix and Nesjavellir Field, SW-Iceland
Both the Nesjavellir and the Hellisheidi geothermal field, where the CarbFix site was built, are
located within the Hengill volcanic system in SW-Iceland. The geothermal fields in the Hengill
system are among the largest and most intensively studied geothermal areas in Iceland (e.g.,
[1, 2, 3, 4, 5, 6, 7]). Figure 2 shows the location of the Hellisheidi and Nesjavellir fields within
the Hengill Volcanic system.

2.1 The Hellisheidi field
The Hellisheidi field is located in the S part of the Hengill volcanic system, about 30 km SE of
the capital Reykjavik. The Hellisheidi power plant was commissioned in 2006. It is a combined
heat and power plant, with the capacity of production of 303 MW of electricity, and 200 MW
of thermal energy for the local district heating system of Reykjavík.
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Figure 2: The Hengill volcanic system showing the topography, the faults related to the transform system (SISZ),
and the post-glacial eruptive fissure swarm cutting the central volcano and the surface activity. The Hellisheidi
field is located in the S part of the Hengill system, and the Nesjavellir field is located in the N part.

Geothermal power plants emit geothermal gases that have environmental impact; these are
mostly carbon dioxide (CO2), which is the most abundant greenhouse gas and contributes to
global warming, and hydrogen sulphide (H2S) which has a local effect due to its corrosive
nature, odor, and toxicity in high concentrations. These gases are of magmatic origin. The
amount of CO2 emitted during geothermal utilization is estimated to be up to 5% of CO2
emissions from a fossil fuel-burning plant of a comparable size (e.g. [8]). The amount of CO2
and H2S produced out of the Hellisheidi reservoir annually is about 38,000 tonnes and 9,000
tonnes respectively [9].
The CarbFix project was founded in 2007 by Reykjavik Energy, CNRS in Toulouse, the
University of Iceland, and Columbia University with the aim to develop safe and economical
methods and technology for permanent mineral storage of CO2 in basalts. Since then several
universities and institutes have contributed to the project. The project centers around the
Hellisheidi power plant where the CarbFix method is utilized to mitigate the CO 2 and H2S
emissions of the plant. A gas mixture comprised of 65% CO2 and 35% H2S is dissolved in
PU
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condensate from the plant and inject into the subsurface, where the gases react with the
basaltic bedrock and precipitate as stable carbonate minerals for safe and permanent storage
[10]. The method has the added benefit of maintaining reservoir pressure through the
injected water. Following the success of two pilot scale injections at the site in 2012 [e.g. 11,
12], the project was scaled up in June 2014, and is on-going as an integral part of the
operations at the Hellisheidi power plant.

Figure 3: The CarbFix2 site at the Húsmúli injection site. The feedzones of the injection well HN-16 at
Sleggjubeinsdalir Valleys, and the monitoring wells HE-31, HE-48, and HE-44 at Skarðsmýrarfjall Mountain are
labelled with circles. The color and size of the circles indicates the size of the feedzones.

The CarbFix injection site is located at the Húsmúli site in the northern part of the Hellisheidi
field, at the western flanks of the Hengill volcanic system (Figure 3). The Húsmúli site is the
main re-injection site for the field, with annual injection of about 12 Mt of geothermal brine
and condensate. Seven re-injection wells, ranging from 1000 to 2700 m depth, were drilled in
the area along with few shallow (~100 m deep) groundwater monitoring wells. Four of these
wells were drilled into NE-SW faults that are connected to the production field of the power
plant. The main injection well for dissolved gases, well HN-16, is located at the mouth of the
Sleggjubeinsdalir Valleys, and is in close connection with three production wells, HE-31, HE48 and HE-44 located at the SW part of the Skarðsmýrarfjall Mountain. These wells serve as
monitoring wells for the gas-injection. Figure 3 shows the location the injection and
production wells. The well’s depths range from about 2200-2700 m, and they are cased off
down to a depth of 660-837 m. The maximum down-hole temperature of the production wells
ranges from ~260-285°C.
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Currently about 10,000 tonnes of CO2 and 5,000 tonnes of H2S from the Hellisheidi power
plant are injected annually, but these numbers have been gradually increasing since 2014 [9].
This accounts to about 34% of the current CO2 emissions and about 68% of the H2S emissions
from the plant. The gases are dissolved in water and injected into the basaltic bedrock, where
the gas-charged fluid reacts with the basalts and forms stable minerals for secure and longterm storage of CO2 and H2S.

2.2 The Nesjavellir Field
The Nesjavellir Geothermal Power Plant is located in the northern part of the Hengill volcanic
field, 10 km northeast of the Hellisheidi site (Figure 2). Since commissioning of the plant in
1990 a total of 30 wells have been drilled. The combined heat and power plant produces 120
MWe and 300 MWth in total. The amount of CO2 and H2S produced out of the Nesjavellir
reservoir annually is about 12,000 tonnes of CO2 and 8,500 tonnes of H2S [9].
Building on the success of the CarbFix injection in Hellisheidi, a pilot injection of about 1.000
tonnes of CO2 per year is planned to start in 2022 as a part of the Horizon 2020 GECO project.
The gases will be injected into well NJ-18 (Figure 4), which has a depth of 2136 m and downhole temperatures of up to 250 °C.

The injection
NJ-18, located
in the
part plants
of the Nesjavellir
field. and
Well paths
of deviated
Figure 1. MapFigure
of the4: Hengill
areawell
showing
location
ofnorthern
the power
(Hellisheidi
Nesjavellir),
wells and fissures a
production
wells
in
the
field
are
shown
in
red,
eruptive
fissures
in
orange,
and
faults
and
fissures
in
black.
surface faults and fractures (from Tomasdottir 2018).
Production wells are labelled in red; re-injection wells are labelled in blue.

The goal of the S4CE project in the Nesjavellir field is the characterisation of flow paths and
improval of numerical reservoir models in order to minimise the seismicity induced by
reinjection of fluids. This is achieved by measuring permeabilities and identifying the factors
controlling it by performing flow experiments and triaxial stress tests and combining those
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with field surveys (high resolution drone imagery and detailed structural mapping) and
seismic data analysis in order to apply the results to a larger scale [13].

2.3 Geology
The Hengill system is a part of the western volcanic zone of Iceland, at a location where the
western rift zone meets the volcanic zone of Reykjanes peninsula, and is intersected there by
the South Iceland Seismic zone (SISZ) forming a triple junction (e.g. [14]). The area is very
seismically active, with two kinds of tectonic activity prevailing in the area; a) dilationary
rifting as evident by a 60-100 km long and 3-5 km wide NE-SW trending fissure swarm with a
total throw of more than 300 m, and b) a transform component related to the SISZ which is
concentrated in the eastern part of the area. The system was formed by several volcanic
cycles from various spreading episodes of the rift zone. Postglacial volcanism at Hengill has
been confined to three fissure eruptions dated at ~10,300 yrs, ~5,700 yrs and ~1.800 yrs [15].
These fissure eruptions have been suggested to open up new flow paths and locally intensify
the geothermal system [2]. An age of about 0.4 million years is proposed for Hengill, which
puts an upper age limit on the geothermal system [1, 2].
The largest part of the Hengill central volcano is built up of basaltic rocks. These are mainly
hyaloclastic (glassy) ridges that erupted sub-glacially during glacial times dominating the topmost 1000 m of the Hengill area, but the highest part of the mountain is some 800 m above
sea level [2, 3, 11]. The hyaloclastic formations are very heterogeneous; they can consist of
crystalline rocks with minor amounts of volcanic glass, such as pillow basalts, and also almost
solely of volcanic glass, or a mixture thereof. In the less mountainous parts of the area, the
stratigraphy consists of alternating successions of hyaloclastite formations from glacial
periods and lava sequences which formed during interglacial periods. The most prominent
successions originate from large lava shields which have erupted in the highlands and flowed
to the surrounding lowlands [2]. Intrusive rocks dissect the succession below circa 800 m
depth below sea-level (b. s.) and become the dominant part of the strata below 1700 m b.s.
In addition to being a heat source, intrusive rocks contribute substantially to the permeability
in the field, as the fracture networks created by the emplacement of intrusive rocks is a major
control on aquifer (feed zone) permeability below 500 m b.s. In the shallower parts of the
wells, the aquifers are commonly associated with stratigraphic boundaries [1, 2].

2.4 Instrumentation
The wells are sampled on a regular basis for chemical analysis and tracers. Thorough
temperature and pressure logging is performed during and after drilling of each well, and
occasionally during the life span of the wells. The well head pressure is constantly monitored,
along with flow into the injection wells and out of the production wells. There are six
seismometers installed in the area that are run by Reykjavik Energy, and additionally two run
by the Iceland Meteorological Office. CO2 flux measurements are performed regularly in the
area.

2.5 Seismicity
Induced seismicity of high intensity was unknown in the Húsmúli area. However, already
during drilling of wells in the Húsmúli formation, seismicity occurred when intersecting
permeable formations or the bottom of the feed zones with maximum magnitudes of ML 2.5
[16]. Production tests have furthermore caused seismic events as well as swarms of
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earthquakes that were registered after commission of the field in September 2011 with two
magnitude 4 earthquakes. The seismicity during operation is thought to be caused by the
injections lowering the effective pressure and thus friction on faults and by mass extraction
causing subsidence [17]. It is furthermore related to the temperature of the injected water,
as seismicity is higher with cold water. Furthermore there is a temporal trend, as seismicity
ceased with time, indicating a release of stress. Finally, with increasing injection rate (l/s) the
seismicity is increasing [17].
The orientation of the registered seismic events is contradicting the orientation of the NE-SW
trending swarm of fissures in the Húsmúli area and is probably related to the orientation of
the South Iceland Seismic Zone, where most of the strike-slip faults are N-E oriented.
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3 Cornwall, United Kingdom
3.1 Introduction
Within the outcropping area of the Carnmenellis granite in Western Cornwall, an engineered
geothermal system (EGS) combined with a geothermal power plant capable of producing 10
MW of electric and 40 MW of thermal energy is planned. The United Downs Deep Geothermal
Power project (UDDGP) is funded by the European Regional Development Fund, the Cornwall
Council, and private investors. „Unlike the previous Hot Dry Rock research project carried out
in Cornwall in the 1980s, UDDGP plans to target a permeable geological structure called the
Porthtowan Fault Zone, which lies about 800m to the west of the United Downs site.“ One
injection well at about 2,500m depth and one production well at 4,500m have been drilled
into the fault zone. The temperature at the bottom of the production well is expected to be
about 190°C. Figure 4 illustrates the project.
Water will be injected in the Porthtowan Fault Zone by the upper injection well and pumped
out from the fault zone by the lower production well, fed through a heat exchanger and then
re-injected into the ground to establish a continuous cycle.
The planning of the EGS is based on a couple of reports that were published in the 1980-90s
while this area was a research area for hot dry rock (HDR) systems, as well as coarse resolution
seismic surveys and records from nearby metal mines including well data.

Figure 5: Cold water will be injected in the upper part of the fault and produces as warm water at the lower
production well. (Image taken from www.uniteddownsgeothermal.co.uk/project-overview).
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3.2 Geology
The geology of the granitic body is highly complex (see Figure 6). It is therefore of no big
surprise that the shape of the pluton is still a question of debate. Older studies favour a
continuous granitic body till a depth of approx. 10 km where a potential S dipping Variscan
thrust forms the lower constraint. The upper part of the pluton is fitted to the gravity data
with a typically trapezoidal or diapiric shape.
A younger study [18] predicts a mushroom-shaped geometry for the granite, with an inward
dipping contact from ~2,000m depth and a base at ~ 4,000 to 5,000m at the southern edge.
Both studies present different extents of the granitic body at reservoir depth, which can only
be revealed by drilling. Based on outcrops, the granitic body can be classified into different
domains ranging from systematically to highly fractured with sealed and non-sealed fractures.
However, the target of the EGS is the NW-SE trending Porthtowan Fault Zone (PTF) at the NE
flank of the Carnmenellis granite. Based on analogue information it may be thought of as a
composite of several generally sub-parallel but anastomising fault strands in a zone approx.
0.5km to 1.5km in width. The fault zone might have been active throughout the emplacement
of the granitic body, during Tertiary and late Palaeogene / Neogene. Recent seismic activity
on similar NW-SE trending structures crossing S-England indicate that the PTF fault zone might
also be tectonically active now.

Figure 6: Geological map showing granite outcrops (red).

PU

Page 12 of 23

Version 1.0

MS 5 – Mapping of the geologic conditions near the five scientific test sites

3.3 Instrumentation
„Local seismic monitoring will be performed with six or more high quality stations (within
5 km of project location, preferentially ≤1 Hz 3C-sensors) and the real time data will be
available to this project at no extra costs. The same is true for velocity measurements at
selected sites. Baseline data will allow differentiation between anthropogenic and natural
micro-seismicity during drilling, stimulation and operation.“ [19]

3.4 Stress field
During the HDR experiments the magnitudes and orientations of the stress field have been
identified from near surface to a depth of 2500 m. The maximum horizontal stress was
determined to be approx. NW-SE directed with a gradient of SH ≈ 18MPa + 33.3MPa/km. The
minimum horizontal stress is directed normal to SH and has a gradient of Sh ≈
8MPa+14.3MPa/km. The vertical stress forms the intermediate stress with a gradient of SV ≈
25.8MPa/km.
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4 St. Gallen, Switzerland
4.1 Introduction
The geothermal drill site St. Gallen is located close to the river Sitter in the urban area of the
City of St. Gallen south of Lake Constance in Switzerland. The Upper Jurassic (Malm Fm.) is
located at a depth of approx. 3800 – 4200 m TVD and intersecting a fault system detected
and localised by 3D-seismic. The Malm Fm. was projected as the favourite geothermal
reservoir as it is frequently used as such in the South German Molasse basin. The project, with
one well of the intended hydrothermal doublet realised in 2013 named “St.Gallen GT-1”, has
been on hold since insufficient water productivity for geothermal use along with a high influx
of natural gas was recognized during testing and a 3.5 ML earthquake was induced due to
well intervention after a gas kick within the reservoir section.

4.2 Geology
„The drill site is positioned at the southern edge of the eastern Swiss Molasse plateau, where
the Molasse is increasingly dipping NW, i.e. towards the foreland basin, due to backthrusting
of the Aquitanian upper freshwater Molasse. The successions in the footwall of the backthrust
are dipping in SE direction, towards the orogenic belt. The frontal thrust fault of the Subalpine
Molasse crops out about 6 km SE of the drill site. The backthrust and a decollement at the
base of the anticlinal Molasse form a prominent Triangle Zone where compressional
deformation accumulated at the front of the Alpine orogeny (Figure 7). The base of the clastic
to shallow marine Molasse sediments is built up by gently SE dipping Mesozoic strata hosting
potential geothermal aquifers in the carbonate formations of the Malm (Upper Jurassic) and
the Muschelkalk (Middle Triassic) [20].

Figure 7: Schematic geological cross section from NW to SE and well trajectory of the geothermal well St.Gallen
GT-1 in St.Gallen (taken from [20]).
PU
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4.3 Stratigraphy
„The potential Upper Jurassic aquifer ranges from 3992 – 4404 mMD. Yellowish-brown
micritic limestones containing residues of siliceous sponges were developed here from 3992
– 4280 mMD, a dark-grey micrite with sponge needles (basinal limestones) from 4280 - 4375
mMD, sandy calcisiltites down to 4404 mMD, and Dogger rocks down to 4450 mMD. In place
of the expected Quinter limestones (Helvetian facies), Swabian sponge mass facies were
found. Dolomites causing the good permeabilities in the eastern Molasse Basin could only be
observed subordinately. Indications of karstification, open porosities and fractures were only
scarce. Increased quantities of transparent calcites could be observed only at 4070 mMD and
from 4150 –4210 mMD; white calcites observed from 4315 – 4335 mMD indicate a fault zone
with closed fractures. [21].

4.4 Faults
According to [22] and references therein the major tectonic structures in the area are the
Hegau-Lake Constance Graben System in the north, and the Baden–Irchel–Herdern
Lineament and the Alpine Front in the south. However, [20 state that “the dominating
structure in the St. Gallen prospect is a NNE-SSW oriented fault zone dipping steeply to the
SE. To the North of the exploration area antithetic normal faults complete this fault zone to a
graben structure. The normal faults of this NNE-SSW trending graben structure are restricted
to the Mesozoic and Paleozoic strata and die out in the lower Molasse Formations. The faults
may root in a Permo-Carboniferous trough – existence proven by corresponding gas analysis
as hydrocarbon source – indicating an initial Paleozoic formation of the St.Gallen fault zone.“
This is in line with [22], who postulates that the normal faults of the St.Gallen fault zone offset
the entire Mesozoic sedimentary cover by up to 300 m, and that the fault zone comprises ESE
dipping normal faults with subsidiary, subparallel apparent reverse faults in the hanging wall.
Those faults have been reactivated during Mesozoic as normal faults. Recently, the St.Gallen
fault zone is active in sinistral strike-slip mode, favoured by its almost ideal fault orientation
within the present-day stress field [22].

4.5 Well
The well „St.Gallen GT-1“ reached 4450 m MD with four drill sections (diameter drill bits 23’’
to 8 ½’’ and casing 18 5/8’’ to 7’’, lowest as perforated liner) in 2013 and has been temporarily
shut-in after the final results of the testing campaign (see development of the project) proved
only a small productivity for water, a high short-term productivity for natural gas (see chapter
4.8), and a high seismic risk (max. ML 3.5 in 07/2013).
The well has a “four-barrier completion”. A permanent packer (first barrier) locks in the gaswater reservoir below 3970 m MD (section four; open hole section with initially about 370
bar formation pressure @ 145 degrees Celsius). A retrievable bridge plug within the cased
part of the well at about 3700 m MD forms the second barrier. The wellhead at the top of the
well seals off the structure towards the surface (third barrier). Conservation fluid (water with
anti-corrosives) fills up all cased hole-sections and is manually pressure monitored from
surface at the wellhead (0 bars wellhead pressure proven since shut-in in 2013 throughout
present day: pressure readings and quality check of well from surface once a week). The
schematic well completion and stratigraphy is shown in Figure 8.
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Figure 8: Schematic and stratigraphic view of the St.Gallen GT-1 well, TVD: total vertical depth, MD: measured
depth taken from [21].

4.6 Instrumentation / Completion
The area surrounding the well is being monitored with a micro-seismic network operated by
the (independent) Swiss Seismological Service (SED) since early 2012. In the beginning, the
network consisted of six three-component surface seismometers and one shallow (depth of
205 meters) three-component borehole station. Since 2014, the network has been reduced
in numbers of surface stations (four instead of six) but is still online and functional with
minimum resolution above ML 1.0 and a 15 km radial alert region at least until the end of
August 2020.
The well itself is instrumented with (non-remotely controlled) manometers without data
storage device at the surface measuring the fluid pressure within the upper most cased hole
sections of the well as indicated in Figure 9.
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Figure 9: Schematic view of the St.Gallen GT-1 well with completion installed since Nov. 2013 (adapted from [22])

4.7 Seismicity
Over the past 500 years, the region around St. Gallen experienced seismicity, however not
particularly along the fault in the target region. The closest seismic event was an earthquake
in 1987 with a magnitude of ML 3.2 located near the town of Abtwil, WNW of St. Gallen [23].
The distance between the epicenter of the 1987 earthquake and the 2013 St. Gallen
earthquake is about 2 km. A normal faulting regime was observed at the 1987 earthquake
[20]. Due to the lack of recent seismic activity the public utility company of St.Gallen, project
operator St. Galler Stadtwerke, concluded that the fault zone is hardly seismically active [24].
However, during the step-rate injection test 12 micro-earthquakes were detected with
magnitudes ML <= 0.9, followed by seismic events in vicinity of the injection with magnitudes
ML <= 1.2 during the acidization, and further increasing seismicity with the ML 3.5 event
during the well control operation after the gas kick. The focal mechanism of event indicates a
strike-slip faulting regime with the maximum principal stress in NNW-SSE. [25] relocated the
seismicity around the St. Gallen site and concluded that the majority of earthquakes (more
than 800 events in 2013) is „[...] located in the pre-Mesozoic basement, likely within a PermoCarboniferous trough below the targeted hydrothermal aquifer.“ This supports the possibility
that the gas migrated upward from the Permo-Carboniferous trough [26].
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4.8 Additional information on Reservoir
Short time productivity water

0.04 l/s*bar (approx. 6 l/s*150 bar)

Water chemistry

NaCl-type, approx. 16 g/l total dissolved solids (tds)

Short time productivity gas

40 m3/h*bar (approx. 6000 Nm3/h*150 bar)

Gas composition

Methane 94%, carbon dioxide 5%, nitrogen 1%

Hydraulic characteristic

Inflow of gas and water through several fault zones and
natural lift at wellhead

Seismic risk

Increased seismic risk while injecting through GT-1

4.9 Project summary / Timeline
[20] summarizes the project development as followed:















PU

2007 – Energy Concept 2050 of St.Gallen includes the geothermal project as one of its key
components
2008-2009 – Feasibility study for deep geothermal utilization, focusing on hydrothermal
resources
2009-2010 – 3D seismic survey St. Gallen (270 km2 covered surface area)
2010 – Popular vote with 53% voters participation and 82% advocacy for a CHF 76 Mio
credit for a geothermal project (realisation of doublet and combined power-heat-plant)
2011-2012 – Selection, preparation and construction of the drill site St.Gallen
2012 –Installation and start of operation of local seismic monitoring of the St.Gallen
region together with Swiss Seismological Service (SED)
03.2013 – Start of drilling with prioritized target in the Malm Fm. in 3.8-4.2 km depth
07.2013 – Penetration of target horizon with end of well in 4253 m TVD (4450 m MD)
o 06.07.
– Penetration of target horizon with in situ temperature of 145°C
o 8.-10.07. – Logging of target horizon
o 14.07.
– Careful step-rate injection test in 15 steps
o 16.-19.07. – Cleaning of well including acidizing
o 19.07.
– Gas kick (92% CH4), well control operation to overcome gas kick
o 20.07.
– Seismic event of ML 3.5
o 24.07.
– End of well control operation
08.2013 – Decision for project continuation with a high feeling of public solidarity
09.2013 – Fishing operation and cleaning the well including acidizing
10.2013 – Well-Production test (drill stem test)
11.2013 – Well shut-in and temporarily abandonment (“4-barrier conservation”)
05.2014 – The project was stopped. The search for alternative uses of the well started.
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5 Trecate, Italy
5.1 Introduction
For the mitigation of greenhouse gas emissions during the treatment of hydrocarbons, a
detection and monitoring method for carbon dioxide and methane is needed. In order to
safely identify and quantify emissions and to contribute to the understanding of emission
processes and pathways, the ORION instrument developed by MIRICO, a S4CE partner, is now
being tested at the Trecate oil treatment center (see group picture in
Figure 11: Group picture taken during ORION tests (the instrument is visible on top of the
building).
). It is a gas monitoring system capable of use for a wide range of gases, concentrations and
scenarios. At Trecate, the ORION system is connected to a dedicated test installation which is
capable of releasing gas and simulating leaks from CH4 and CO2 tanks.

Figure 10: Aerial view of the Trecate oil treatment center.
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The Trecate site is located in the Po Valley, approximately 70 km west of Milan. The site
processes
hydrocarbons
from
more
than
10
satellite
wells
in
the
nearby Trecate and Villafortuna oil and gas reservoirs. It was built by the Italian company
Ente Nazionale Idrocarburi (ENI) accompanying the construction of the first exploration well
in 1984 and has been active since 1988.
The treatment process involves the separation of oil from gas and water in the raw material.
The oil is stabilized and then sent to further treatment in the nearby Sannazaro
dei Burgondi refinery, while the gas is cleaned and fed into the Italian national gas network as
well as used for local steam production. The water is reinjected into the reservoir in order to
maintain the necessary production pressure.
The site has undergone multiple renovations, most recently in 2017. Based on the depletion
of the reservoir over the years, the oil production has been declining since its peak in 1994.
For this reason, the center is now running at a lower capacity. Due to this, certain parts of the
site are no longer in use und thus Trecate represents an ideal site for testing new
technologies applied in an industrial setting.

Figure 11: Group picture taken during ORION tests (the instrument is visible on top of the building).

5.2 Geology
The Trecate oil treatment center is connected to wells in the Villafortuna oil field. It was
discovered in 1984 and was the largest onshore oil field in Europe at that time.
It is located in the Po plain, the common foreland basin between the Southern Alps and the
Northern Apennines thrust-and-fold belt (Figure 12). The Po plain hosts a majority of the
Italian oil reserves, among other fields in the Southern Apennines and Sicily [27].
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Figure 12: Geological framework of the Italian oil reservoirs and the location of the Villafortuna oil field (red star).
Adapted from [27].

The Villafortuna field consists of dolomitized carbonate platform rocks of Middle Triassic to
Early Jurassic age. The Mesozoic was dominated by carbonate sedimentation in basins formed
through crustal extension. Those complex carbonate structures were later deformed to traps
in the orogeneses, which provides the framework for the development of several large
hydrocarbon reservoirs in the underlying Mesozoic formations (Figure 13). Those represent
the geologically oldest and deepest reservoir, linked to the earliest stage of the Tethys ocean
closing. Due to the average reservoir depth of 6000 m those formations can only be explored
in the foreland, not the thrust belt.
Villafortuna is comprised of two main reservoirs. The lower one is the Anisian Monte San
Giorgio dolomite. It has a low matrix porosity and permeability and is dominated by fracture
porosity. At the top the reservoir is sealed off by the Besano shale, which also acts as the
hydrocarbon source rock. The upper reservoir consists of the Norian to Hettangian Dolomia
and Campo dei Fiori limestones and Conchodon dolomite. The limestones are similar to the
lower reservoir while the Conchodon is the most productive reservoir. The Meride limestone
acts as the source rock [27].

Figure 13: Cross section of the Po plain with the location of the Villafortuna oil field (red star). Adapted from [27]
PU
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6 Comparison of field sites
The following table summarizes the key features of each site for easy comparison.
Table 1: Summary of field sites

CarbFix and
Nesjavellir, Iceland
Aquifer Fractured basaltic
formation

Depth of
reservoir
Stress regime
at reservoir
depth
Temperature
at reservoir
depth

700– 3300 m
TVDSS
Normal Faulting
with Sh in E-W
260-270°C
@Húsmúli

Pore pressure ~20 bars below
at reservoir hydrostatic
depth

PU

Cornwall, United
Kingdom

St. Gallen,
Switzerland

Trecate,
Italy

Carnmenellis
Granite with the
Porthtowan Fault,
a NW-SE striking,
deeply
penetrating
strike-slip fault
zone
4000 – 5000 m

bedded, compact
and well-layered,
low
porous/permeable
Mesozoic limestones
as well as lime and
clay marls; faulted/
jointed aquifer
3810 – 4207 m TVD

n.a.

Strike Slip Stress
regime with SH in
NW-SE
predicted 160190°C @4000 m

Strike-Slip with SH in
NNW-SSE

n.a.

125-145°C from top
to bottom of
reservoir

n.a.

hydrostatic?

365-371 bar at 3785
m TVD

n.a.
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