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1 LƴǘǊƻŘǳŎǘƛƻƴ 

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/  
2 www.uniteddownsgeothermal.co.uk 
3 www.sgsw.ch/ 
4 www.eni.com/ 

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

2 /ŀǊōCƛȄ ŀƴŘ bŜǎƧŀǾŜƭƭƛǊ CƛŜƭŘΣ {²πLŎŜƭŀƴŘ 

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 CO2 and H2S 
emissions of the plant. A gas mixture comprised of 65% CO2 and 35% H2S is dissolved in 
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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, HE-
48 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. ¢ƘŜ ǿŜƭƭΩǎ ŘŜǇǘƘǎ ǊŀƴƎŜ ŦǊƻƳ ŀōƻǳǘ ннлл-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 long-
term 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 down-
hole temperatures of up to 250 °C. 

 

Figure 4: The injection well NJ-18, located in the northern part of the Nesjavellir field. Well paths of deviated 
production wells in the field are shown in red, eruptive fissures in orange, and faults and fissures in black. 
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 

 

Figure 1. Map of the Hengill area showing location of the power plants (Hellisheidi and Nesjavellir), wells and fissures and 

surface faults and fractures (from Tomasdottir 2018). 
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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 top-
most 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 /ƻǊƴǿŀƭƭΣ ¦ƴƛǘŜŘ YƛƴƎŘƻƳ 

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 
/ƻǳƴŎƛƭΣ ŀƴŘ ǇǊƛǾŀǘŜ ƛƴǾŜǎǘƻǊǎΦ α¦ƴƭƛƪŜ ǘƘŜ ǇǊŜǾƛƻǳǎ Iƻǘ 5Ǌȅ wƻŎƪ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ ŎŀǊǊƛŜŘ ƻǳǘ 
in Cornwall in the 1980s, UDDGP plans to target a permeable geological structure called the 
tƻǊǘƘǘƻǿŀƴ Cŀǳƭǘ ½ƻƴŜΣ ǿƘƛŎƘ ƭƛŜǎ ŀōƻǳǘ уллƳ ǘƻ ǘƘŜ ǿŜǎǘ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ 5ƻǿƴǎ ǎƛǘŜΦά hƴŜ 
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). 

http://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). 
























