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Dear Friends, Colleagues and Business Partners. 
 

"Geothermal on the upswing!"  
 

Since the “First European Geothermal Review in 2007”, the progress in Geothermal is accelerating, we see the birth of a new 
market. Probably because of the lack of large natural resources, geothermal development in Central Europe is occurring on a 

high technical level. New technologies are often implemented without reservation, as the industry is still young and willing to try 
out new techniques. Experiences gained under such boundary conditions may also be of value for an internationally established 

geothermal operator. 
 

Initiative, new ideas and new technologies are required to overcome crises and to help develop new markets, like the 
geothermal market in Central Europe. 

 
We believe all this to be enough reason to cordially invite you to join us during the  

“Second European Geothermal Review” in Mainz, Germany, June 21 - 23, 2010. 
 

We would like to openly debate all aspects, problems, opportunities and challenges of power production from geothermal 
energy with you. We want to share experiences, listen to your problems and discuss solutions.  

Geothermal resources cannot be carried from one continent to another. We are bound to be linked to the ground beneath our 
feet. Therefore, we believe that communication links in our geothermal industry should be much less restricted for reasons of 
competition and professional secrecy than in any other energy industry. Let's make use of this advantage, let's jointly make 

geothermal stronger, more successful.  
 

Welcome in Mainz! 
 

Jörg Baumgärtner & Ihr BESTEC team! 
 

 
 

 
 
 
 

Sehr geehrte Freunde, Kollegen und Geschäftspartner. 
 

„Geothermie im Aufschwung!“ 
 

Seit dem „First European Geothermal Review 2007“ hat sich der Ausbau der Geothermie auch in Mitteleuropa rasant 
beschleunigt, ein neuer Markt tut sich auf. Diese Entwicklung findet, vermutlich mangels herausragender natürlicher 

Ressourcen, auf einem hohen technischen Niveau statt. Da dieser Industriezweig noch jung und risikofreudig ist, werden neue 
Technolgien oftmals ohne zu zögern umgesetzt. Die dabei gemachten Erfahrungen zu den Themen Erschließung, Entwicklung 

aber vor allem zum Reservoirmanagement und der Nachhaltigkeit der Lagerstätte, können auch für international etablierte 
Geothermiebetreiber von Nutzen sein. 

 
Um Krisen zu überwinden und die Entwicklung neuer Märkte wie den der Geothermie in Mitteleuropa voranzubringen, bedarf es 

Initiative, neuer Ideen und Technologien. 
 

Vor diesem Hintergrund möchten wir Sie herzlich zu dem 
„Second European Geothermal Review“ in Mainz, Rheinland Pfalz vom 21. – 23. Juni 2010 einladen. 

 
Wir möchten gemeinsam mit Ihnen alle Aspekte, Probleme, Chancen, Potentiale und Herausforderungen bei der Nutzung der 
geothermischen Energie kontrovers diskutieren. Geothermische Ressourcen sind ortsgebunden, Erfahrungen beziehen sich 
oftmals auf lokale Strukturen, lassen sich nicht einfach übertragen. Dies eröffnet uns im Bereich der Geothermie die Chance, 
über Länder- und Firmengrenzen hinweg offen diskutieren zu können. Lassen Sie uns diesen Vorteil der Geothermie nutzen! 

 
Willkommen in Mainz! 

 
Jörg Baumgärtner & Ihr BESTEC team!
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- Geothermal on the upswing - 
 
Since the "First European Geothermal Review" in 
2007, several geothermal power plants for supplying 
heat and power have started in Central Europe. 
Central Europe has finally caught up with the 
worldwide development. This progress in Geothermal 
is accelerating fast and one can actually see the start 
of the birth of a new market. Probably because of the 
lack of large natural resources, geothermal 
development in Central Europe is occurring on a high 
technical level. New technologies are often 
implemented without reservation, as the industry is still 
young and willing to try out new techniques. 
Nevertheless, these developments can also be of 
value for the established international geothermal 
industry.  
     The present focus of the activities in Europe seems 
to be on reservoir development. Reservoir 
management and sustainability still appear to be topics 
for the future. Exchange of operating experience on an 
international level may help to draw attention for the 
latter topics. 
     Although the climate change and especially the 
economic recession appears to be our main concern 
for the past two years, another aspect that is 
appearing on the horizon which will be of even more 
significance and concern is the 
 
Security of Energy Supply! 
 
Particularly in Europe, which is still strongly dependent 
on oil and gas imports, this subject is high on the 
agenda of nearly all national energy strategies. Here, 
geothermal energy offers a sustainable and 
environmentally friendly energy source with additional 
unique features. 
     One of the uniqueness of geothermal energy is that 
it is permanently available, 24 hours a day and 7 days 
a week. It is also a secure energy source within the 
national boundary. However, Geothermal is a mining 
technology with all related complications and thus 
depends strongly on technical developments, 
experience from operators and last but not least on 
public acceptance. 

And the financial crisis? 
 
Since the financial crisis hit the world economy, the oil 
price has dropped from around 140 USD per barrel at 
the peak to currently around 70 USD per barrel.  
Will the oil price remain at this level and what will this 
do to all the renewable energy projects that are 
underway? 
     With major financial investors either disappearing or 
having to cope with massive losses, many experts 
predict a slowdown in clean energy investments. 
Therefore, are renewable energies a luxury item during 
such economical difficult times? Financial crisis, 
economical crisis and lack of investment in the 
development of - still rather expensive - geothermal 
technologies, how does this fit? 
     One can argue that it matches very well and that it 
has absolutely nothing to do with luxury. Yes, if the oil 
price remains low, it will stop some new projects 
because the business case might not be convincing. 
However, the international energy agency (IEA) 
predicts that the oil price will rebound rapidly as soon 
as the world economy regains. The behavior of the oil 
price during the last weeks points exactly into that 
direction. IEA predicts an oil price exceeding 200 USD 
per barrel by 2030. 
     To overcome such crises and to help develop new 
markets, like the geothermal market in Central Europe, 
we require 
 
Initiative, new ideas and technologies. 
 
During the "Second European Geothermal Review" in 
Mainz we would like to raise a discussion on future 
developments and strategies for geothermal heat and 
power production, despite debating all challenges of 
geothermal power production. 
     Geothermal has a bright future, especially if we 
finally succeed to establish constant cooperation on an 
international level, as it exists already for other 
renewable energy technologies. 
 
Welcome to the Second European Geothermal 
Review! 
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SUMMARY 
 
Enhanced and Engineered Geothermal Systems are 
undoubtedly the biggest and most challenging 
geothermal resources to be developed. Swiss 
geothermal stakeholders have made significant 
contributions towards unlocking the Enhanced/ 
Engineered Geothermal Systems.  
     Researchers and small to medium sized 
enterprises have contributed over many years and 
decades to work undertaken at the highly successful 
European EGS project at Soultz-sous-Fôrets. With 
initial major support from France, Germany and the 
European Commission the project is now owned by an 
industry consortium, the European Economic Interest 
Grouping comprising a number of French and German 
utility and energy companies. Swiss researchers have 
been permitted to participate in this effort by the 
project’s owners and funding agencies of the project. 
From 2010 onwards, the owners of the project will test 
a number of aspects related to sustained power 
production by extracting heat from the km3-sized 
engineered subsurface heat exchanger, by testing a 
number of subsurface development configurations 
relating two production wells and two injection wells.  
     Of national Swiss interest is the life-cycle of the 
Basel EGS project from the feasibility stage to the 
abandonment stage. The project will be abandoned 
following the political decision of the Canton Basel-City 
to stop the project owing to expected large damages to 
assets in case of continued stimulation and a 
subsequent 30-year production period. This is the key 
result of a detailed risk analysis study that was 
financed by the Canton of Basel-City, the Swiss 
Federal Offices of Energy and the Environment and 
Geopower AG, the owner of the project. While a 
deliberately highly conservative approach was taken to 
analyze the geologic setting, to set up of a three-
dimensional static reservoir model, to dynamically 
model induced and triggered seismicity, and to 
incorporate the vulnerability of the region to finally 
compute likely damage cases, it soon became clear 
that significant and simplistic assumptions had to be 
made to arrive at a result in the study. Close study of 
the risk analysis opens many areas for scientific and 

engineering discussion and will undoubtedly trigger 
plenty of research and development.  
     The discussion about the future of the EGS project 
at Basel and the decision to stop the project were 
made without any measurement in the wellbore after 
the stimulation. No statements were possible on the 
physical condition of the wellbore (like pressures and 
temperatures) and on any indication regarding the 
permeability increase of the treated formation. Once 
approvals and permits had been obtained from the 
cantonal authorities, first measurements and low-rate, 
short-duration tests carried out in 2009 suggest that at 
a depth of 4600 m the formation has a temperature of 
174 °C with an expected but owing to an obstruction at 
4700 m depth, unverifiable bottom-hole temperature of 
185 °C. A low-rate, short-duration production test 
suggests that the reservoir permeability has been 
increased by 2.5 to 3 orders of magnitude. 
     The ETH domain has launched a 4-year, major 
research initiative («GEOTHERM») where among 
other topics the Basel data will be analyzed in great 
detail. The project consists of five interlinked modules. 
The modules intend to develop insights into the 
permeability creation process from wellbore and 
hydraulic observations, and to provide basic geological 
and stress information needed for the interpretation of 
the seismic studies and the numerical simulation 
studies. In addition, the relationship between stress 
heterogeneity and geological structures within the well 
will be described, and the mechanisms of wellbore 
failure investigated. A hydro-thermo-mechanical 
modeling platform for the simulation of permeability 
creation processes conditioned by the wellbore and 
microseismic observations will be developed. The 
simulator will be fully-modular in structure, implement 
modern approaches to the representation of fractured 
reservoirs, and include a geomechanics module that 
allows the consequences of the ‘fresh-fracture' of rock 
bridges within a brittle fracture zone to be simulated. 
The model will ultimately be extended to a full reservoir 
size and serve as a platform for simulating the impact 
of the fluid-rock interactions on the long-term behavior 
of the reservoir during circulation. Finally a part of the 
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GEOTHERM initiative is concerned with investigating 
the relationships between the deep and shallow geo-
thermal resources in urban areas from the perspective 
of sustainable development.  
     Thermal spallation drilling research at hydrothermal 
conditions is a major, three-pronged fundamental 
research initiative undertaken at the ETH Zürich. 
Fundamental measurements and data on heat transfer 
of hydrothermal flames (stable at temperatures above 
374 °C and 22 MPa) are collected and are fed into 

models that allow simulation of physical processes at 
work during thermal spallation drilling. In parallel a 
laboratory scale pilot rig is currently under construction 
that will allow testing of thermal spallation drilling at in-
situ conditions on a variety of rocks. Switzerland will 
soon participate in the International Partnership for 
Geothermal Technology together with the USA, 
Iceland and Australia where there exists scope to 
apply and advance in specific projects related to these 
Switzerland-specific R&D initiatives in EGS. 
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ABSTRACT 
 
This paper summarizes some main conclusions about 
the Soultz geothermal project (France). After two 
decades of comprehensive studies, main outcomes 
and scientific achievements about the sub-surface are 
presented. Based on exploration borehole results 
(geology, native brine), geothermal well trajectories 
parallel to the maximal horizontal stress, deep 
hydraulic stimulations and circulation tests at various 
depths, tracer test results, and temperature profiles at 
5km depth, main lessons learnt are outlined and could 
be used for future Rhine graben-like geothermal 
projects.  
 
Introduction 
 
The European Soultz geothermal project is now 
running for more than 20 years. Originally, it has been 
driven mainly by public funding from European 
Commission, France, Germany and Switzerland.  
 

 
 
Figure 1: Temperature map at 400 m depth based on oil well 
measurements in the Péchelbronn-Soultz area from Haas 
and Hoffmann [1].  

With the creation of the GEIE Exploitation Minière de 
la Chaleur, the project is now driven by a consortium of 
French and German industries as well as by public 
funding from the both sides. 
     The Soultz site which is located in the Upper Rhine 
Graben, was selected based on the huge quantities of 
petroleum data available from the old oil industry 
namely the Péchelbronn oil field. More than 5000 old 
oil wells were available even though 90% of them only 
recognized the shallow sedimentary oil-bearing 
formations (< 600 m depth). Thank to the oil history, a 
temperature map was also available at depth, 
indicating a large geothermal anomaly characterized 
with a temperature of about 100 °C at 1 km depth 
(Fig. 1). The initial geothermal target was a tight 
crystalline granite unit. 
 
Exploration 
 
Based on the HDR concept, two exploration wells have 
been drilled at Soultz on the top of the geothermal 
anomaly (GPK1, EPS1). These wells confirmed the 
very high geothermal gradient in the upper sediments, 
namely between the surface and 1 km depth with 
10 °C per 100 m length. However, more surprisingly, 
the main result was a very low geothermal gradient in 
the deep crystalline fractured basement rocks. It was 
interpreted by the occurrence of natural convective 
fluid movement due to native brine (100 g/l) circulating 
within hydrothermally altered and fractured zones 
(HAFZ) related to the Rhine Graben tectonics. They 
showed both high fracture density and strong 
hydrothermal alteration (from Genter [2]).  
     Natural fluid circulation in the fractures resulted in 
both a strong dissolution of the primary minerals such 
as biotite, plagioclase, and a significant deposition of 
some altered minerals such as clay minerals (illite), 
calcite and secondary quartz. Thus, surprisingly, the 
deep fractured basement rocks which were reputed 
tight and non-permeable, support natural fluid flow. 
     The nature of the deeper fractured basement at 
Soultz is well documented along the boreholes, but the 
inter-well domain is poorly constrained because all 
holes are near-vertical or steeply inclined. This 
borehole geometry was driven by the fact that the 
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orientation of the main fracture system was aligned 
with the maximum horizontal principal stress [3]. Since 
it is difficult to image the fracture system in 3D prior to 
drilling, it might be more convenient for future 
geothermal projects in a similar geology/stress context 
to drill inclined holes perpendicular to the strike of the 
fracture system to maximise the likelihood of 
intersecting as many as possible. Such an approach 
has recently been successfully applied in several 
Soultz spin-off projects near Landau, Rhineland 
Palatinate, Germany, some 40 km north of Soultz, 
where deviated wells were successfully drilled into the 
lowermost sediments and the top of the basement.  
 
Deep reservoirs hydraulic results 
 
The three 5 km deep geothermal wells (GPK2, GPK3, 
GPK4) penetrated the lower reservoir, and the wells 
GPK1 and GPK2 form the upper reservoir (Fig. 2). The 
former exploration wells GPK1 and EPS1 are also 
shown (Fig. 2). 
 

 
 
Figure 2: North-south vertical cross-section through the 
Soultz site showing the location of the Upper and Lower 
Reservoirs. Depths are expressed in True Vertical Depths 
(TVD). 
 
The upper reservoir duplet system was constructed 
between 2.8 and 3.6 km during the period 1992-1996, 
and circulated in closed-loop mode at 25 kg/s for 4 
months in 1997. The system impedance was only 
0.1 MPa/l/s, the first time the long-established target 
for this parameter had been reached in any system 

developed world-wide, and then for the largest well 
separation of 450 m attempted up to that time. 
Geochemical analyses and tracer tests in the upper 
reservoir revealed that a significant natural hydraulic 
reservoir existed in the rock mass, so that mixing of 
the injected fluid with the native formation water 
occurred, resulting in small return of injected tracer. 
The reservoir almost certainly resided in a connected 
network of permeable HAFZs which were seen at the 
wellbore on core and borehole images, and could be 
imaged remote from the well from high-resolution 
images of the pattern of induced microseismicity. 
     However, to reach 200 °C, it was necessary to drill 
till 5 km in the granite. Construction of a triplet system 
in the lower reservoir between 4500 m and 5000 m 
TVD began in 1999 and was completed in 2005. Three 
deep geothermal wells, GPK2, GPK3 and GPK4 were 
drilled and stimulated by massive hydraulic injections. 
The wells are arranged in a line that coincides with the 
maximum horizontal principal stress orientation, with 
the reinjection well, GPK3, in the middle, and the two 
production wells, GPK2 and GPK4 a distance of 600 m 
away. The trajectories of the deep geothermal wells 
are roughly parallel to both the maximum horizontal 
principal stress SHmax as well as the main pre-existing 
fracture system imaged in the basement from borehole 
image logs (Fig. 3). 
 

 
 
Figure 3: Local map view of the Soultz site.  
 
A series of hydraulic and chemical stimulations 
associated with an induced microseismicity, improved 
significantly the initial injectivity or productivity of the 
geothermal wells. Each well was hydraulically 
stimulated after completion. The maximum magnitudes 
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of the seismic events induced by the injections were 
generally larger than for the stimulations in the upper 
reservoir, and were felt by the local population. Good 
communication was observed between GPK3 and 
GPK2 (Sanjuan [4]), most likely due to the presence of 
a major HAFZ that cuts both wells. The connection 
between GPK3 and GPK4 was initially poor, tracer 
studies indicating that the flow between the wells was 
less direct. Following a series of acidizing stimulation 
operations on GPK4, the productivity of GPK4 was 
increased by a factor of 2.5. However, most of the 
improvement resulted from the appearance of casing 
leaks (Nami [5]). 
     Several limited-duration circulations have been 
performed in the lower reservoir to date: without down-
hole pumps in 2005, and with one down-hole pump 
and power generation in 2008. The first circulation test 
of the triplet of wells penetrating the lower reservoir 
(4.5 - 5.0 km) took place for 5 months between July 
and December 2005 (Gerard [6]). Tracer tests 
conducted during the circulation showed that ~25% of 
the injected tracer was recovered from GPK2 but only 
2% from GPK4. This asymmetrical response reflects 
the complex organisation of natural fractures 
describing different fluid circulation loops, the hydraulic 
connections between GPK3 and GPK2 being much 
more direct and faster than between GPK3 and GPK4 
(Sanjuan [4]). During this circulation, and all production 
tests conducted at 5 km depth, tracer tests and 
geochemical data invariably showed the presence of 
the native geothermal brine in the discharged fluids, 
even after large amounts of external fresh water had 
been injected into the wells (Sanjuan [4]). This result 
points to the conclusion that the exchanger is 
connected to a deep natural reservoir. Some 600 
microseismic events were recorded in the 6 months 
during and immediately following the circulation. 
Several exceeded magnitude 2.0, but none were felt.  
     The lower reservoir was again circulated in 2008, 
this time with a line-shaft production pump installed at 
350 m depth in GPK2, with GPK4 remaining shut-in. 
Circulation began at the end of June 2008 and lasted 
until mid-August 2008. During this period, the pump-
assisted production from GPK2 was around 25 l/s at a 
temperature of 162°C. The production fluid pressure at 
the surface was maintained at 2 MPa in order to avoid 
scaling before passing through a pump for reinjection 
into GPK3. Wellhead injection pressure began at 6 
MPa and increased continuously albeit progressively 
more slowly to stabilize at 7 MPa for last week of the 
test. Approximately 190 micro-earthquakes were 
associated with the circulation, which gives an event 
rate comparable to that observed in the 2005 
circulation (Fig. 4a, b). They also occurred in much the 
same locations as the 2005 events, but the magnitude 
did not exceed 1.4, in contrast to the 2005 events, 
several of which exceeded 2.0 (Cuenot [7]). This may 
reflect several differences between the two tests: the 
duration (6 months in 2005, around 2 months in 2008); 
a larger volume of water circulated in 2005; and the 
use of a down-hole production pump in 2008 which 

induced higher production flow rates compared to 
artesian production with two production wells in 2005.  
 

a 

b 
 
Figure 4: Location of the microseismic activity at Soultz 
during the 2008 summer circulation test. a) Plane view. b) 
North-South cross-section. The legend on figure 4a) is 
common for both pictures. Colours indicate the occurrence 
time of the seismic events and the diameter of the circle is 
proportional to the magnitude. 
 
During the different circulation tests conducted in 2008 
and 2009, microseismicity was fully monitored using 
surface seismic stations (Cuenot [7]). The monitoring 
of the microseismic activity shows that the 
earthquakes took place within the same areas as 
those in the 2005 circulation test. The main difference 
between the two experiments is the level of magnitude, 
which was much lower in 2008 and 2009. One of the 
main seismic events, with a magnitude of 1.7 observed 
in December 2008, is related to an accidental sharp 
stop of the production pump within GPK2.  
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Lessons learnt and conclusions 
 
After two decades of hydraulic experiments and testing 
at great depth, we can state that micro-seismicity is the 
major concern that could occur during hydraulic 
stimulation but also time to time during hydraulic 
circulation. We also learnt that it was not necessary to 
drill at 5 km. Indeed, many faults or fractured zones 
are widely open and relatively permeable at the top 
basement depth section. This result could minimize the 
drilling cost for new geothermal projects in the Upper 
Rhine Graben. Moreover, induced seismicity seems 
much more developed at great depth that at the top 
basement. Based on the occurrence of convective 
cells related to the fracture system at the interface 
sediment/basement, a future geothermal project is 
planned in France close to Soultz at Rittershoffen-
Hatten, where geothermal wells could be drilled at 
3 km depth for targeting 150-170 °C for a geothermal 
heating application. In Rhine-Palatinate, several 
commercial geothermal projects corresponding to the 
Soultz upper reservoir conditions are already running. 
     Various geoscientific data gathered at Soultz allow 
improving the large-scale geothermal model at the 
scale of the Upper Rhine Graben. We learnt that native 
brines are in equilibrium with a geothermal reservoir at 
about 220-240 °C inducing a deep hot reservoir 
somewhere in the graben. Geochemical studies also 
shown that the geothermal fluids have a sedimentary 
origin even though their have been collected in the 
fractured granite (Sanjuan [8]). That means that it 
exists probably a complex network of fractures at 
different scale allowing connecting geothermal fluids.  
     Geothermal exploration and exploitation at Soultz 
have shown that the deep-seated granite does not 
correspond anymore to the original, classical Hot Dry 
Rock (HDR) concept (Genter [9]). At Soultz and 
probably in many places within the Upper Rhine 
Graben, highly naturally fractured unconventional 
geothermal reservoirs are poorly permeable for a 
commercial exploitation prior to any hydraulic or 
chemical stimulation. However, their post-stimulation 
behaviour has many facets of conventional geothermal 
reservoirs that benefit from re-injection. 
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ABSTRACT 
 
In view of the increasing energy demand and scarcity 
of fossil resources, geothermal energy is expected to 
become an appealing and promising candidate to 
contribute to the world’s future energy mix. Globally, 
the number of geothermal power plants from high 
enthalpy sources has increased considerably during 
the past decades. In contrast, the number of power 
plants using low enthalpy sources is unfortunately still 
negligible. 
     The geothermal power plant in Bruchsal 
(Germany), located in a low enthalpy region, extracts 
energy from a hydrothermal reservoir in Mesozoic and 
Permian formations. The first well was drilled in 1983 
down to 1,877 meters with the initial objective to 
supply heat. First geochemical analysis of the lifted 
thermal water demonstrated a high mineralization 
including heavy metals and gases such as CO2, N2 
and CH4. 
     In order to comply with legal requirements, a 
second well to re-inject the thermal brine back into the 
reservoir was drilled in 1985. It has a depth of ca. 
2,500 meters and is ca. 1.5 kilometres away from the 
first well. Further investigations were conducted in the 
following years, but the project was suspended finally 
due to fall in oil price in the late 1990s. 
 

As a consequence of the financial support for 
geothermal power production prescribed in the 
German Renewable Energy Act in 2000, the project 
was resumed and further well tests were carried out. 
Subsequently the whole installation was completed 
and a Kalina cycle power plant has been in operation 
since the end of 2009. The hydrothermal reservoir has 
a temperature of ca. 131 °C, with a wellhead 
temperature of 124 °C. The flow rate is 24 l/s and the 
power plant capacity is 0.5 MWel. 
     Since 2009, further R&D has been financed by the 
German Ministry of Environment (BMU) and EnBW 
Energie Baden-Württemberg AG. The R&D focuses 
are on hydraulic, hydrochemical and operational 
issues with the aim of developing surface and 
subsurface monitoring tools in order to optimize the 
interaction between reservoir and power production 
plant. Therefore, additional tests related to hydraulic 
experiments, push-pull tracer tests, chemical analyses 
and modelling will be carried out to assess the change 
in hydraulic parameters, specific surface area of the 
fractured rock material and chemical composition of 
the fluids. In addition, seismic data during operation 
will be monitored. Preliminary results of this project will 
be presented. 
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Erfahrungsbericht Geothermieprojekt Sauerlach der Stadtwerke München 
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ABSTRACT 
 
Die Stadtwerke München haben sich mit Ihrer Ausbau-
Offensive „Erneuerbare Energien“ das Ziel gesetzt, bis 
2015 soviel Strom in eigenen Anlagen aus 
regenerativen Energiequellen zu erzeugen, dass damit 
alle Münchener Privathaushalte versorgt werden 
könnten. Bis 2025 soll der gesamte Strombedarf 
Münchens auf diese Weise gedeckt werden können. In 
Sauerlach, ca. 25 km südlich von München, realisieren 
die Stadtwerke derzeit das größte Geothermie-
Heizkraftwerks-Projekt zur gleichzeitigen Produktion 
von Strom und Wärme in Deutschland. 
     Die Planungsarbeiten bei den Stadtwerken 
München begannen, nachdem das Projekt Ende 2005 
übernommen wurde. Für das Projektgebiet Sauerlach 
wurden die Teufen des Thermalwasser führenden 
Aquifers mit ca. 3.400 - 3.800 m abgeschätzt. 
Entsprechend der Teufenlagen ergaben sich Tempe-
raturprognosen von bis zu 130 °C. Die Erschließung 
sollte über eine Doppelduplette mit einer Förderrate 
von insgesamt bis zu 240 l/s erfolgen. Auf diesen 
Parametern wurde ein Geothermie-Heizkraftwerk mit 
8 MW elektrischer Leistung und bis zu 7 MW 
thermischer Leistung für das Fernwärmenetz der 
Gemeinde Sauerlach konzipiert. 
     Die Ausführung in Sauerlach begann mit der 
Errichtung des Bohrplatzes im Juli 2007. Die 
Bohrarbeiten an der ersten Bohrung Sauerlach Th1 
wurden am 04.10.2007 aufgenommen. Von den 
ursprünglich vier geplanten Tiefbohrungen kamen - 
aufgrund der Ergebnisse - letztendlich drei Bohrungen 
zur Ausführung.  
     Die Bohrungen erreichten ihre geologischen Ziele 
und sind die tiefsten Geothermiebohrungen in 
Deutschland: Th1a ET 4.757 m MD, Th2 ET 5.060 m 
MD, Th3b ET 5.567 m MD. Die horizontalen Ablenk-
strecken in Th2 und Th3b erreichten Strecken deutlich 
über 2 km. Nach einer Gesamtzeit von 691 Tagen 
wurde die Bohranlage am 24.08.2009 nach Durch-
führung sämtlicher Bohr- und Workovertätigkeiten 
sowie Kurzzeittests zum Abbau freigegeben. Auf Basis 
erster hydraulischer Auswertungen wurden potentielle 

Fördermengen von 60 l/s (Th3b), 80 l/s (Th2) und 
120 l/s (Th1a) für die Bohrungen prognostiziert. Auf 
dieser Grundlage wurde die Th1a als Förderbohrung 
und die Th 2 und Th3b als Injektionsbohrungen 
festgelegt.  
     In einem am 27.10.2009 gestarteten Langzeitpump- 
und Reinjektionsversuch wurde dieses Nutzungs-
regime der Triplette getestet und analysiert. Zusätzlich 
wurde ein Rückspül-Trommelfilter in das System 
integriert, um die grundsätzliche Eignung dieses 
Systems für den Betrieb zu testen sowie eine mögliche 
Fracht im Thermalwasser abscheiden und analysieren 
zu können. Des Weiteren wurden verschiedene 
Dichtungsmaterialien sowie Stahlsorten in einem 
Expositionstest auf die Verträglichkeit mit dem 
Thermalwasser bzgl. Korrosion und Scaling getestet. 
Am 10.12.2009 wurde der Langzeitpump- und 
Reinjektionsversuch erfolgreich abgeschlossen. Es 
konnten Temperaturen an der Tauchkreiselpumpe bis 
zu ca. 140 °C gemessen werden. Der Kopfdruck und 
die maximalen Injektionsdrücke lagen unter 10 bar. 
Die Prognose für die Förderung aus der Th1a mit 
120 l/s konnte nach vorläufiger Auswertung bestätigt 
werden.  
     Momentan gehen die Planungen von einem 5 MW 
Kraftwerk aus, aus dem nach einem bereits 
abgeschlossen Liefervertrag zusätzlich 4 MW 
thermische Leistung für das Fernwärmenetz der 
Zukunftsenergie Sauerlach GmbH geliefert werden. 
Die Ausschreibung für das Heizkraftwerk erfolgt 
systemoffen (ORC- oder Kalina-Prozess) an einen 
Generalunternehmer, der das Kraftwerk und den 
Thermalwasserkreislauf schlüsselfertig liefern soll. Es 
wird mit einer Vergabe im Frühjahr 2010 gerechnet, 
was eine Inbetriebnahme des Geothermiekraftwerks 
gegen Ende des Jahres 2011 ermöglichen würde. Den 
momentanen Arbeitschwerpunkt im Projekt Sauerlach 
bildet die Aufarbeitung der gesammelten Daten und 
Erfahrungen sowohl in geologischer als auch 
bohrtechnischer Hinsicht. 
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SUMMARY 
 
The Paris Basin geothermal district heating (GDH) 
scheme stands as the second world largest of its kind, 
after the city of Reykjavik, with a total installed capacity 
and yearly heat supplies (heating and sanitary hot 
water – SHW) amounting to 220 MWt and 1100 GWht 
respectively, serving ca 150 000 equivalent dwellings 
(each ca 200 m³ in volume) from 34 well doublets. 
     The first attempt to exploit the hot waters hosted in 
the Dogger carbonate formation (mid Jurassic) dates 
back to year 1962, at Carrieres-sur-Seine west of 
Paris. The well, despite a high productivity, was 
abandoned as a result of a highly saline brine, 
incompatible with the disposal of the waste water in 
the natural medium (a surface stream). This led a 
private operator to commission, in 1969, the first field 
implementation of the geothermal doublet concept of 
heat mining, combining a production well and an 
injection well pumping the heat depleted brine into the 
source reservoir. 
     The doublet (two deviated, 7" cased, wells) 
produced in self flowing mode was put online in 1971, 
on the henceforth Melun l'Almont emblematic site, 
South of Paris, to supply heat to a nearby social 
dwelling compound. It enabled, incidentally, to design 
new, titane alloyed, plate heat exchangers, able to 
cope with a hostile fluid environment, a corrosive, 
slightly acid (pH = 6), saline (30 g/l eq. NaCl) and hot 
(74 °C) brine. The system since then has been 
operating satisfactorily, the doublet moving in the 
meantime towards a triplet array including two injector 
and one new, innovative, anti corrosion production well 
combining steel casings and freely suspended, non 
cemented, fiberglass liners. Noteworthy is that this 
pioneer achievement was completed irrespective of 
any energy price crisis nor public subsidising 
whatsoever. Regarded at the time as a technological, 
fairly exotic, curiosity the concept has been extended 
later to the whole Paris Basin GDH systems. 
     The sharp energy prices rises in the aftermath of 
the 1970s oil shocks led the French authorities to 
promote, among other renewable energy sources, low 
grade geothermal heat as base load to district heating 
grids and other space heating systems. This 
commitment has been concluded by the development, 
in the Paris Basin alone, of 54 GDH doublets of which 
34 still serviced to date, indeed a satisfactory score 
given it addressed a new energy development route 
and a highly competitive energy market. This success 

story undoubtedly benefited from the convergence of 
three main driving stimuli (i) evidence of a dependable 
geothermal reservoir (Dogger limestones) of regional 
extent, reliably assessed thanks to former hydrocarbon 
exploration and development campaigns (over 3000 
wells drilled and 5000 km processed seismic lines); (ii) 
a strong, voluntarist, commitment of the State in favour 
of alternative energy sources and accompanying 
incentives (mining risk coverage, mutual insurance 
(sinking)-fund mitigating exploitation hazards, financial 
support to district heating grids and focused R,D&D 
programmes), and, last but not least, (iii) the presence 
above the geothermal resource of large social dwelling 
units, eligible to district heating, numerous throughout 
the Paris suburbs. 
     In spite of this strong backing, geothermal 
development did not avoid contagion from infantile 
diseases inherent to the implementation of new 
technologies as evidenced by several symptoms, 
chiefly. 
 
- Structural: lack of expertise from operators (mainly of 
the public sector) in managing industrial installations 
and energy processes implying a strong mining 
impact; 
 
- Technical: (i) loose mastering in operating heating 
grids, under a retrofit rationale combining several base 
load and back-up/relief energy sources and fuels, (ii) 
repeated failures of submersible pump sets, and (iii) 
above all, devastating corrosion of well casing, well 
heads and equipments caused by a thermochemically 
hostile fluid; 
 
- Administrative and managerial: imprecise definition of 
duties and obligations of involved parties (operators, 
engineering bureaus, heating companies, consults…) 
and of relevant exploitation/service contracts, 
inefficient marketing and negotiations of heat sales 
and subscription contracts; 
 
- Economic and financial: severe competition from 
conventional fossil fuels (heavy fuel oil and natural 
gas, the leading competitor) penalising sales and 
revenues, persistent depleted energy prices further to 
the second oil shock, adding to a debt nearing 85 % of 
total investment (CAPEX) costs in a capital intensive 
(5 to 8 M€, now approaching 15 to 18 M€), low equity, 
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high interest rates (12 to 16 % in the late 1980's) 
context. This clearly placed most geothermal 
operations in a typically third world position. 
  
With time and experience, structural and technical 
problems could be overcome via systematic and 
standardised fluid and equipment monitoring and 
logging inspection protocols, innovative well workover 
and chemical inhibition procedures aimed at restoring 
well; performance and preventing corrosion/scaling 
damage, the latter supported by the State through 
pertinent R&D programme and funding. 
     Simultaneously (early to mid 1990's) administrative, 
State inspired, measures enabled to reduce the debt 
charge, renegotiated by a spreading out of debt 
annuity repayments, interest rate cuts and grace 
period extensions. Tax deductions were applied to 
geothermal operators, regarded therefore as energy 
producers, the most significant one addressing the 
VAT rate set at 5.5 % instead of the former 19.4 %. 
Simultaneously, improved technical administrative and 
financial management of GDH grids could be noticed 
among most geothermal players. 
     Hence, the revival of a technology, once 
endangered to a point its abandonment had been 
seriously contemplated, could be achieved at the 
expense through of the shut in/cementing of 22 
doublets i.e. ca one third of the initial load and a 
subsequent loss in heat supplies as displayed in the 
recorded and projected figures listed below. 
     Since the late 1990's/early 2000's GDH in the Paris 
suburbia accessed to adult age and technology and 
know matured to a stage present heat extraction is 
mastered, heat marketing safely managed and 
sustainable development issues challenged. It has 
also gained wider social acceptance, as a result of 
growing clean air concerns and reduction of GDH 
emissions, an awareness favourably echoed by the 
media. 

Having recalled these milestones and premises the 
present paper will highlight the major technical 
accomplishments, namely 
(i) new well completion designs associating steel 
casing and fiber glass lining, a material response to 
corrosion shortcomings, 
(ii) abatement of thermochemical, corrosion/scaling, 
damage via custom designed inhibitor formulations 
and continuous, coiled tubing type, downhole chemical 
injection lines, 
(iii) specific damaged well cleaning (sliding nozzle 
jetter) tools and procedures, 
(iv) soft acidizing stimulation techniques, 
(v) tracer injection protocols, replacing costly packer 
leaf off tests, as a means for checking well integrity, 
(vi) waste disposal management via a mobile 
processing (degassing, solids removal, fluid cooling) 
line, substituted to the previous refuse pit practice, 
best suited to well workovers located in sensitive, 
densely populated, urban environments, 
(vii) implementation of representative multilayered 
geothermal reservoirs and stacked, sandwiched 
equivalent structures and of simulation tools modelling 
close to actual heat and mass transfer processes, 
(viii) design of multi-well, doublet/triplet/doublet, arrays 
extending, on the same site, system life from the 
casual 25 year thermal life span to 75 year reservoir 
longevities, meeting the requirements of key 
sustainable reservoir management issues, 
(ix) Dogger Data Base. Its architecture (joint BRGM-
CFG-GPC IP design) has been conceived (and is 
actually practiced) as a dynamic interactive reservoir 
management tool, 
(x) last but not least, design and implementation of 
geothermal district heating & cooling grids and 
combined shallow aquifer heat & cold storage/deep 
aquifer heating- preheating. 

 
 Target Achieved Forecast 
 (1985) 1990 2008 2012 2020 
Operating doublets 54 43 34 37 45 
Total installed capacity (MWt) 360 260 220 250 350 
Produced heat (GWht/yr) 2000 1455 1200 1300 1600 
Unit capacity (MWt) 6.5 6.0 6.5 6.7 7.5 
Unit yield (MWht/yr) 36000 33800 35000 35000 35000 
Artificial lift wells 48 36 27 30 40 
Self-flowing wells 6 7 7 7 5 
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ABSTRACT 
 
This paper reviews the development of geothermal 
project realisation in the Upper Rhine Graben 
geothermal province. It presents results of legal 
framework, exploration, geothermal drilling and risk 
mitigation concerns. Work experiences from four deep 
geothermal projects that have been conducted by 
HotRock are also considered. This contribution covers 
the time period from the first geothermal projects in the 
1980s through the major EEG (Erneuerbare Energien 
Gesetz) stimulus in the year 2004 up to today. The 
paper discusses progresses, milestones and hot spots. 
It shows that seismic surveys are progressively applied 
for geothermal reservoir exploration and the results 
allow good potential calculation and reservoir 
characterization. It is pointed out that deep geothermal 
drilling went through a phase with some serious events 
mainly caused by borehole instabilities. The impacts of 
the seismic events recorded near Landau on the actual 
mostly hydrothermal projects are discussed. The paper 
gives an overview how risks in the geothermal 
development are mitigated and insured. The study 
concludes that geothermal power production in the 
URG is economically feasible. The legal framework 
needs flexibility to match the dynamic development. 
Seismic exploration has reached a reasonable level 
and risk mitigation strategies are installed. It 
emphasizes that more hydrothermal projects need to 
be realized to gain more experience in geothermal 
reservoir behaviour. Research and development is 
needed to support new HDR projects and reservoir 
stimulations. New drilling techniques may also be 
considered in order to reduce costs. 
 
Introduction  
 
Deep Geothermal development in the Upper Rhine 
Graben URG commenced in the early 1980s. In 1983 
the Bruchsal GB 1 well found a temperature of 112 °C 
and a flow rate of 11l/s in 1930 meter depth, Schopp 
(1). At that time the results were considered unique on 
a national scale. A few years later in 1987 the HDR 
Project Soultz started www.soultz.net. Today both 
projects are ready to produce power from geothermal 
energy, Genter et al. (2). They show the successful 
development of the two main techniques applied to the 
usage of deep geothermal energy in the URG.  
     In terms of the economic usage of geothermal 
resources for power production first feasibility studies 

were made in the late 1990s. A series of overview and 
single site exploration campaigns were carried out in 
the URG beginning in the year 2003. Based on the 
exploration results first projects have been realized at 
Speyer, Offenbach, Landau, Bellheim and Insheim. 
Landau was the first successful hydrothermal project in 
the URG, www.geox-gmbh.de.  Although deviated 
drilling into depth of 3000 - 4000 meters was 
considered standard some borehole instabilities 
occurred at the Offenbach GT1 and Bellheim GT1 
wells, Hecht (3), Lempp et al., (4). In the year 2009 
potential estimates were very optimistic and a number 
of geothermal projects are ready to drill in the middle 
URG, while exploration activity shifted towards the 
northern URG, Keilen (5), Baumgärtner (6) and other 
authors of the Landau meeting in Mai 2009. The deep 
geothermal business has a wide acceptance and is 
strongly supported on many levels. In the second half 
of the year 2009, the occurrence of noticeable seismic 
events at Landau raised the discussion of induced 
seismicity. The impact of this discussion on particular 
projects in the URG is quite divergent. However, quick 
reaction of developers and authorities happened and 
an objective handling of the matter has been achieved. 
A number of projects are ready to be drilled at the 
moment and the availability of rigs is very good. For 
information about the actual status of the geothermal 
projects in the URG the reader is referred to the 
homepages of the concession holders in the URG. 
     The following presentation reviews different aspects 
of deep geothermal project realization. It rather is a 
background story than a summary and description of 
details. Some aspects might be missing, but it is 
intended to describe main steps and achievements 
within geothermal project realization from the point of 
view of a project developer. 
 
Legal framework   
 
The first private geothermal enterprises started in the 
late 1990s with few large licenses (several 100 km²) 
being issued to single pioneering companies. The first 
revision of the EEG in 2004 initiated a growing 
demand for geothermal licenses, which resulted in 
continuous coverage of the whole URG on one hand 
and in more rigorous handling of the German mining 
law BBergG (BundesBerg Gesetz) on the other hand. 
After five years of intensive geothermal exploration of 
the URG the second revision of the EEG in the year 
2009 gave a new push to the geothermal market. 
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Unfortunately this second stimulus is counteracted by 
the financial crises and by unpleasant news from 
difficulties at a variety of shallow and deep geothermal 
projects. Ambiguous documentation of the different 
processes involved with particular incidents leads to 
confusion and uncertainty of the population. 
     The occurrence of seismic events significantly 
affects requirements and handling time of drilling 
permissions and construction approvals. Meanwhile 
every deep geothermal project in the URG needs 
seismic monitoring accompanied by an expert opinion. 
In the year 2003 drilling permissions would be given 
within half a year, whereas today approval times 
exceed one year and more. Additionally, opposition by 
the local people may interfere with legal processes.  
     With regard to the construction approval under 
building law there are different practices throughout 
the countries in Germany. Of particular interest is the 
question whether geothermal projects are privileged 
under building law, which means that building outside 
the binding land use plan is permitted.  
 
Exploration 
 
After a long period of HDR research and development 
at Soultz first attempts towards hydrothermal reservoir 
development in the URG started in the late 1990s. In 
the beginning geothermal sites were selected in 
regions known to have extraordinary high geothermal 
gradients and advantageous conditions for heat usage 
e.g. Speyer, Landau and Offenbach. After surveys of  
geological, thermal, chemical and other parameters 
the first 2D seismic site exploration campaigns were 
carried out for example at Offenbach in the year 2003. 
Two years later in 2005 HotRock conducted the first 
2D seismic overview exploration with a total line length 
in exceed of 200 km.  
     The first 3D seismic survey was carried out by 
HotRock in the year 2006 at the Bellheim geothermal 
site. Since then a number of large geothermal 
exploration campaigns were carried out in the URG 
and later also in the German Molasse Basin. A huge 
3D seismic survey has recently been conducted in St. 
Gallen in Switzerland www.geothermie.stadt.sg.ch. 
The following scheme illustrates the progressive 
development of geothermal exploration.    
 
- Single Site Geological Surveys  
       - Single Site 2D Seismic Exploration 
               - Overview 2D Seismic Exploration 
                       - Single Site 3D Seismic Exploration 
                               -  Overview 3D Seismic Exploration  
 
As a result of intensive exploration a considerable 
number of geothermal projects are in the pipeline 
some of which are fairly advanced or even ready to 
drill. New comprehensive seismic data now enable 
good potential estimations for geothermal fields and 
convincingly accurate subsurface descriptions. The 
latter are an integral component of probability of 
success studies.  

The following table gives a summary of the present 
exploration status for the geothermal development in 
the URG. 
 
Table 1: Estimated exploration status in the URG 
 
2 D Seismic Lines (km) 750
3 D Seimsic Surveys (km²)  500
POS Studies (probability of success)    20
Explored Geothermal Project Sites  20
Planned Geothermal Project Sites  10
Estimated Total Costs  25 Mio €

 
The main reservoirs lie in the Jurassic, Muschelkalk, 
Buntsandstein and Rotliegend Formations and the 
Cristalline basement. They represent the brittle rock 
units underneath the fine-grained sedimentary rocks of 
the younger Rhine Graben fill. The majority of 
geothermal wells aim for fractured reservoirs near 
large internal faults under extension.    
 
Geothermal Wells  
 
Since the early 1980s fourteen geothermal deep wells 
were drilled in the URG. Five wells belong to HDR 
Projects and 9 wells to hydrothermal projects. The 
hydrothermal projects use a doublet design, while the 
Soultz installation is a triplet. There is a general trend 
to greater depths in the HDR development (from 
3000 m to 5000 m) as well as in the hydrothermal 
development (from 3000 m to 4000 m). The main 
reason for deeper drilling in HDR projects was higher 
temperature, while hydrothermal drilling goes to 
deeper reservoirs to collect as much fracture zones as 
possible. The results show that both approaches are 
right. The temperature profile at Basel for example 
show conductive heat flow in the granite section, 
Ladner (7), whereas the Soultz GPK 2 well indicates 
convective heat flow. Some hydrothermal wells have 
excellent permeability from different lithological and 
structural units that allow flows in the order of 80 l/s 
and more, whereas others are less productive.  
     Taking the drilling costs of hydrothermal wells into 
account an increase in the order of almost 100% is 
observed between the years 2003 to 2010. This is a 
result of greater depth, safer casing designs, modern 
drilling equipment and costly risk mitigation and 
insurance fees. The jump start bonus of the EEG helps 
to compensate this cost increase and supports drilling 
activity for the next couple of years. 
 
Table 2: Deep Geothermal wells in the URG 
 

Well Name Year Depth (m) Status
Bruchsal GB 1 1983 1932 Test-Production 
Bruchsal GB 2 1984/85 2542 Test-Production 
Soultz GPK 1 1987 2000 Tested 
Soultz GPK-2 1995/99 3876/5000 Test-Production 
Soultz GPK-3 2002 5000 Test-Production 
Soultz GPK-4 2003 5000 Test-Production 
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Speyer GTB1 2003 2871 Alternative Use 
Offenbach GT1 2005 2800 Deep Heating  
Landau La1 2005 3300 Production 
Landau La2 2006 3170 Production 
Basel 1 2006 4800 R&D 
Bellheim GT1 2006 2800 Reevaluation 
Insheim GT1 2008 3600 Testing 
Insheim GT2 2009 3900 Testing 
Estimated Total Costs 200 Mio €

 
Risk mitigation and risk insurance  
 
There are two main risks concerned with geothermal 
drilling in the URG. First, technical drilling risks, which 
can produce extra costs up to the total costs of a well 
in the case of a total well loss. Secondly, exploration 
risks, which can reduce the projects economy, or 
cause capital loss in the case of drilling a dry well. 
Since the year 2008 insurances are available for these 
risks on the market. For a good mitigation of the 
technical drilling risk there are a number of conditions 
to be complied with: 
 

1. Planning and supervision through personnel 
with geothermal experience  

2. Drilling crew and service companies with 
relevant experience 

3. Drilling rig suitable for geothermal drilling  
4. Selection of the right well trajectory 

 
The calculation of insurance policies for the exploration 
risk is based on probability of success POS-Studies. 
The latter define the probability for certain conditions of 
flow, temperature and pressure for thermal water 
production. Fault and fracture zones under extension 
in the present stress field are good candidates for high 
flow rates. Temperatures can be predicted on the 
basis of contour maps. The temperature of the 
geothermal production well is finally determined by 
cumulative flow from different fracture zones. Pressure 
is a function of the fracture properties that determine 
flow conditions. The probability to completely loose a 
well or drill a dry well is low. For a flow higher than 
40l/s the probably of success is above 80 % for a 
number of projects under development.   
     Due to limited experience with deep hydrothermal 
projects the risk to produce seismic events was so far 
recognised only for HDR projects or cold water 
injections into high enthalpy fields. However, the 
recently recorded micro seismic events at Landau and 
Insheim arouse the discussion of triggered or induced 
seimicity during stimulation and circulation of 
hydrothermal reservoirs. The following scheme 
illustrates the progressive development in risk 
insurance policies.  
 
- Lost in Hole Insurance 
     - Exploration Risk Insurance     
           - Exploration and Drilling Risk Insurance  
                 - Seismic Risk Insurance   

Discussion 
 
The German EEG (Erneuerbare Energien Gesetz, 
renewable energy act) and other European funding 
instruments clearly aim at the economic development 
of deep low temperature geothermal reservoirs. In the 
URG we are looking at temperatures of 
120 °C - 170 °C at depths between 3000 and 5000 
meters. Without renewable energy fees, power 
production today would not be economic under the 
conditions described above. With actual feed in tariffs 
economic production of geothermal power in the hot 
parts of the URG is possible with flow rates greater 
than 60 - 80 l/s. Until proof of concept at Landau it has 
been doubted by a number of people, whether 
economically feasible flows for geothermal power 
production are achievable. The Insheim geothermal 
site is the second approval for a successful 
continuation of hydrothermal power development in the 
URG. It looks indeed that high flow rates from 
fractured reservoirs are realistic.  
    The successful wells and the exploration results 
give good evidence to believe in the existence of a 
huge regional geothermal potential in the Upper Rhine 
Graben. Within the next years predictions for local and 
regional geothermal power production will be much 
more accurate and foster the geothermal development 
considerably. The HDR technology is in favour of 
allowing geothermal power production on a large scale 
independent from existing hydrothermal reservoirs. It 
certainly needs more technical effort which is driving 
costs. The future success of the HDR technology 
depends on how favourable rock mechanics prove and 
how successful reservoirs can be engineered with the 
technology of massive hydraulic fracturing.       
     The deep geothermal development in the URG 
builds on the experiences particularly those made at 
Soultz. Hydrothermal projects also use hydraulic 
stimulations if needed to improve circulation. This 
leads to more complex permit procedures particularly 
those for reservoir testing and moderate reservoir 
stimulations. The probability of induced seismicity 
during the regular operation of geothermal plants is 
also a matter of debate. The existing seismic record in 
the URG provides a good database for risk estimation 
on a regional scale. In addition seismic monitoring at 
the individual geothermal sites will provide new data 
for a more detailed understanding of hydraulic and 
geomechanic processes involved with geothermal 
reservoir circulation.    
     To gain confidence in the technology is very 
important for all people involved with the development 
of geothermal power production in Germany. The main 
question for medium term regional investments and 
investments into expensive technical equipment is how 
fast and sustainable the geothermal development will 
be in the next few years.    
     Future geothermal wells will all be directed into 
seismically explored geothermal reservoirs. It is 
essential that future geothermal reservoir development 
approves that productivity in the range of 80 l/s is the 
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regular case rather than the exception in the URG. 
Moreover, stimulation techniques need to be further 
developed and successfully applied to show, that wells 
with initial insufficient flows can be utilized after 
reasonable treatment. This in turn can lead to 
economical engineering of HDR reservoirs for locally 
independent power production.   
     The present debate about risks in connection with 
geothermal projects is very unrewarding, because too 
many different events from deep and shallow projects 
are mixed together. Damages in connection with 
shallow geothermal projects are due to particular 
interactions of drilling technologies and ground 
condition. Damages in connection with deep 
geothermal projects are mainly related to triggered or 
induced seismicity.  
      It is not doubted here that damages at geothermal 
sites have occurred and may occur in the future. 
However, it is pointed out that in the end it is a 
question of objective analyses of a single event and 
fairness with the execution of problems and 
compensation of damages. In particular transparent 
information and objective reporting is highly required.  
     Not every single risk or risk scenario can be 
predicted and every new technology has to go through 
a certain phase of lesions learned. The essential 
question is how these risks are dealt with in the 
geothermal business. Generally, unexpected events 
always entail research and development activity. This 
is also the case with the recent problems at 
geothermal sites. However, this does not mean that 
the technology is not understood well enough to be 
applied. Quick action by authorities, developers and 
experts shows that events are taken serious and every 
possible action for risk mitigation is taken.  
     Geothermal energy is the most sustainable base 
load capable renewable energy. It is anywhere 
available and can be used at comparably moderate 
costs. Power production from geothermal resources is 
technically ambitious and needs good framework 
parameters. Since costs for drilling and power plants 
are fixed to depths and capacity good reservoir 
parameters are needed. High temperature, high flow 
rates and low pressures are the most favourable 
reservoir parameters. The Upper Rhine Graben has 
these and is therefore one of the most important 
geothermal provinces for power production in Europe. 
 

Conclusions                                  
 
1. The Upper Rhine Graben is suitable for power 

production from deep hydrothermal and HDR 
geothermal resources.  

2. The present seismic exploration status is good and 
allows regional potential estimates and local 
probability of success predictions. 

3. Reservoir stimulation, circulation and production 
have been tested in several projects but is still 
under development.  

4. Risk mitigation and risk insurance are well 
developed. Seismic risks are presently under 
debate and monitoring systems will be installed for 
future projects.  
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ABSTRACT 
 
In June 2009 the Federal Institute for Geosciences and 
Natural Resources (BGR) which belongs to the 
Geozentrum Hannover started the geothermal pilot 
project GeneSys. The aim of the project is to heat the 
buildings of the Geozentrum Hannover with 
geothermal energy. The innovative project is aimed at 
using one single borehole to gain thermal energy in 
contrast to the common use of borehole doublets. 
     The borehole was drilled through the sedimentary 
rock of the Cretaceous, Jurrassic as well as Triassic 
until the final depth of the borehole of 3901 m was 
reached within the sediment layer bunter in November 
2009. During borehole drilling sandstone cores were 
gained out of three layers which are potentially 
important for realizing one of the conceivable utilization 
concepts.  
     Primarily two different utilization concepts have 
been considered. The first concept comprises the 
water circulation between two hydraulically connected 
porous sandstone layers in about 3550 m to 3700 m 
depth. Cold water would be injected into one layer and 
be heated while flowing through an artificial fracture. 
The heated water would then be extracted from the 
second layer. To realize this circulation scheme the 
matrix permeability of the production horizon has to be 
in the range of 1 mD at least. The first permeameter 
measurements on the sandstone cores however show 
merely marginal permeabilities. Therefore the second 
concept becomes more probable. Applying this 
concept means pumping cold water in an artificial 
fracture as well, but the injected water will be stored 

within the fracture during a certain time period. Later 
the heated water will be produced to use the 
geothermal energy for heating the Geozentrum. The 
returning cooled water is going to be stored meanwhile 
most likely in the shallow sandstone “Wealden”. Ideally 
a seasonal cyclic scheme should then be applied: 
Injection of cold water during summer time and 
production of hot water in winter.  
     The aims of ongoing investigations are to 
characterize hydraulic, mechanic and thermal 
properties of the bunter in the frac- and production 
layer. Also the storage layer has to be characterized 
especially concerning its hydraulic properties. In 
addition studies on the technical feasibility of thermal 
isolation in the borehole and geochemical analyses 
concerning the corrosion problem are done. 
In a next operation step the borehole walls in the 
chosen depths are going to be perforated and first 
hydraulic stimulation and injection tests will be 
conducted in the bunter and Wealden. After having 
predicted the fracture propagation and design the first 
hydraulic stimulation operation – a massive waterfrac - 
will be carried out. 
     Once having decided about the most applicable 
concept the heating system will be installed and 
started running with estimated 2 MW thermal 
performance in 2013. 
     The presentation is intended to give an overview on 
the conducted as well as still outstanding operations 
that contribute to the realisation of the GeneSys 
project. 
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ABSTRACT 
 
It is becoming apparent that in the future the demand 
for energy will outstrip the supply. This will become a 
global issue and may affect the stability of the 
economic growth and thus the political stability. Some 
industrial nations have visualized this scenario and 
started to put in place strategies which could helps to 
create indigenous energy resources. It is also 
recognized that these source may not appear 
commercially attractive initially, but over medium to 
long term as they become mature, will be able to 
compete with established resources. One of these 
strategic resources is Engineered Geothermal System. 
In 1986 an assessment was carried out by Energy 
Technology support Unit (ETSU) in conjunction with 
the Camborne School of Mines which indicated that a 
mature Engineered Geothermal System (EGS) 
technology could supply around 10% of the electricity 
demand in the UK for around 200 years. Similar 
studies have been carried out for the USA, Australia 
and others which show that there is a vast energy 
resource which can supply base load 24 hours a day 
continuously with virtually no effect on the 
environment.  
     Recent developments at the European EGS project 
in Soultz-sous-Forêts (Alsace, France) and the 
commercial development EGS at Landau, has given 
impetus to exploit the known resource in the UK. In the 
80’s the UK helped to pioneer the development of this 

technology by establishing ground rules for the 
migration of fluid in specific stress conditions, which 
are fundamental to the development of this technology. 
An International Conference on EGS (Hot Dry Rock) 
was organized in 1989 and the proceedings were 
published to highlight the resource available in the UK 
and the progress made to date on this technology 
(Baria, R., 1990). 
     In view of the large resource in the UK and the 
current state of the technology, a company has been 
established in the UK (EGS Energy Ltd) to exploit the 
EGS potential in the South West of England. EGS 
Energy Ltd organized two public meetings in 2009 to 
raise the awareness of geothermal potential in the UK 
which culminated in the UK government (DECC) 
allocating grants to encourage the EGS development 
in the UK.  
     A site has been selected by the EGS Energy Ltd, 
near St Austell in cooperation with the EDEN Project, 
to develop the first EGS commercial plant in the UK.   
It is expected that the drilling will commence in late 
autumn provided full funding is in place. It is planned to 
produce in the range of 3 - 4 MWe per plant and also 
to supply heat for space heating and other uses. This 
will be the first of many such plants as one 
accumulates the knowhow and thus exploit the full 
potential of geothermal energy. 
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SUMMARY 
 
The Perth Basin straddles Australia‘s south western 
coast where most of the State of Western Australia’s 
population of 2.3 million and power infrastructure are 
located.  This favourable location close to markets 
together with Perth Basin’s geothermal energy 
resource potential presents the opportunity to supply 
energy for electricity production and direct heat use 
including air-conditioning and desalination of water. 
     In 2008, the Government of Western Australia 
amended the onshore Petroleum Act to include rights 
to explore for and produce geothermal energy. The 
first geothermal exploration rights granted under this 
legislation were acquired by Green Rock Energy in the 
Perth Basin at the end of July 2009 after a competitive 
work program bidding process.  
     Knowlege of the extent and distribution of 
geothermal energy in the Perth Basin and its 
exploration and development is only at an early stage 
and may be 20 years behind the Rhine Graben. In 
both grabens the existing knowledge was mainly 
dervived from the petroleum industry. Like the Rhine 
Graben, there is a history of petroleum production from 
the Perth Basin.  Petroleum production started much 
earlier in the Rhine and ceased by the 1960’s but 
continues at present in the Perth Basin. Petroleum 
drilling commenced in the Perth Basin in the 1950s 
and resulted in the discovery of more than 13 oil and 
gas fields. Data derived from petroleum wells are 
rather sparsely distributed and focused in limited areas 
where petroleum fields have been discovered, mainly 
in the northern Perth Basin. Only 250 petroleum wells 
have been drilled and 23,985 km of 2D seismic and 
2,838 km2 of 3D seismic were acquired in the Perth 
Basin. 
     There are substantial geological differences 
between the Rhine Graben and Perth Basin, in 
particular the much younger age, shorter graben, 
thinner sedimentary pile thickness of the former and 
current tensional and seismically active tectonic stress 
regime of the Rhine Graben compared to the 
compressional and seismically inactive regime of the 
Perth Basin.  Even so there are important similarities in 
their structural setting, extensional tectonic origins, 
thick sedimentary successions overlying hot crystalline 
basements, high heat flows and evidence of the 

existence of substantial geothermal energy resource 
potential. 
     Both the Rhine Graben and Perth Basins are N-S 
trending sediment filled extensional rifts. The Perth 
rifting is over 200 Ma older and has a much thicker 
sediment fill. The Perth Basin is a 1,000 km long rift or 
half graben containing a thick sequence of sediments 
in places up to 15 kilometres deep. This rifting 
produced the series of deep, north-south trending rift 
basins along the western margin of the Yilgarn Craton.  
Sediment deposition commenced with extension 
during the Permian (~290 Ma) and continued to the 
Early Cretaceous (~138 Ma). The Basin was uplifted 
during the final separation of Western Australia and 
greater India during the breakup of Gondwana.  
     Rifting in the 300 km long Rhine Graben 
commenced much later in the Middle Eocene and 
graben sinking and shoulder lifting continues to this 
day with the maximum sediment fill being around 
3.4 km in the Upper Rhine Graben.  
     In contrast to the Rhine, the early extensional 
tectonic regime of the Perth Basin is now overprinted 
by an essentially compressional setting as the 
Australian plate migrates NW with a rotational 
component at the relatively fast geological rate of 
nearly 7 cm per year.  The contemporary stress regime 
for the Perth Basin has been interpreted to be a 
transitional reverse to strike-slip faulting stress regime 
with an approximate east-west maximum horizontal 
compression direction.  Stress field data for the Perth 
Basin are derived mainly from petroleum well borehole 
breakouts and drilling-induced tensile fractures from 34 
measurements as shown in the World Stress Map. 
This is important for targetting wells to tap critically 
stressed faults and fracture directions  
     Both basins have vertical structural asymetry with 
the sedimentary fill being geater in the eastern flank 
than the western flank and higher graben shoulders on 
the east flank in the case of the Rhine. This is 
considered to have important influences on regional 
ground water flow in the Rhine. Similarly the hills 
marking the NS Darling Fault forms the major western 
boundary fault of the Perth Basin and is also expected 
to have an influence on ground water flow. 
     Geothermal energy has been recovered from both 
sediments and granites in the Rhine Graben at Soultz 
sous Forêts and Landau. Thermal anomalies along the 
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western rim of the Rhine Graben have been attributed 
to enancement of background basal heat flow of 
80 mW/m2. There is considerable evidence for 
convective water flows in the Rhine Graben, 
particularly in the western flank where a pattern of 
adjacent hot and cold spots was found. This is 
considered to be the surface expression of deep 
convective geothermal systems. It is early days yet but 
evidence is emerging of convective flows in the 
shallow sedimentary sequences in the Perth Basin. it 
is not known if this reflects deeper convection. 
     With its thick sequences of sandstones, the 
presence of thermal insulating shales and coals and 
high heat flows the Perth Basin has potential to house 
geothermal energy resources in the form of hot 
sedimentary aquifers (HSA) and hot rocks. The source 
of the heat flows in the Perth Basin is thought to be 
radioactive basement rocks and radiogenic 
sedimentary horizons. The Perth Basin contains some 
of the worlds largest mineral sands deposits many of 
which are rich in thorium. 
     The highest known heat flows in the Perth Basin 
have been determined from petroleum wells in or near 
producing oil and gas fields in the northern Perth Basin 
where Green Rock holds nine Geothermal Exploration 
Permits near high voltage power grids connected to 
Perth’s major power markets. Heat flows exceed 
100 mW/m2 within these Permits. Temperatures of 
around 160 °C are expected in hot sedimentary 
aquifers at depths less than 4,000 m which is sufficient 
to generate electricity commercially at this location 
provided that sufficient geothermal water flow rates 
can be achieved. 
     Unlike Germany electricity generated from 
geothermal energy in Australia does not benefit from 
any feed in tariff arragement and retail electricity prices 
in Australia are substantially lower than Gemany‘s. 
However generators of renewable energy including 
geothermal energy are entitled under Federal 
legislation to sell Renewable Energy Certificates 
(REC’s) in addition to selling the electricity they 
generate. In the absence of feed in tariffs electricity is 
sold in Western Australia to utilities via power 
purchase agreements. 
     In the central Perth Basin near the city of Perth heat 
flows are lower and temperatures expected at depth 
are likely to be insufficient for commercial generation 
of electricity but should be adequate for direct heat 
uses such as purification of water by distillation and for 
air-conditioning of buildings. Within the Perth city area, 
where petroleum wells and deep seismic data are 
lacking, most of the useful data have come from deep 
water bores, the deepest of which extend to only about 
1000 metres.  
     Geothermal energy has been recovered from 
aquifers beween 750 and 1,000 metres deep in Green 
Rock’s Permit GEP1 in metropolitan Perth. This 
geothermal water is used to heat a number of major 

swimming centres including the Challenge Stadium 
Aquatic Centre where the World Swimming 
Championships have been held twice in the past 
decade.  
     To develop opportunities in GEP1, Green Rock 
Energy, plans to drill one production and one injection 
well at the Crawley campus of the University of 
Western Australia (UWA) to around 2 to 3 kilometres 
deep to recover geothermal energy from sandstone 
aquifers in the fluvial Yaragadee Formation and 
Cattamarra Coal Measures. Drilling wells to these 
depths should not present any particular difficulty as 
there is abundant history of petroleum wells drilled 
without significant problems in the Perth Basin. 
Preparatory site work and well design is underway to 
enable this drilling to be carried out in early 2011.  
Prior to drilling seismic acquisition will be completed to 
optimise well design and orientation.  
     The project is designed to replace a significant 
portion of the UWA’s electrical powered air-
conditioning with geothermal powered absorption 
chillers for its air-conditioning and heating needs. 
Commercial viability will depend on obtaining adequate 
geothermal temperatures and water flow rates from the 
sandstone aquifers at depth. Geothermal water 
temperatures of between 80 °C and 100 °C are 
required for commercial operation of the absorption 
chillers which will provide chilled water for the campus. 
Temperatures at the target depths should be adequate 
as indicated by heat flow estimates determined from 
temperature measurements in deep water bores within 
and adjacent to the Permit.  
     Financing of geothermal exploration project in 
Australia may differ from typical funding of projects in 
Germany. Most funds in Australia are obtained from 
shareholders in companies listed on the Australian 
Securities Exchange. Some companies including 
Green Rock Energy have been fortunate recently to be 
offered a grant, under the Federal Government’s 
competitive bidding process, of up to A$7 million each 
on a matching $1 for $1 dollar basis to help drill deep 
proof of concept wells and carry out flow testing. 
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ABSTRACT 
 
Today, the field of renewable energy is expected to 
cover a substantial part of the future growth in energy 
demand, and geothermal resources seem to offer the 
most constant and reliable form of energy supply in 
this arena. While current consumption and discovery 
rates of hydrocarbons in the standard oil and gas 
market will decrease over time, the highly 
sophisticated technologies for exploration and 
production that the oil and gas sector has developed 
over the last 150 years can be transferred directly to 
geothermal applications. 
     Keeping in mind that geothermal projects often take 
several decades before becoming economically 
successful, the geothermal industry relies on gained 
experiences made in the hydrocarbon industry. Cutting 
the costs for drilling and completion of geothermal 
projects is the key for operators who want to make 
their projects more attractive. 
 

Deploying today’s advanced drilling systems and 
production assets are a major step in shaving those 
project costs. However, to dramatically lower the 
overall costs of drilling and completing geothermal 
wells, new technologies must be developed. 
     This paper/presentation covers the history of the oil 
& gas industry yielding the consequent steps to cost 
improvement opportunities in geothermal applications. 
The CO2 reduction goals to be met by 2020 set by the 
German government have been expanding the use of 
geothermal energy in Germany and increased the 
weight of the emerging geothermal market segment, 
respectively. The development of enhanced drilling 
tools in combination with superior well designs and 
improvements of downhole pump systems specifically 
designed for the geothermal market will be helping to 
convey standard oil & gas applications to cost-efficient 
geothermal projects. 
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ABSTRACT 
 
In the present view of the stimulation process the 
granite is so intensely jointed that it can be regarded 
as an aggregate or soil. Accordingly the present 
models treat stimulation as a pressure diffusion 
process that initiates shearing at joints in which the 
pressure reaches the critical value determined by the 
Coulomb criterion. Shearing provokes dilation of the 
joints and results in an increased permeability of the 
rock mass.  This view of the stimulation process dates 
back to the early 1980´s and resulted in severe 
consequences: Boreholes were no longer drilled into 
the direction of the minimum horizontal stress but have 
rather been aligned along the direction the maximum 
horizontal stress. Long openhole sections were 
stimulated by injecting extremely large quantities of 
water instead of creating fractures in separated 
borehole sections with moderate fluid volumes. Heat 
exchanging area as a measure for the service life of a 
Hot-Dry-Rock system was replaced by the accessible 
rock volume, and fracture mechanics models have 
totally been ignored since than.  
     The presentation summarizes the most important 
observations of the major Hot-Dry-Rock projects of the 

past and comes to the conclusion that during 
stimulation large single fractures are being created by 
a process that is best be described as “shear-tensile 
fracture propagation”. This process leads to the 
formation of single large through-going fractures in a 
jointed and faulted rock mass at fluid pressures below 
the critical pressure required for tensile fracture 
propagation. These fractures are composed of shear 
fracture elements (natural joints or faults) and virgin 
tensile fracture elements. The former are determining 
their transport property (transmissibility), the latter their 
storage properties (fracture volume, fracture storage 
coefficient, tracer break-through volume). Their mean 
orientation is slightly off the direction of the 
intermediate principal stress and does not coincide 
with the orientation of the fault plane solutions 
obtained from shear events during the stimulation 
process. All this is in agreement with the observations 
made at different HDR-sites. It is therefore time to 
abandon the present understanding of the stimulation 
process and to re-invent fracture mechanic concepts in 
the design of future HDR-systems.  
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ABSTRACT  
 
The use of sustainable energy has considerably 
increased during the last decades and it will continue 
growing as a consequence of the governmental 
incentives focusing on a low-carbon society. 
One of the most promising sources of renewable 
energy is geothermal. This source of energy is 
currently used in 24 countries to produce electricity 
and in more than 72 countries geothermal energy is 
directly applied for heating, bathing, etc. 
In a geothermal project, pumping is often necessary in 
order to lift the hot brine to the surface, to increase the 
fluid pressure or simply to move the fluid from one 
place to another in the surface.  
The proper design and selection of the pumping 
technology is an important step to ensure a long run 
life of the geothermal system and to reach the 
economical objectives of a geothermal project.  
Electrical Submersible Pump (ESP) is one of the 
artificial lift technologies that can lift geothermal hot 
brine. In this paper, the current and future status of this 
technology, its advantages and limitations are 
introduced and explained.  
 
Introduction 
 
Currently the world puts a strong focus on stimulating 
“green energy” to decrease our dependence on fossil 
fuels and to cope with the global warming by 
decreasing greenhouse gas emissions. 
 
“Climate change concerns coupled with high oil prices, 
peak oil and increasing government support are driving 
increasing renewable energy legislation, incentives 
and commercialization.”  

(from United Nations Environment Programme). 
 
The main forms of renewable energy forms are wind 
power, hydroelectricity, bio fuel (bio fuel/mass/gas), 
solar power, tidal power, waste water (chemical 
process) and geothermal heat. The focus of this paper  
is on geothermal energy considering it is among the 
cheapest options. 
 
By looking at the geothermal map of Europe (fig.1), it 
can be realized that there are a lot of potential areas 
that can be used as a source of geothermal energy 
which  can  be  translated  either  into  heat  or  electric   

generation though EGS (Enhance Geothermal 
System) or ORC (Organic Rankine Cycle).  
 

 
 

Fig. 1: Geothermal map of Europe 
 
The definition of geothermal energy is the energy 
contained as heat in the Earth’s interior. In order to use 
this energy, production wells are drilled in specific 
areas on the earth where geothermal  brine flows 
naturally and/or they can be lifted by using an artificial 
method i.e. pump. 
Pumping is often necessary in order to get geothermal 
fluid to surface. Pumping is sometime required to 
increase pressure or move the fluids from one place to 
another place once they are on the surface. Line shaft 
pump and electrical submersible pump are the two 
common technologies that are widely used in 
geothermal application. 
 
Electrical Submersible Pump 
 
An electrical submersible pump (ESP) system consists 
of a multistage down hole centrifugal pump, a down 
hole motor, a protector section  (also called seal) 
between the pump and motor and an electrical cable 
extending from the motor to the surface power supply. 
A variable speed drive can be used to regulate the flow 
rate and ensure that the electrical submersible pump is 
running within its recommended operating range. 
However, the standard electrical submersible system 
is limited to a bottom hole fluid temperature of 150 deg 
C and the hotline 550 family can withstand a 
bottomhole fluid temperature up to 218 deg C, while 
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above this temperature, the ESP can’t longer be used 
as the steam will be produced instead of hot 
water/liquid. 
One of the important factors that defines the 
accelerated investment in geothermal will depend on 
the development of a pump technology that is able to 
provide a high flowrate at high temperatures. 
 

 
 

Fig. 2: – Typical ESP string 
 

Pump 
 
An electrical submersible pump is built from several 
stages stacked together in a housing. Each stage 
consists of an impeller which rotates together with the 
shaft, and a diffuser which contains the impeller and 
converts the kinetic energy from the impeller into 
potential energy, creating the head/pressure that 
allows the fluid to be lifted. 
The stages can be constructed in floater and in 
compression types. In the floater configuration, in no 
flow condition, the impeller sits on top of diffuser while 
in operating condition the impeller has the ability to 
move freely in the diffuser, depending on the thrust 
acting on them. Although they have a simpler 
construction, floater pumps have a defined operating 
range and can wear the downthrust washers when 
operated out with this operating range in low flow 
conditions. In the compression configuration, the 
impellers are all stacked together so they move as one 
and the shaft on which they are keyed too is shimmed 
to the protector so that all the impellers are lifted 
slightly and all the down thrust loading is taken on the 
thrust bearing which is located within the protector 
housing. Hence, this configuration can safely operate 
far below the recommended operating range. However 
we need to ensure sufficient flow to assist motor 
cooling. 
Schlumberger portfolio has pumps which can produce 
up to 14000 m³/day or approximately 160 l/s. They are 
available in several configurations to provide the 

flexibility and certain features to accommodate a 
variety of applications.  

 
 

Fig. 3: Illustration of an ESP radial flow stage 
 
The standard housing metallurgy is carbon steel with 
possibility to be coated.  For extreme corrosive 
environments, housing metallurgy is 9Cr-1Mo with 
head and base made of 316 stainless steel or 22Cr 
duplex stainless steel. The material of the stages can 
be the standard Ni Resist or 5530 material, the latter 
with improved performance in erosive conditions.  
The bearings and sleeves selection process is 
normally a compromise between the hardness, that 
helps to prevent erosion from fines and debris, and 
brittleness, which tends to break bearings. In case of 
sand presence, then the bearing material should be 
chosen to be resistant to sand abrasion. 
There are many possible materials for bearing and 
sleeves. Standard abrasion resistant pumps use 
zirconia bearings and sleeves. However harder 
materials such as silicon carbine and tungsten carbide 
will be use as required. The bearings can be located 
only in the head and in the base of the pump for wells 
with no abrasion problems, spaced at every certain 
number of stages throughout the pump or at every 
stage in a full bearing housing for extreme cases. 
 
Protector 
 
The main functions of the protector are (1) to act as an 
insulator keeping the well fluid out of the motor; (2) to 
carry the downthrust from the pump; (3) to couple 
the torque developed in the motor to the pump and 
finally (4) to equalize the pressure between the 
wellbore and the motor. 
There are three main types of protectors chambers: 
the labyrinth, the positive seal or bag and the metal 
bellows. 
The labyrinth design uses the difference in density of 
the motor oil and the fluid in the well to keep them 
apart even if they are in direct contact with each other. 
The well fluid is normally immiscible with the motor oil 
so, although there is direct contact, there is no 
tendency to contaminate the motor oil. It is important to 
notice that the motor oil is always selected taking the 
well fluid specific gravity in consideration. In case of 
the well fluid is lighter than the motor oil, then this kind 
of protector can not be used. Labyrinth protectors 
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provide excellent results in water wells, are cheaper to 
manufacture and can be reused. However, it is not 
recommended for wells with a deviation higher than 45 
degrees. 
The positive seal design use bags made of high 
performance elastomer (chemraz, aflas, vitton, HSN) 
that are able to withstand the extreme downhole 
environments typically encountered. The bag keeps 
the well fluid on the outside and the clean motor oil on 
the inside and it expands or contracts to accommodate 
the change in volume. In this kind of protector, there is 
no contact between the motor oil and the well fluid, 
hence there is no restriction in the well fluid specific 
gravity and it is suitable for both vertical and high 
deviated wells. However, high temperatures and high 
contents of H2S can attack the elastomer. 
 

 
 

 Fig. 4: Types of protectors 
 

The third type of protector is called metal bellow. It 
operates using the same principle as a positive seal, 
however, instead of using a bag made of elastomer, 
metal bellows replaces the elastomer. This extends the 
maximum operating temperature limit far beyond the 
elastomer bag type with the advantage that metal 
bellows can withstand chemical attacks. 
The hotline 550 advance protector has metal bellows 
as optional. The advance protector is equipped with a 
check valve that allows well fluid to get in the bellows if 
the oil contraction exceeds the protector oil capacity. 
The check valve is likely to operate while pulling out of 
the well. 
Practically all the protectors nowadays are modular. In 
this case, the protector is made by adding up labyrinth 
or/and positive seals or metal bellow chambers to 
provide redundancy in case one of the chambers fails. 
Labyrinth chambers can be added in series and bags 
or metal bellow chambers can be added in series or 
parallel. For example a protector type LSBPB means 
labyrinth series bag parallel bag. It is also common for 
high horse power motors to use dual protectors, for 
example, two LSBPB in tandem which increase the 
area for expansion and which has a larger oil volume. 

As a result there will be an increase in the reliability of 
the system. 
 
Motor 
 
The electrical motors for use with electrical 
submersible pumps are typically Alternating Current 
(AC), 3 phase, two poles, squirrel cage induction 
motor. A motor consists of one or more sets of stator 
and rotors assembly. For each stator a wire is carefully 
hand winded around the stator laminations in three 
phases. Each rotor within the rotor assembly is also 
made of laminations that create the iron core. Inside 
each lamination slot there are copper bars with 
supporting copper end rings. When energized, the 
stator will generate a magnetic field that interacts with 
the rotor magnetic field bringing the rotor almost into 
synchronization with the stator's field. 

 
Fig. 5: ESP Motor components  

 
The applied voltage varies linearly according to the 
running frequency. Because of that the same motor 
can have different nameplates (voltage, current, horse 
power) at 50 Hz or 60 Hz, however the voltage to hertz 
relation is always constant. At the top of the motor 
there is a thrust bearing whose purpose is to hold the 
weight of the entire rotor string. The interior of the 
motor is filled with non conductive dielectric oil. 
Typically, the voltage in an electrical submersible 
pump motor can vary from some hundreds of volts for 
small motors up to around 4000 V, which is currently 
the limit for the insulation at the pothead region. Higher 
voltage motors are preferred to reduce the amperage, 
the recommended cable cross-section and the cable 
voltage drop.  
The motor cooling is performed by the well fluid 
running along the motor housing. In this case, the 
motor heat is transferred to the fluid cooling the motor. 
Therefore, an electrical submersible pump must be 
placed above the well perforations or region of inflow. 
If this is not the case, then a shroud must cover the 
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motor to assure that the well fluid will cool the motor 
housing before reaching the intake. 
The standard motor available in today portfolio, called 
dominator, can withstand bottomhole temperatures up 
to 150 deg C and the highest available power is 1500 
HP at 60 Hz. In this family, the maximum external 
diameter of the motors is 7.38 inches. In order to 
control the installation risk, in standard applications 
Schlumberger has developed the maximus technology 
with plug and play capabilities and already pre-filled 
from factory. This family of motors can handle 
bottomhole temperatures up to 177 deg C, however it 
is limited to 900 HP at 60 Hz because, in this case, the 
maximum external diameter of the motors is 5.62 
inches. In higher temperature applications the hotline 
550 family is available. This family can provide a 
maximum of 320 HP at 60 Hz and can handle 
bottomhole temperatures below 218 deg C. In this 
family the maximum external diameter for the motors is 
also 5.62 inches. The reason for the lower power 
availability in the hotline 550family is because, in the 
both maximus and dominator families, two or three 
motor sections can be attached in tandem 
configuration increasing the total power. However, it is 
not possible in the hotline 550 family. 
 

Tab. 1: ESP summary by family  
 

 
 

 
Monitoring equipment  
 
A downhole sensor provides the engineers with 
powerful information to perform analysis, diagnosis 
and optimization of the electrical submersible pump 
system and inflow conditions. 
For high temperatures there are available two types of 
downhole sensors.  
The first and preferable option is a standard sensor 
which is coupled below the electrical submersible 
pump and is able to measure the following parameters: 
temperature, pressure and three-axis vibration at the 
different points (annulus, intake, discharge head and 
sandface), motor winding temperature, motor three-
axis vibration, motor y-point voltage and current 

leakage. This sensor gives the capability to perform 
nodal analysis to provide a better monitoring and or 
surveillance for the performance of the electrical 
submersible pump The data transmission to the 
surface is performed by superimposing the electrical 
signal on the electrical submersible pump power cable 
therefore no additional cable is necessary. This kind of 
sensor can withstand temperatures up to 150 deg C 
and the transmission rate varies from 6 s to 31 s 
according to the parameter. 
 

 
 

Fig. 6: ESP Downhole Sensor 
 

Alternatively, for higher temperature rates there is the 
possibility to run a fiber optic inside a control line along 
the tubings and the electrical submersible pump string. 
In this case, the parameters to be measured are  
pressure, acoustic and temperature, this last 
parameter is measured every meter along all the 
wellbore. The system is rated to 300 deg C. 
 

 
Fig. 7: Schlumberger Sensa fiber optic sensor output 
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Cable 
 
There are innumerous factors that must be taken in 
consideration while selecting a cable for electrical 
submersible pump applications: 
● Motor voltage and current; 
● Well temperature; 
● Downhole pressure; 
● Gas migration; 
● Corrosion resistance; 
● Damage resistance; 
● Cost. 
 
In addition to that, there is a wide range of materials 
with different properties for the various components of 
a cable. This fact leads innumerous possibilities of 
cable profiles. 
  

 
 

Fig. 8: Cable components 
 

The armor is the most external component. It provides 
mechanical protection and it protects the cable against 
swelling. The standard materials for the armor are: 
monel, stainless steel (316) and galvanized steel. 
Monel has the best corrosion resistance followed by 
stainless steel. 
Schlumberger has designed two families of cable for 
high temperature environments: the redamax and the 
redalead families, which can be built in round or flat 
configuration. 
 

 

 
 

Fig. 9: Example of redalead round and flat cables  
 
The first family can use two different materials for the 
insulation: high temperature nitrile or EPDM (Ethylene 
Propylene Diene Methylene), a rubber compounding 
with excellent high temperature properties. The option 
to have tape and braid barrier provides some degree 
of protection against gas decompression effect. The 
redamax temperature limit varies from 121 deg C up to 
177 deg C.  

The redamax temperature limit varies from 121 deg C 
up to 177 deg C.  
The redalead family has a higher temperature rating 
that varies from 202 deg C up to 220 deg C. It also 
utilizes EPDM insulation and it has an impervious lead 
barrier that prevents failure from chemical attack and 
gas decompression, ensuring superior performance in 
high-temperature wells with hostile environments. 
A Motor Lead Extension (MLE) is a special flat cable 
that is spliced to the main cable some meters before it 
reaches the beginning of the electrical submersible 
pump string. This short section requires a premium 
cable because it is submitted to casing friction during 
the run in hole process, it is submitted to a higher wear 
and corrosion in the intake region and it is subjected to 
higher temperatures. 
 

Table 2: Cable options 
 

 
 

Surface Equipment 
 
Typical surface equipment are: step-down transformer, 
variable speed drive with motor controller, step-up 
transformer and downhole sensor acquisition unit. 
The variable speed drive is a frequency converter. The 
input is typically any voltage up to 480 V and the 
output is a sinusoidal wave at the desired frequency 
and voltage (always below the input voltage). By using 
a variable speed drive the electrical submersible pump 
is able to operate across a wider range because the 
characteristics of the pump vary according to the 
running frequency. Therefore, it is possible to change 
the electrical submersible pump characteristics to 
match changes in the reservoir parameters or 
production targets, putting electrical submersible pump 
always operating near the best efficiency point. 
A step-down transformer is necessary if the input 
voltage is higher than the variable speed drive voltage 
rating and a step-up transformer is needed if the 
electrical submersible pump surface voltage is higher 
than the variable speed drive output voltage. 
Variable Speed Drives are typically available in 
different models up to about 1500 KVA. For system 
requirements above 500 KVA it is also possible to use 
a Medium Voltage Drive (MVD). Medium voltage 
drives have the same function as a variable speed 
drive, however they operate in the medium voltage 
region (above 600V) and because of that they can 
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decrease internal losses improving the system 
efficiency. Medium voltage drives have a built in step-
down transformer and do not require step-up 
transformer. The normal output voltage value is 
adjustable at any value between 0 V and 4160 V while 
the input value is fixed according to the available 
power voltage at any value between 480 V and 18.8 
kV. 
For both variable speed drives and medium voltage 
drives there are different options of input and output 
filters and devices available in order to decrease the 
total harmonic distortion and comply with international 
standards for instance the IEEE-519 or IEC-1000. 
A surface acquisition unit is necessary to filter the 
signal generated by the downhole sensor and to 
register the measured values in a memory device. 
Modern site controllers integrate the function of a 
motor controller, variable speed drive controller and 
surface acquisition unit in a single device. They have 
standard analogical and digital inputs to communicate 
with other devices, for example digital well head 
pressure and temperature sensors. It is also possible 
to set alarms and trip points for any measured 
parameter and to connect the site controller to a 
supervisory system (SCADA) by using a network 
interface. 
 
Geothermal Installations in Europe 
 

 
 
Fig. 10: Schlumberger ESP installations for geothermal wells 

in Europe. (note: some sites have more than one ESP) 
 

In Europe Schlumberger performed more than 20 
electrical submersible pump installations for 
geothermal wells in Austria, France, Germany, Italy 
and Poland. One of the installations was for power 
generation while all the other involved direct use 
application for heating purposes whose bottom hole 
temperature vary from 85 deg C to 141 deg C and the 
flowrate vary from 400 m³/day to 6720 m³/day. 
 
The Soultz Project 
 
The European EGS (Enhanced Geothermal Systems) 
Project, located in Soultz-sous-Forêts, France, near 
the French-German border, is a research project 

sponsored by European funds. The objective of this 
project is to produce electricity, by using a 1.5 MWe 
ORC (Organic Rankine Cycle) conversion module, 
from the heat contained in a granite reservoir, that was 
hydraulically and chemically stimulated to improve the 
initial low permeability. The multi-well geothermal 
system consists of two lateral production wells, from 
where the geothermal fluid is produced and a central 
well for reinjection of the cooled fluid closing the loop. 
The bottom hole distance from each production well to 
the injection well is around 700 m and the depth is 
about 4000 m. Because the artesian pressure was not 
enough to provide the desired flowrate, it was 
necessary to install an artificial lift method.  
Two pumping technologies were selected: a line shaft 
pump and an electrical submersible pump.  
The line shaft pump was installed in the well GPK2 at 
a depth of 350 m and it was expected a maximum 
flowrate of 35 l/s. At the same time a Schlumberger 
electrical submersible pump was installed in the well 
GPK4. The electrical submersible pump was expected 
to operate at a downhole temperature of 185 deg C 
and the maximum expected flowrate for this well was 
25 l/s, however the electrical submersible pump was 
designed to handle up to 40 l/s . The initial plan was to 
leave the system running for a test period of 6 months. 
The brine was very salty and therefore corrosive. 
Schlumberger provided an electrical submersible string 
solution with the following characteristics: 
 
● Hotline 550 family equipment; 
● 9Cr 1Mb housing material coated with Inconel 625;  
● Head and bases made of 25 Cr Duplex Stainless Steel; 
● Pump stages material is 5530;  
● Advanced protector (labyrinth chambers only); 
● Chemraz O-rings; 
● Inconel 625 shaft material for the pump and protectors; 
● 4130 steel material for the motor shaft; 
● Redalead cable, monel, with peek and kapton insulation;  
● Fiber optic sensor for temperature; 
 
The electrical submersible pump started successfully 
within the expected flow rate of 25 l/s. However, after 
few days the inflow was reduced by half to 12.5 l/s. 
The electrical submersible pump run for a little more 
than one year before failing. It is not clear the root 
cause of failure because the string was not pulled from 
the well and a dismantle and failure analysis has not 
yet been performed. One hypothesis is that the low 
flowrate impacted the motor cooling. As a 
consequence the motor overheated above its limit 
potentially melting the internal insulation and causing a 
short-cut.  
For comparison purposes, during the first years the 
line shaft pump failed three times. 
 
Hotline 550 Family Record Worldwide 
 
The hotline 550 family was launched by Schlumberger 
in 2003 and up to date there were more than hundred 
installations of electrical submersible pumps from this 
family, most of them in Canada and Oman. During this 
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period, there was a huge improvement in run life from 
an average of 330 days in 2003 to 851 days in 2009. 
 

 
 

Fig. 11: Hotline 550 run life (days) improvement since 2003.  
 

Future Perspectives 
 
The limitation of the motor families that are currently in 
the market is basically the ability to provide high horse 
power in a high temperature environment. 
Schlumberger has performed many researches and it 
is developing a new hotline family with improved 
characteristics: 
 
● 7.38 inches motor diameter; 
● 250 deg C of bottomhole temperature; 
● 1000 HP available power; 
● 7kV motor voltage; 
● 8kV rated power cable and sensor. 
 
New materials and components were already 
developed, however they are still under field trial and 
should be commercialized soon. 
 
Conclusions 
 
This paper demonstrates that it is viable to use 
electrical submersible pumps as an artificial lift 
technology for geothermal applications. 

The electrical submersible pump technology was 
introduced here and its advantages and limitations 
were presented. 
Currently, the ability to provide high horse power in 
high temperature environments (above 177 deg C) is 
limited by the maximum motor horse power available 
in the market (320 HP). However, new materials and 
technologies are currently under development and field 
trials. A new family of motors is expected to be 
launched commercially in the near future increasing 
not only the motor horse power availability but also 
extending the its temperature limits. 
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ABSTRACT 
 
The Downhole Geothermal Lineshaft Pump has been 
the mainstay of production wells in the United States 
for some 30 years utilized very successfully in primarily 
binary power plants but on occasion, dual flash plants 
as well. These pumps are highly specialized with only 
passing resemblance to that of water well pumps, 
whose technology is over 100 years old, and those in 
Icelandic applications. Whereas commercial electric 
power generated from geothermal energy is well 
established and growing in the United States and 
elsewhere, most of Europe is only now at the cusp of 
such endeavors. To date, only one such pump has 
been applied in the European marketplace: The Geox / 
BESTEC power plant in Landau in der Pfalz, Germany 
which has been operating since November, 2007.  
     It is the intent of this article to introduce the 
European geothermal industry with that of the 
Downhole Geothermal Pump in terms of its basic 
mechanics, hydraulics, advantages and limitations. 
 
History of the Lineshaft Vertical Turbine Pump 
 
The concept and application of an impact turbine type 
centrifugal pump in a vertical configuration is very old 
dating at least back to the 1870s. Even though the 
hydrodynamics, physics and mechanics of centrifugal 
pumps were fairly well understood, putting such a 
pump in a vertical configuration greatly complicated 
what was known into practical use. Vertical turbine 
lineshaft pumps remained limited in applications until 
the early 1900s when they first became attempted for 
pumping shallow water wells. The great shortcoming of 
these pumps was adequate depth for reaching the 
water table and the need for such was great in the 
Western United States which was mostly arid, dry and 
uninhabitable. In the California circa 1905, oil 
lubrication was developed which allowed these pumps 
to reach depths of 100-200 meters. A boom was 
created for well drilling and these oil-lubricated 
lineshaft turbine pumps became directly responsible 
for the growth of civilization and agriculture where such 
was not possible before. The boom, however, 
preceded engineering knowledge. It was because of 
the boom but not until the late 1940s-early 1950s that 

most of the principles of these pumps became well 
understood. 
     By the 1950s, oil-lubricated lineshaft pumps were 
extremely common, reliable and the preferred method 
of water well pumping (setting depths to 240-300 m) 
throughout the Western Hemisphere, the Middle East 
and elsewhere around the world. With and without oil 
lubrication, these pumps became common in many 
industrial applications for oil & gas, refining, mining, 
power generation, waste water and elsewhere.  
     The point of this brief history is simply to state that 
the basic technology of these water well pumps has 
actually changed little since the 1950s but it is well 
understood technology and, for various reasons, never 
really proliferated in Europe. To equate these simple 
water well pumps to that of a downhole lineshaft 
geothermal pump, however, is like drawing the 
comparison between a bow and arrow to today's 
guided missile. The hydrodynamic and thermodynamic 
considerations alone to develop a commercially viable 
geothermal pump required a whole new evolution of 
engineering where actual field experience has played 
the most critical component. 
 
Evolution to State of the Art Downhole Geothermal 
Lineshaft Pumps (LSP) in U.S.  
(Figures 1 and 5) 
 
The very first application of downhole geothermal 
LSPs were at the world's first binary power plant in 
East Mesa, California in the late 1970s. The 5 pumps 
installed were “12 inch”-16 stage pumps set at 244-
305 meters (800-1000 ft) and designed to produce 
39.7 l/sec (750 US GPM) of 182 C (360 F) brine at 400 
meters head (1310 ft). Unfortunately, these units were 
nothing more than simple water well pumps with a few 
minor modifications and operating life was limited to 
just 30 rotating days before failure. (The manufacturer 
no longer participates in the supply of such pumps). 
Several issues complicating the matter:  East Mesa 
was notorious for extreme amounts of formation 
sands; dissimilar brines from disparate production 
zones and it's mixed chemistry was not yet 
understood; determining the non-condensable gas 
(NCG) break-out point had not yet been reliably tested; 
the thermodynamics effecting the pump elements were 
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not well understood and greatly affected methodology 
for installation amd start-up as well. After failure of one 
of the above pumps, the author was introduced and 
allowed to experiment by changing some wear part 
materials and re-machining the bowls (volute casings) 
and impellers. A revised methodology for installation 
and start-up was also commissioned. The subsequent 
result was operating life was increased to 420 rotating 
days. As pumps failed, other experiments were 
attempted. Some succeeded but while others failed, 
they provided a better grasp as to understanding the 
forces and dynamics involved. Eventually, all of the 
original pumps were replaced by a considerably radical 
design by the author.  
     The design of the downhole geothermal LSP has 
evolved over the years … greater resistance to wear, 
deeper settings, higher temperatures, greater speed 
variations, greater pump life. Likewise a greater 
understanding of the physics and thermodynamics has 
been applied as has specialized methodology for 
installations, start-ups and operation. Notwithstanding, 
some of the designs that are some 20 years old or 
greater are still in service today. Whether a current 
state of the art Goulds Pump or 25 year old 
technology, the knowledge of how to successfully 
design, install, start and operate downhole LSPs (or 
any geothermal pump) is highly specialized and has 
been earned by practical experience. Often success 
may be resource or even well specific. The designs of 
such pumps are strictly held as proprietary and the 
knowledge to properly install, start and operate such 
pumps is exclusive to only a few and those site 
trained. 
     In the United States there are currently some 190 
Downhole Geothermal LSPs in operation throughout 
California, Nevada, Utah and Idaho. All of these are 
the designs of Frost Consulting Group and nearly 90% 
are of ITT Goulds Pumps manufacture. The success of 
the geothermal industry in the United States is directly 
proportional to the success of these pumps. Service 
and minimizing downtime are critical elements to the 
marketplace. Currently Goulds Pumps can rebuild or 
replace the “pump” (bowl assembly) within 3-5 days. A 
complete unit (surface to bottom) can typically be 
manufactured in 6 weeks or less with the electric motor 
supplied within 8 weeks (800 HP) or 16-22 weeks 
(1000-1500 HP). 
 
Downhole Geothermal LSP Life 
 
The life of a Downhole Geothermal LSP is not easily 
ascertained. There is no correlation between 
temperature and pump life. Pump life is determined, 
however, by several factors. Assuming proper 
installation and start-up, premature wear or failure is 
largely a function of: (a) Pump properly sized to well 
characteristics (flow rate, drawdown) if operated at a 
fixed speed (b) the concentration of abrasive particles 
from the formation (c) and/or “operator error”. A newly 
drilled well will always produce more cuttings and 
sands then subsequent installations. “Sands” (or 

granite, tuft or other formation materials) are common 
and the pump designed for such. Nevertheless, 
concentrations can be very high. Some wells take 
production from zones of dissimilar brine chemistry 
and temperature. In spite of adequate pressures to 
prevent flashing, weakly bonded but abrasive calcium 
carbonate scale may form. VFD operation can 
eliminate or reduce (a) and (b) concerns. (In the case 
of dissimilar brine production, chemical injection below 
the pump suction is highly successful). Operator error 
can encompass failure of support systems (lube oil, 
cooling water) but is rare. Operator error may be 
improper pre-heating, improper spacing of impellers, 
insufficient pressures to prevent flashing, or, most 
typically, failure to note trends or operation outside of 
an acceptable window and taking corrective steps. 
     Historically, pumps in extremely abrasive 
installations with constant full load 60 Hz speed (1785 
RPM) have been as little as 1-3 years but may last as 
long as 8-10 years. Other pumps in less hostile 
environments have operated at the same constant 
speed for 15 years or longer with minimal degradation 
in performance.  
     At least 20% of the time when a pump is pulled, 
wear may only account for a 1-3% degradation in 
performance (and may not be noticeable at surface) 
with the pump actually pulled due to instrumentation 
error. The flow meter is typically the most notorious 
culprit for error. The stack up of instrumentation 
tolerances under best conditions may yield a 5-10% 
error when performance is compared to a predicted 
pump performance curve. VFD driven units also 
should utilize tachometer readings of the pump shaft. 
A typical VFD will mathematically convert Hertz to 
RPM but does not allow for slip in the motor (3-5%). 
     As stated above, temperature has no correlation to 
operating life for these pumps. The Downhole 
Geothermal LSP has a theoretical temperature limit of 
260 C (500 F) and has field experience in the 
194-216 C (380-420 F) operating range. In actuality 
the temperature limit becomes dictated by the dynamic 
water level plus sufficient suction pressure that may 
well exceed the setting depth limitation. ESPs may be 
set to adequate depths for greater temperature 
appications but in reality have a much lower practical 
temperature limitation due to heat exposure to cable, 
thrust bearing, seal and motor windings. Relatively 
successful but short lived ESPs in geothermal 
applications have generally been of low flow, low 
horsepower demands in wells of less than 149 C 
(300 F). Typically even though failure may have been 
due to the cable, these ESP pumps (bowls, impellers) 
have not faired well with even short term rotation in 
spite of employing higher alloys. 
 
Basic Mechanics  
(Figures 1, 2, 3, 4 and 5) 
 
On the most basic level, the Downhole Geothermal 
LSP operates the same as the water well lineshaft 
pumps of 100 years: The impellers are submerged 
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providing NSPH. The numbers of stages determines 
the amount of head produced. An electric motor at 
surface turns an oil lubricated lineshaft all the way 
down to the impellers within their casing volutes 
(bowls). The impellers push the fluid out from the well 
and draws from the surrounding formation/reservoir. 
As it does so, the static water level is drawn down to a 
dynamic level and the pressure at surface is balanced 
out against the system needs. The produced brine 
travels up inside the “column pipe” to surface. 
     The lineshafting which travels from surface down to 
the pump stages is enclosed within tubing with 
bearings every 1.524 m. Collectively, the lineshafting, 
bearings and enclosing tubes are commonly referred 
to as the “lubestring”. The lubestring is flooded with oil 
prior to start-up and pressure fed during operation 
typically at a rate of 11.4-18.9 l/day (3-5 gallons/day). 
This is accomplished by a very simple system via a 
positive displacement pump. The spent lubricating oil 
is dispersed into the wellbore (annulus) above the 
uppermost stage of the pump. As oil floats, this oil is 
not typically drawn into the pump suction (and 
consequently re-injected) but rather collects at the top 
of the water level. In most applications, the spent oil 
may be evacuated from the well periodically: Simply 
shut down the pump, open an annulus valve and the 
well will flow out the spent oil for disposal. (This is a 
routine procedure at several sites including Landau). 
Notwithstanding, an oil return to surface design is 
currently being designed. The option of a product 
(brine) lubricated “lubestring” is certainly possible but 
is in reality not practical due to extreme cost and 
greatly reduced pump life reliability. Likewise, the 
option of lubrication by deoxygenized mineral free 
water is expensive, impractical and has a less severe 
impact on reliability. (This has been used with success 
in water well like Icelandic pumps but is not applicable 
to typical geothermal applications as the interface 
between dissimilar fluids results in abrasive 
precipitation in spite of sufficient pressures). 
     The single most important concern for properly 
designing any downhole pump is the axiom: “A pump 
will always operate at the point at which its 
performance curve intersects the system-head curve”. 
This axiom holds true whether the pump is reduced or 
increased in speed, valve throttled or even wears out. 
For downhole pumps, the system-head curve is 
overwhelming dictated by the pressure balance 
required at surface plus the varying dynamic lift to 
surface at the varying flow rate. If free flow test data in 
determining single phase flow for the pump is largely 
questionable, the recommendation for Variable 
Frequency Drive provides great advantages. 
     As a result of producing head, all vertical pumps will 
generate an unbalanced pressure at a given flow rate 
and speed above and below each impeller. This 
results in a downthrust load which is carried by the 
motor thrust bearing but yields a dynamic net 
elongation of the shafting. Thrust balanced impellers 
which reduce the thrust load are not advised for 
several reasons. Thrust actually works to the 

advantage of the LSP. Assuming proper tensioning of 
the enclosing tube surrounding the shaft, tensioning 
and downthrust work in concert to minimize wear. It is 
not untypical for lineshafting and bearings to last 15 
years with proper lubrication). The net elongation of 
the shafting (typically referred to RSS or relative shaft 
stretch) becomes largely a function of setting depth 
and the head produced by the pump. The RSS can be 
readily calculated but only at thermal equilibrium. The 
total travel of the impellers within the bowls or axial 
endplay is commonly referred to as “lateral”. The 
lateral of the pump must be greater than the RSS of 
the pump with additional allowances for linear thermal 
expansion. Although the pipe, enclosing tube and 
lineshafting are of the same material (slightly different 
alloys) and their coefficients of linear thermal 
expansion are nearly the same, their exposure to 
temperature differs considerably. The adjustment 
(setting of the) impellers must account for this. (The 
impeller setting adjustment is made at the top of the 
electric motor). Pre-heating the pump eliminates much 
but likely not all of these concerns. Pre-heating of the 
pump must be accomplished by flowing the well out 
through the pump (not the annulus) or by flowing down 
through the pump from the production line (by-pass 
around check valve). Following pre-heating, the 
impellers may be set and the pump initially started. 
Typically within a 24 hour period, the pump should be 
shut down; the position of the impellers should be 
checked and/or adjusted to account for thermal 
equilibrium. This is referred to as “hot spacing”. If pre-
heating is not possible (and depending upon the RSS 
and change in temperature), at least two or three 
adjustments of the impellers may be required. A VFD 
is beneficial but not necessary as the pump can be 
initially started at a slower RPM and therefore a lower 
RSS until thermal equilibrium is achieved. 
     At surface, the mechanical seal about the shaft 
seals against the lube oil and not brine. Since the 
thrust bearing in the motor requires water cooling to 
dissipate the heat generated by the thrust load, cooling 
water is also plumbed into jackets surrounding the 
stuffing box. Therefore, the stuffing box and 
mechanical seal run cool and do not see produced 
brine temperature.  
     The electric motor, other than specific specifications 
for geothermal, is in design a relatively common motor 
in the United States and elsewhere in the world. It is 
not, however, common in Europe. These motors differ 
primarily in two respects: The motor has an oil bath-
water cooled spherical roller thrust bearing riding on a 
bored out drive shaft; hence, the name “Vertical Hollow 
Shaft” (or VHS). A pump shaft travels through the 
motor’s hollow shaft and is keyed at the top. 
Immediately above this, sits a nut threaded onto the 
pump shaft. The setting of the impellers is made by 
adjustments to this nut. The axial travel of this shaft 
may be several inches (cm) and therefore necessitates 
the VHS motor design as opposed to a Vertical Solid 
Shaft (VSS) motor where the position of the coupling 
and allowances for axially adjustments are inadequate. 
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Downhole Lineshaft Pump versus  
Electric Submersible Pump 
(Figures 6 and 7) 
 
The distinctions in how the LSP and the ESP pumps 
are constructed (location of motor, seal, thrust bearing, 
cable, etc.) is obvious. However, these two different 
pumps have evolved seperately from one another in 
response to different historical roots. Whereas the LSP 
had its roots in response to the water well demand in 
the early 1900s, the ESP had its roots in the demand 
for the oil fields of the 1930s. As these two seemingly 
similar pumps evolved, they did so quite 
independently. The designs of these pumps are quite 
different in terms of their impellers, bowls and 
bearings, shafting, and mechanics in general. LSP 
evolved for pumping large volumes of often sandy 
water from relatively large diameter wells of relatively 
shallow depths. Conversely. the ESP evolved for 
pumping relatively low volumes of oil from very deep 
small diameter wells. Both the mechnical and hydraulic 
engineering of the LSP and the ESP are as a result 
quite different. 
In either case, applying a LSP or an ESP (or even a 
downhole steam tubine) into a geothermal well has 
proven throughout history to be no simple task. No 
less than 5 reputable manufacturers have attempted 
such, failed after numerous attempts and costly 
warranties, and no longer attempt to sell a product for 
downhole geothermal pumping. Simply "ugrading" 
materials and reconfiguring tolerances often has 
seemingly counterintuitive and disasterous results. The 
mechanical as well as hydraulic engineering must be 
born of actual field experience or commercial reliability 
is doubtful. Further, proper installation and start-up 
with specifically geothermal experience cannot be 
overstated. An "infinitely wear resitant" pump will fail in 
short order if not properly installed, started and 
monitored.  
Cost of purchase and power consumption aside, the 
primary factors limiting reliability and commercial 
operation of ESPs in geothermal wells are (a) heat and 
(b) mechanical wear due to higher speeds. 
Conversely, the limiting factors to a geothermal LSP is 
the setting depth either due to horsepower loading or 
RSS. On a superficial level and cost of purchase 
aside, reliability, power consumption, higher 
temperature and higher flow rates favor the LSP. A 
higher cost and less efficiency may to a certain degree 
be tolerated given increased reliability. Reliability is 
first and foremost long life in the hole but minimizing 
downtime upon failure is just as crucial. Replacement 
equipment must be off-the-shelf ready. 
 

Field Testing & Monitoring  
(Figure 8) 
 
Field testing of any deepwell pump is frought with 
potential errors. Accuracy obviously depends upon 
calibrated equipment but other factors can influence 
errors as well. As stated previouly: (a) The instrument 
most notorius for error is a reliable flow meter suitable 
for geothermal production (b) The stack-up of pressure 
gauges alone can account for 3-5% error and (c) some 
20% of the time when a pump is pulled, it is the result 
of instrumentation errors where degregation of 
performance may be less than 5%. Other facors that 
commonly casuse errors are: (a) brine Specific Gravity 
is assumed as water table values and no doubt is 
greater but cannot be assured by lab analysis at actual 
field temperatures (b) electric motor efficiencies and 
power factors vary by known values depending upon 
load at a given (50 or 60) Hertz but with a VFD, the 
efficiencies and power factors vary again based on 
actual speed (d) VFDs commonly display Hertz applied 
to the motor and RPM. This RPM display is actually a 
mathematical conversion of the Hertz and not the 
actual speed at the pump and motor where a 3-5% slip 
occurs. 
Performance of the pump itself is predicated on proper 
spacing of the impellers, single phase fluid (no 
flashing), an oil flooded lubestring, production fluid 
reletively clean of particulate materials and without 
plugging at the inlet strainer. 
Under the best of circumstances 3-5% error between 
field data and pump curve is considered the best one 
may expect. The industry probably averages 3-7% 
error but as much as 10-15% is not uncommon.  
The most important point that should be considered is 
that of consistancy and trends. Whatever values that 
are noted by instrumentation should be considered 
baseline data when a pump is new. For a constant 
temperature and speed, all values should remain 
constant until eventually mechanical wear is significant 
enough to suggest pulling the pump. Typical wear is 
characterized by a very slow drop in flow rate and 
amps with a increasing bubble tube pressure. Values 
that should be recorder are: Pd (Surface Discharge 
Pressure), Pa (Annulus Pressure), Pb (Bubble Tube 
Pressure at depth), Flow Rate, Production 
Temperature, I (Amperes), E (Voltage), Hertz and 
RPM. (Other preventative maintance data that should 
likely be measured are: Lube oil pressure & flow rate, 
cooling water temperature, flow rate and pressure, 
upper motor (thrust) bearing temperature, lower motor 
(guide) bearing temperature, and motor winding 
temperature). 
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ABSTRACT 
 
Schlumberger Slickline has a renewed focus on well 
intervention both in mechanical and data acquisition 
services and have recently introduced the OPTICall 
service, a Slickline conveyed cable containing an 
optical fiber, enabling Real-time acquisition of 
Distributed temperature measurements across the 
length of the deployed cable.  

Deploying a distributed temperature measurements in 
this way allows operational advantages over existing 
systems, and has applications as part of well 
intervention optimization techniques including leak 
detection, downhole flow characterization, fracture 
evaluation and others. 
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ABSTRACT 
 
Exploration of geothermal ressources can revert to 
well-known and well established tools of the 
hydrocarbon industry, which can be easily adapted to 
the needs of geothermal exploration. 
     Drilling wells is cost-intensive and the last step of 
the exploration. A comprehensive investigation of the 
subsurface is considered mandatory to select the most 
favourable drilling targets. Prospection and exploration 
define high-grade areas with high geothermal 
potential. 3D seismic has proven to be a valuable tool 
to investigate these areas. 
     The use of modern exploration methods in the last 
30 years, as for instance 3D seismics has led to 
significant improvements in exploration. From 1978 – 
1995 the success rate of offshore wells in the US has 
been more than doubled from 27% to 55%. One of the 
reasons was the use of 3D seismics since the early 
1980ies. OMV could raise the success rate of wells 
drilled between 2001 and 2003 to even 70% by the 
use of 3D seismics and computer aided interpretation.  
 
 

While drilling is still the most expensive part in 
exploration, drilling targets must be carefully selected 
to: 
- increase the rate of success for exploration wells  
- increase the productivity of the wells drilled  
 
After conducting more than 180 km²

 
of 3D seismics in 

the Upper Rhine Graben this tool has proven to be the 
most valuable for the exploration of high grade areas 
and the selection of drilling targets.  
 
Some of the advantages of 3D seismics are: 
 
- Better understanding of the subsurface  
- Improvement of the selection of drilling targets  
- Improved planning of well path  
- Number of wells drilled (Reducing/increasing)  
- Refinements for reservoir modelling  
- Improving well productivity and heat recovery from    
   the reservoir  
 
It should be pointed out here that terminating a project 
after the interpretation of a 3D seismic is still cheaper 
than drilling a dry hole! 
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ABSTRACT 
 
One major goal of monitoring seismicity accompanying 
hydraulic stimulation of a reservoir is to recover the 
seismic velocity field in and around the geothermal 
site. 
     In July 2000 and 2003, two of the largest injection 
tests of the Enhanced Geothermal System (EGS) site 
of Soultz-sous-Forêts (Alsace, France) were 
performed into GPK2 and GPK3 wells respectively. 
The two boreholes were stimulated with different 
injections strategies and in both tests an intense micro-
seismic activity has been detected and recorded by 
downhole and surface seismic stations. 
     Several studies have shown changes of the 
physical properties in the reservoir during the fluid 
circulations through the use of 4D seismic tomography 
obtained by dividing the main dataset into 
chronological sub-sets characterized by a constant 
number of events (Cuenot et al, 2008; Charléty et all, 
2006). 
     We present here the results of new 4D 
tomographies relative to the two experiments. The 
velocity models have been obtained by rearranging the 
sub-sets in the light of the transient seismic activity 
and of the stimulation strategy and by applying the 
WAM method (Calo’ et al., 2009). 
     These new models give insights on the temporal 
changes of the velocity anomalies and show 
how their evolution could be driven by the stimulation 
strategy and by the major structures. 
Indeed, our tomographies show how the low velocity 
bodies, characterizing the part of the reservoir mostly 

affected by the injected water, are placed along the 
main strikes of the preexisting structures and moved 
during the stimulation test. Furthermore it was possible 
to see how their shape and dimension was affected by 
the injection strategy also. 
     The improvement of the tomographic models allows 
usefully to describe velocity and seismic structures not 
clearly visible previously with the conventional seismic 
imaging. The resolution and the reliability of the 
proposed method could make the LET tomography a 
practical tool for the characterization and exploration of 
a geothermal reservoir. 
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ABSTRACT 
 
After 20 years of research and exploration, the 5 km 
deep Soultz EGS reservoir is ready for continuous 
exploitation. A pilot power plant has been officially 
inaugurated in June 2008.  
     Since then, many technical improvements have 
been done (heat exchanger, filtering, downhole pump) 
and a series of hydraulic circulation experiments have 
been performed between the 5 km deep wells GPK2, 
GPK3, and GPK4. The pilot plant has been modified to 
allow also for an injection into the 3600 m deep well 
GPK1, thereby including four wells into the hydraulic 
circulation and offering more modes of exploitation.  
     During these experiments, the accompanying 
seismicity was continuously measured by the seismic 
surface network consisting of 9 stations operated by 
Strasbourg University.  

This paper will present the first results of a correlation 
between hydraulic activities in the EGS reservoir and 
recorded passive seismicity. In general, seismic 
activity is low and of small magnitude. The events are 
mainly concentrated below the production well GPK2 
and the central injection well GPK3. Due to a sudden 
shut-in followed by a restarting of the injection pump or 
production pump, some events with higher magnitudes 
were induced but none of them were felt. 
     The upcoming research program for the next two 
years offers the possibility to analyze continuously 
further the correlation between hydraulics and passive 
seismicity in the Soultz EGS reservoir and to optimize 
the circulation regime between the four wells with 
respect to maximal energy output with minimal 
accompanying induced microseismicity. 
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ABSTRACT 
 
The Deep Heat Mining project in Basel, Switzerland, 
was one of the first purely commercially oriented 
Enhanced Geothermal System (EGS) projects. 
Beginning on 2 December 2006, water was injected 
into a 5 km deep well with increasing flow rates. 
Because of strongly increased seismic activity, which 
included a ML2.7 event, injection had already been 
stopped a few hours prior to a ML3.4 event that 
occurred on 8 December 2006. This earthquake rattled 
the local population and received international media 
attention. Slight nonstructural damage has been 
claimed by many homeowners, with a damage sum of 
US$7 million. Bleed-off of the injection well was 
initiated about 1 hour after the ML3.4 event, and 
hydrostatic down-hole pressure was reached within 4 
days. Since then, the seismicity slowly decayed. Three 
additional earthquakes with ML > 3 were felt 1–2 
months after bleed-off. More than 2 years later, 
sporadic seismicity inside the stimulated rock volume 
is still being detected by the down-hole instruments. A 
risk analysis came to the conclusion that similar minor, 
but perceived seismicity is likely to occur during the 
lifetime of a plant in this particular seismotectonic 
setting. Based on these findings the city council of 
Basel has decided to aborted the project.  
     Here, we report on latest results of the analysis of 
the induced earthquake sequence which is one of the 
most densely monitored deep fluid-injections in the 
world. The seismic monitoring system consisted of six 
borehole seismometers near the injection well and of 
up to 30 seismic surface stations in the Basel area. 
The network is to a large part operational until today.  
     Considerable improvement of the hypocenter 
locations was achieved by refinement of arrival-time 
picks and subsequent relocation. First, highly similar 

events where grouped by a cluster analysis based on 
broad-banded waveform cross-correlation. The 
clusters represent groups of events that have nearly 
identical hypocenters and focal mechanisms. Based 
on this assumption we can estimate the location 
accuracy of the original catalog (Geothermal Explorers 
Ltd.) to range between 100-200 m. In a second step, 
we improve the P and S arrival-time picks in a semi-
automatic procedure by taking advantage of the 
waveform similarity within the clusters and the 
improvement of the signal-to-noise ratio by stacking. 
Finally, we relocate the strongest event of each cluster 
using the double-difference technique and apply a 
mater-event technique to relocate the individual cluster 
members with respect to these events. The results 
indicate an improvement of the location accuracy by a 
factor of 10 and a reduction in the geometric 
complexity of the earthquake cloud. 
     Based on P-onset polarities, focal mechanisms of 
the 49 strongest events where derived. Based on 
relative hypocenter locations, the ML3.4 mainshock 
was identified as dextral strike-slip motion on a steeply 
dipping WNW-ESE striking fault. Overall, the observed 
focal mechanisms agree with what would be expected 
from both the in-situ stress observations and the stress 
field derived from the previously known natural 
seismicity. Although some of the focal mechanisms 
show signs of non-double-couple components with a 
volume change, overall the results are compatible with 
shear failure on pre-existing faults. 
     To extend the moment tensor analysis to events 
that have only been recorded on the down-hole 
instruments, we have started to include relative 
amplitude information of P and S-onsets into the 
inversion. First results will be presented in this paper. 
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ABSTRACT 
 
Geopower Basel AG with its operator Geothermal 
Explorers Ltd. (GEL) had been developing a co-
generation system of electrical power and heating 
energy (3 MW electric and 20 MW thermal) around 
Basel in Switzerland since 1996. During and just after 
their first hydraulic stimulation in 2006, microseismic 
events whose moment magnitude, Mw, exceeded 2.0 
occurred in deeper and middle part of the seismic 
cloud. Two more large events (Mw>2.0) occurred in 
shallower part of the seismic cloud by two months after 
the bleeding-off. After the risk analysis of the seismic 
events with large magnitude, the Basel project has 
been terminated. 
     The authors have been investigating the 
characteristics of the large events collected at Basel to 
understand physical phenomena inside the stimulated 
fracture system and to develop control techniques of 
occurrence of the large events from stimulation of the 
EGS reservoirs. In this paper, we will discuss physics 
behind the large events showing characteristics of the 
large events including spatio-temporal distribution of 
mainshock and foreshocks/aftershocks, coherence to 
the neighboring events, source parameters, and critical 
pore pressure of shear slip. 
 
Introduction  
 
Hydraulic stimulation is one of the fundamental 
technologies to improve permeability of the geothermal 
reservoirs. The hydraulic stimulation has been 
commonly used in engineered development of 
relatively deep geothermal resources for power 
generation and heat production, because increased 
productivity and sustainable production can be 
expected. This technology has been also used for 
enhancement of oil recovery (EOR) in development of 
oil and natural gas.  
     Microseismicity associated with stimulation is one 
of the evidences that shear slip on existing fractures or 
initiation of fracture was induced by the stimulation, 
and information from the microseismic events (activity, 
hypocentral location, etc) has been successfully used 
to monitor response of the reservoir to the stimulation. 
However, it has been reported recently that some of 
the microseismic events have had unexpectedly large 

magnitude such as to be felt on the ground surface 
(Majer et al. [5], Suckale [7]). These large events are 
not only hazardous to the buildings and infrastructure 
on the ground surface, but their effects to the reservoir 
have not been well interpreted. Considering the risk of 
the large events, research on physics behind the large 
events and technologies to stimulate the reservoir 
controlling magnitude of the microseismic events have 
been activated. 
     The authors have been analyzing microseismic 
events collected during and after a stimulation at Basel 
in 2006 (Asanuma et al. [2, 3]). It has been previously 
reported by the authors that the microseismic signals 
collected at Basel has sufficient bandwidth and signal-
to-noise ratio (SNR) for precise estimation of the 
source parameters, and the network design enables us 
to estimate the hypocenters of the microseismic events 
with high accuracy and reliability. We have been, 
therefore, analyzing microseismic events with large 
magnitude observed at Basel to understand nature of 
the large events. Results from fundamental analysis of 
the large events at Basel by the authors are described 
in this paper. 
 
Outline of the data 
 
The hydraulic stimulation at Basel was achieved by 
pumping a total amount of 11,500m3 of water into a 
4750m deep borehole (Basel-1) over six days. The 
entire open-hole section (from 4379 to 4750m TVD), 
which includes some pre-existing natural permeable 
zones, was pressurized. The maximum wellhead 
pressure was around 30MPa at a flow rate of 50 L/s 
(Ulrich et al. [8]). 
     The microseismic monitoring network, which 
consists of six permanent seismometers and one 
temporary seismometer placed around one of the feed 
points in Basel-1, detected more than 13,000 possible 
microseismic events during and after the stimulation 
period (up to February, 2008). The number of located 
events was around 2,900 (Asanuma et al. [2]). 
Distribution of the hypocenters showed a sub-vertical 
planar seismic structure with an approximately NNW–
SSE azimuth, which is consistent with the macroscopic 
maximum horizontal stress around Basel.  
     Asanuma et al. [3] reported that the hydraulic 
injection stimulated several sub-vertical fractures or 



SECOND EUROPEAN GEOTHERMAL REVIEW – Geothermal Energy for Power Production 
June 21 – 23, 2010, Mainz, Germany 

 48

thin fracture networks with azimuth aorund NNW–SSE 
and a horizontal extent of 200–400m from obesrvation 
of the distribution of microseismic multiplets. 
 
Characteristics of the large events at Basel Activity 
Microseismic activity and their moment magnitude are 
compared with pumping record as shown in Figure 1, 
where short-term (top) and long-term (bottom) 
activities are shown. From the observation of the 
magnitude distribution (G-R diagram), we have defined 
that the large events observed at Basel has moment 
magnitude larger than 2. Totally six large events were 
identified at the end stage of the pumping and just 
before bleeding-off. Three more large events were 
observed by two month after from the stimulation. 
 
Hypocentral distribution 
The hypocenters of the microseismic events collected 
at Basel were determined by the joint hypocenter 
determination (JHD) method with 1D velocity model 
which was optimized using signals from the seismic 
sensor in the injection well, Basel-1. 
 

 
 
Figure 1: Time series of occurrence of the large events (red 
dots). 

Distribution of the hypocenters is shown in Figure 2, 
where the large events are shown by red crosses. 
Typical residual error after the JHD was around 8ms 
which corresponds to 99% confidential error with a 
length around 100-200 m. We have found that the 
large events which were observed at the end stage of 
the pumping and beginning of the bleeding-off 
occurred in the middle-deep part of the microseismic 
cloud (“deep large events”). The large events with 
intervals from several days to two month from the start 
of the bleeding-off had hypocenters outside of the 
shallow part of the microseismic cloud (“shallow large 
events”). 
 
Coherency among the events 
Coherency of the large events to the other events was 
evaluated. Examples of the spatial distribution the 
coherency for deep and shallow large events are 
shown in Figure 3. The trace of the deep large event 
had higher similarity to the neighboring events, while 
shallow large events had lower similarity to the events 
inside the seismic cloud. 
 
Fault plane solution (FPS) 
Swiss Seismological Service (SED) has estimated fault 
plane solution (FPS) of the events which were 
detected by the natural earthquake monitoring network 
(Deichamnn et al. [4]). Estimated dominant source 
mechanisms were strike-slip movement on sub vertical 
fractures with N–S azimuth, which is consistent with 
the macroscopic stress state around Basel. 
 
Critical pore pressure 
Critical pore pressure for shear slip on fractures, which 
had seismic activity, was estimated from the stress 
state and the FPS for large events. Seismic structures 
of microseismic multiplets were used as orientation of 
fracture for the smaller events.  
     Spatial distribution of the critical pore pressure is 
shown in Figure 4. The critical pore pressure for the 
large events is comparable or smaller than those for 
neighboring smaller events. 
 
Source radii and stress drop 
Corner frequency, which is determined by the rupture 
process of fractures, was observed in the spectra of 
the microseismic signals collected at Basel. We have 
estimated both the source radii and stress drop from 
the spectra of the microseismic events following 
Brune’s model of rupture. 
     The source radii of the deep large events are 
overlapped to those for neighboring events as shown 
in Figure 5. Spatial distribution of the stress drop is 
shown in Figure 6. We have found that the stress drop 
for the large events was relatively higher than the 
events with small magnitude. The events with high 
stress drop (>1MPa) showed a “scaling law” between 
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the seismic moment and the ruptured area, which is 
commonly observed in natural earthquakes. 
 

 
 

Figure 2: Hypocentral distribution of the large events (red 
crosses). 
 

 
 

 
 
Figure 3: Coherency of large event (cross) to the other 
events (top: shallow large event, bottom: deep large event). 
Red shows high coherency. 

 
Figure 4: Spatial distribution of critical pore pressure for 
shear slip. 
 
 
 

 
 
Figure 5: Distribution of hypocenter and source radii. Red 
circle: one of the deep large events. 
 
 
 

 
 
 
Figure 6: Distribution of hypocenter and estimated stress 
drop. 
 



SECOND EUROPEAN GEOTHERMAL REVIEW – Geothermal Energy for Power Production 
June 21 – 23, 2010, Mainz, Germany 

 50

Discussion 
 
Uncertainty in the estimated hypocentral location of the 
large events is expected to be larger than those of the 
smaller events This is because the dominant 
frequency of the large events were much lower than 
the smaller events, and this nature brought us some 
difficulty in phase picking. However, typical 
residual/error in the hypocenter estimation and the 
coherence of the large events to the neighboring 
events support an interpretation that the deep large 
events occurred inside the seismic cloud and shallow 
large events had hypocenter outside the seismic cloud. 
     The FPS estimated by SED and microseismic 
multiplet structure had azimuth consistent with the 
orientation of maximum horizontal stress (NNW-SSE). 
Many of the large events had strike-slip type FPS with 
azimuth around N-S. We concluded that “most slip-
able” sub-vertical fractures under stress state at Basel 
had the large events. 
     Estimated critical pore pressure for shear slip of the 
large events showed that most of them had increase of 
the pore pressure from hydrostatic state by less than 
15MPa. Observational facts that the maximum 
wellhead pressure (around 30MPa) is much higher 
than the estimated critical pore pressure of the large 
events, and most of the large events occurred after 
stop of the pumping suggest that the increase in the 
pore pressure is not the direct trigger of the large 
events. 
     The deep large events typically had source radii of 
around 100-200m, in which hypocenter of smaller 
events uniformly distributed prior to the occurrence of 
the large events. Considerable number of smaller 
events were also observed within the source radii of 
the large events after the occurrence of the large 
events. However, no clear extension of the seismic 
cloud after the large events as we have observed at 
Cooper Basin (Asanuma et al., [1]), and specific 
seismic structures were not identified from the spatio-
temporal observation of the hypocenters. These 
observational facts support a model that large deep 
events occurred on single/multiple asperities inside the 
seismically activated zone, although mechanisms of 
the trigger and concentration of strain on such asperity 
have not been defined.  
     Michelet et al., [6] have reported that stress drop, 
which was estimated from the spectra of the event, is 
highly related to the moment magnitude of the 
microseismic events observed at Soultz, and 
occurrence of the large events can be interpreted by 
local concentration of stress/strain around the 
hypocenter. However, the stress drop estimated for the 
data at Basel followed a scaling law suggesting that 
there is not peculiarity in the large events from the 
stress drop point of view. 
 

Conclusions 
 
The authors have described characteristics of the 
microseismic events with large magnitude observed 
during/after stimulation at Basel in 2006. From the 
observational facts, we have concluded that large 
events observed at end stage of the pumping and 
initial stage of the bleeding-off occured inside the 
middle-deep part of the stimulated zone with similar 
source mechanism to the neighboring events. The 
shallow large events, which were observed by two 
months from the bleeding-off, are very likely to occur in 
sub-parallel fracture to the stimulated zone. Estimated 
critical pore pressure for shear slip suggested that 
increase in pore pressure is not the direct trigger of the 
large events. Reduction in coefficient of friction or re-
distribution of stress would be the trigger of the large 
events. There are still uncertainties in the cotrol factor 
of the magnitude of the microseismic events at Basel, 
because stress drop which is correlated to stress 
concentration on some specific fractures was not 
clearly observed. 
     Many of the characteristics of the large events at 
Basel have been successfully revealed throughout this 
study. Investigation from viewpoint of rock mechanics 
and reservoir modeling are planned by the authors. It 
should be noted that only wideband nature of the 
microseismic signals and better network design can 
provide detailed information on behavior of fractures 
as described in this paper. 
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ABSTRACT 
 
During the development of the EGS project of Soultz-
sous-Forêts, many different experiments and hydraulic 
tests (hydraulic and chemical stimulations, 
circulations…) have been performed. Moreover as 
both a shallow and a deep reservoir have been 
developed, those tests were conducted in slightly 
different geological and tectonic conditions. This has 
given an unique opportunity to study the emergence 
and development of induced seismicity in diverse 
contexts. 
     First, although 4 geothermal boreholes and 5 
observation boreholes were drilled at depths ranging 
from 1500 m to 5000 m, no seismicity has ever been 
observed during drilling operations. 
     The most intense microseismic activity and the 
strongest earthquakes occurred during hydraulic 
stimulation tests. Three hydraulic stimulations were 
performed in the shallow reservoir (3500 – 3900 m) 
through massive fluid injection into GPK-1 (1993) and 
GPK-2 (1995 & 1996). Several thousands of micro-
earthquakes were located and the largest observed 
magnitude was 1.9 in 1993. In the deep reservoir (5 
km depth), the wells GPK-2, -3 and -4 were 
hydraulically stimulated, yielding to a huge 
microseismic activity and the strongest earthquakes 
ever recorded at the Soultz site. Several seismic 
events of magnitude larger than 2 were observed 
during each stimulation test, mainly in the shut-in 
period. The strongest one occurred in 2003 and 
reached a magnitude of 2.9. This event, as well as 
several others, was felt by a part of the local 

population, leading to unwanted nuisances and some 
complaints. 
     Several chemical stimulation operations were 
performed in the deep wells: the induced microseismic 
activity was much lower as compared to hydraulic 
stimulation experiments and no large magnitude event 
was recorded. 
     The observation of the microseismic activity 
induced during circulation tests was also a major 
concern, as the results obtained in these conditions 
can give insights about the seismic behaviour of the 
reservoir when the power plant will be fully in 
operation. Moderate seismic activity was observed in 
every circulation test, despite the fact that these tests 
were performed in different experimental settings 
(artesian or pump-assisted production; 2, 3 or 4 wells 
involved; different duration). Variations of the 
microseismic activity were observed, which were often 
related to variations of hydraulic parameters 
(increase/decrease of flow rate, failure of production 
pump, shut-in). Some rare earthquakes reached 
magnitude larger than 2 and their occurrence was 
again often linked with hydraulic variations. 
     Lots of research studies have been done to 
understand the hydro-mechanical processes that are 
involved in the generation of induced seismicity, but 
mostly using the data from hydraulic stimulations. In 
the frame of the future continuous exploitation of the 
power plant, an effort should be made on the better 
understanding of the seismic behaviour of the reservoir 
under hydraulic circulation conditions. 
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ABSTRACT 
 
Human activities that change the state of stress in the 
earth can induce fracture processes. Fracture 
processes that radiate seismic waves are called 
seismic events. Sometimes these events are strong 
enough to cause vibrations that are felt at surface. 
Examples are rock extraction by mining, fluid 
extraction in the oil and gas industry, fluid injection, 
reservoir impoundment and the development of 
geothermal fields. Seismic events are often 
characterized by their magnitude, which is a measure 
of the amount of energy released as seismic waves at 
the location of the fracture process – the hypocenter. 
Magnitudes are not directly connected to surface 
vibrations and therefore cannot be used to assess the 
impact of seismic events to structures and buildings. 
Statements that try to assign certain intensities to 
certain magnitudes, e.g. “cannot be felt” or “may cause 
damage”, are thus often misleading. This is especially 
true for induced seismic events, which always occur 
close to the site of activity, mostly a lot more shallow 
than natural earthquakes. The possible impact of 
vibrations caused by induced seismic events can be 
assessed by measuring particle velocities in buildings 
according to the German standard DIN 4150 

“Vibrations in Buildings”. Part 3 of DIN 4150 deals with 
vibrations above frequencies of 1 Hz – the typical 
frequencies of induced seismic events. The DIN 4150 
summarizes the empirical knowledge of more than a 
century. The standard holds no upper limits in the 
sense that damage will occur above a certain value. 
However, it specifies so called reference values. 
Vibrations that are measured according to the 
specifications of DIN 4150 will not cause any damage 
(defined for residential buildings as the occurrence of 
cosmetic damage), when their peak particle velocity is 
below the reference values. The reference values are 
defined very conservative in order to hold true for 
nearly all kinds of buildings. Induced seismic events 
that can be felt at surface have typical frequencies in 
the range between 1 Hz and 10 Hz. The corresponding 
reference value for residential buildings is 5 mm/s, 
which is considerably higher than the level of 
perception (approx. 0.5 mm/s). Recording induced 
seismic events according to accepted standards 
makes it possible to deal with them in the same way as 
with other types of vibrations. This will help to objectify 
an often emotionally driven discussion. 
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ABSTRACT 
 
Induced seismicity accompanies all human activities in 
the subsurface. Seismic events have been reported 
from geothermal projects worldwide. The natural fear 
of earthquakes influences the acceptance of 
geothermal project in the public and with authorities 
seriously. 
     Mining authorities ask in this context for experts 
input. It has to be shown that at a certain location the 
induced seismicity can be predicted and finally 
controlled. Expert’s input is needed throughout the 
project from the first drillings to routine production.  
     Expert’s statements will reduce the overall risk and 
regain acceptance in the population by channeling the 
undefined fear into active management concepts. 
 
General background 
 
Experience from recent years shows that geothermal 
installations may cause Induced Seismicity. In no 
single case have those events been hazardous for 
building construction, traffic, infrastructure or people. 
Nevertheless, they proved to be the major reason for 
geothermal energy use having lost some of its 
acceptance by the public. As a consequence the 
geothermal community has to deal seriously with these 
problems. Public discussion as well as further research 
is needed. Protocols have to be developed to control 
the seismological consequences of underground 
installations and management of geothermal plants. As 
authorities are aware of such problems, acceptance 
questions related to seismicity may cause delay or 
other problems in developing or managing geothermal 
plants. 
     Unlike natural earthquakes, induced seismicity is 
not unpredictable and can to a certain degree be 
controlled. Today, after years of research, we know 
much more than we did - but of course further 
research is needed. 
 
Legal background 
 
In Germany the use of geothermal energy from deeper 
holes is regulated by the Mining Act. This requires that: 
 

- personal security and public traffic must be 
taken into account; 

- no generally destructive impact can be 
foreseen. 

 
Generally this means that smaller damages may be 
accepted but have to be compensated 
 
Acceptance background 
 
Acceptance or non-acceptance seems to be a greater 
problem than the legal situation (Mining Act). Public 
opinion also induces pressure on mining authorities 
and political stakeholders. This may cause delay and 
additional costs, and may finally influence investors. 
     The main focus of non-acceptance is a general fear 
of ‘earthquakes’. These are considered as having a 
huge hazard potential and are compared to volcanoes, 
tsunami, and hurricanes. As earthquakes are natural 
events they are neither predictable nor controlled and 
cause natural fear. 
 
Experts’ statements, experts’ guidance 
 
Experts’ statements are possible in every phase of a 
geothermal project. The content and value of those 
statements will depend strongly on the available 
database. If the statements are updated with the 
growing database, this means that an expert has 
continuously to accompany or guide the project. 
  
Experts’ statements should include the following: 
 

- Local geological situation 
- Natural seismicity 
- Induced seismicity 
- Possibility of triggering larger events 
- Mechanisms for induction and triggering 
- Local relationship between magnitudes and 

PGVs (damage risk) 
- Recommended seismic monitoring networks 

and reaction plans 
- Recommendations for reporting and public 

information 
 

Estimate of maximum magnitude and return period 
 
A fundamental task for seismological experts 
accompanying a geothermal project in a given area is 
estimation of the maximum possible magnitude of 
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induced events. A first estimate is given by the 
evaluation of the natural seismicity in that area, as this 
gives a frame for possible induced events. The 
plausibility and credibility of the estimates will grow 
with the ongoing project. The first drill hole will give 
insight into the local stress field. Recordings from a 
seismological net during drilling and stimulation will 
allow the use of statistical methods. 
     In general we have different approaches to 
estimate the maximum possible event and the return 
periods: 
 

- The deterministic approach 
- The probability (statistical) approach 
- The empirical approach 
- The controlled operational (step by step) 

approach 
 

The deterministic approach 
 
The deterministic approach tries to model or simulate 
possible seismic events in a computer. As with all 
simulation, an adequate model of the relevant 
parameters (geometry, petrophysics and stress) of the 
underground is needed, together with an appropriate 
code (software) to generate fractures in this model. 
     In our opinion the deterministic approach is not yet 
suitable for predicting maximum magnitudes or return 
rates but is very helpful for sensitivity analysis and to 
find out which parameters influence magnitudes and 
rates. Further research is needed. 
 
The probability (statistical) approach 
 
The probabilistic approach is based on a statistical 
evaluation of registered events without looking at the 
geological situation and without using any physics or 
rock mechanics. Central to this is usually the 
Gutenberg-Richter relation, which shows the 
occurrence frequency of events as a function of their 
magnitudes, but other statistical methods have also 
become available lately The probability approach 
needs a sufficient database, and thus a longer 
monitoring time with a low enough threshold to record 
large numbers of small magnitude events. It is 
necessary to ensure that the database contains only 
events from the same cluster as those expected from 
future induced events. 
 
The empirical approach 
 
Some researches have tried to show a relation 
between certain reservoir parameters and the 
maximum magnitude. The main parameter has often 
been the size of the reservoir. Some authors use a 
linear dimension, i.e. the diameter of the reservoir, 
others an area or the reservoir volume. In any case a 
linear relationship is assumed, based on a sparse 
database.  
 
The controlled operational (step by step) approach 

Relationships between injection parameters and 
seismicity can be evaluated not only theoretically in 
advance but also during operations.  
It is obvious that, even with a good knowledge of the 
local and regional tectonic and geological site 
conditions, the other approaches will only allow the 
maximum magnitude and the associated seismic risk 
to be estimated roughly. To avoid larger events needs 
another method, therefore, which can be called “the 
controlled operational approach”. According to this 
approach all operations relevant for induced seismicity 
have to be designed in such a way that the risk of 
inducing seismic events increases only slowly and 
remains below the perceptibility level. 
 
Monitoring and reaction plan 
 
Monitoring of the Induced Seismicity is essential to the 
controlled operational approach. This is done by 
running online seismic nets. Generally two nets are 
needed, the seismological net and the immission net, 
which can be combined technically into a single net: 
 

- The seismological net must ensure a good 
coverage and a low magnitude threshold to 
register large numbers of small events and 
build up a sufficient data base for statistical 
evaluations. Some of the stations may be 
planted in boreholes. 

- The immission net, meeting national standards 
regarding instrumentation, planting and 
interpretation. Central is the recording of 
PGVs. 

- Nets should preferably be managed by public 
institutions or private companies contracted by 
public institutions. This is especially 
advantageous if nets from neighbouring 
installations overlap.  It should also increase 
the public acceptance. 

- A (published) reaction plan, based on the 
online PGV recordings, will define different 
responses depending on the recorded PGVs. 
This ensures that, statistically, the PGV should 
not exceed a certain value throughout the 
activities. 

 
A monitoring and reaction plan should be made in 
agreement with all parties, including the mining 
authorities. 
 
Research 
 
Further research is needed and highly recommended. 
In particular, the interrelationship between operational 
parameters and risk has to be further researched. 
Methods of modelling the complex underground 
situation, including fluid-rock interaction, are extremely 
important. Modelling the static (structural) situation and 
dynamic fluid flow has to be completed by finding code 
to simulate the kinematics of internal rock-volume-
movement and related inertia forces. 
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Conclusions 
 
To date, geothermal installations have never caused 
hazardous earthquakes resulting in structural damage 
or human harm. Only minor damages have been 
reported and so far have not even been tested in court.  
     In Germany, geothermal projects are governed by 
the Mining Act. This states that care must be taken 
that no personal harm can occur and that traffic or 
general infrastructure will not be damaged. 
Furthermore, if minor damages to buildings do occur, 
they have to be compensated.  
     Nevertheless, induced seismicity poses a serious 
problem of acceptance. The natural fear of 

‘earthquakes’ is wide spread; they are regarded as 
unpredictable and not manageable. 
     In contrast, geothermal installations can be made in 
a way that even small noticeable seismic events are 
unlikely. The entire process (installation and 
production) can be controlled. The controlled 
operational approach (step-by-step) is recommended 
including monitoring with different seismic stations. 
     It is absolutely necessary that geothermal 
installations are followed, and in part guided, by 
seismologic experts. 
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ABSTRACT  
 
Geothermieprojekte sind inzwischen von besonderem 
Interesse für die Öffentlichkeit. Es ist deshalb 
erfolgsentscheidend für ein Projekt, diesem Interesse 
frühzeitig mit Informationen und persönlichen 
Kontakten zu begegnen. Wie eine Analyse von 
Enerchange zeigt, besteht hier oft erheblicher 
Nachholbedarf.   
 
Öffentlichkeitsarbeit für Geothermieprojekte 
kommt derzeit noch viel zu kurz 
 
Die Geothermiebranche profitierte bislang von der 
Sympathie, die Bevölkerung und Politik den 
erneuerbaren Energien im allgemeinen 
entgegenbringen (über 75% der deutschen 
Bevölkerung spricht sich für deren Ausbau aus). Umso 
mehr, als dass Geothermieanlagen im Gegensatz zu  
Windrotoren nicht Gegenstand von Diskussionen um 
die Beinträchtigung des Landschaftsbildes waren.  

Seit Vorfällen wie in Basel, Landau, Staufen oder 
Wiesbaden hat das Image der Geothermie allerdings 
Schaden erlitten – zumal die zeitiche Abfolge 
Ereignisse in der Bevölkerung den Eindruck hinterließ, 
dass in der Geothermie ständig etwas schief gehe und 
es sich um eine Risikotechnologie handele.  

Diese zunehmend kritische Grundhaltung und die 
damit einhergehende Gründung von Bürgerinitiativen 
lässt den Initiatoren von Geothermieprojekten 
inzischen keine Wahl mehr: Sie müssen frühzeitig, 
nachhaltig und transparent mit der betroffenen 
Öffentlichkeit kommunizieren und dadurch Vorbehalte 
und Ängste abbauen. PR für Geothermieprojekte ist 
deshalb keine Kür mehr, sondern Pflicht! 

Diese Erkenntnis setzt sich offenbar nur langsam 
durch. Nach einer von Enerchange im Frühjahr 2010 
durchgeführten Analyse der für  Geothermieprojekte 
im deutschsprachigen Raum  eingesetzten Kommu-
nikationsinstrumente (siehe Abbildung 1), werden 
beispielsweise nur für 37% aller untersuchten 41 
Projekte im Internet Informationen angeboten,  nur 
etwas mehr als die Hälfte der Projekte wird in einem 
Informationsflyer vorgestellt. Auffallend dabei ist, dass 
gerade die einfachsten Möglichkeiten, die 
Öffentlichkeit zu erreichen, nicht genutzt werden. So 
haben nur rund 10% der Projekt-Betreiber bzw. -
Initiatoren einen Anrufbeantworter installiert und so für 
Interessierte die Möglichkeit geschaffen, auch nach 

Geschäftsschluss mit den Verantwortlichen in Kontakt 
zu treten. 

 

 
 
Abbildung 1: Ergebnis einer Analyse der für Geo- 
thermieprojekte eingesetzten Kommunikations- instruemte, 
Enerchange, 2010.  
 
Ein wichtiges Fundament erfolgreicher PR: Früh-
zeitige und offene Kommunikation 
 
Das Beispiel des Anrufbeantworters mag auf den 
ersten Blick banal erscheinen. Dies ist es aber 
keineswegs, zeigt sich dadurch doch, dass es den 
Projektverantwortlichen vielfach noch an Gespür und 
Bewusstsein mangelt, welch vielfältige Einflüsse das 
Image eines Geothermieprojekts bestimmen. Hier ist 
Achtsamkeit für die zahlreichen Gelegeheiten 
gefordert, bei denen man sich – oft eben auch 
unbemerkt – der Öffentlichkeit präsentiert. 

Zweites wesentliches Fundament für eine 
erfolgreiche PR für Geothermieprojekte ist die 
frühzeitige und offene Kommunikation. Gerät man erst 
einmal in die Defensive und muss z. B. im Nachhinein 
etwas richtigstellen, ist der Aufbau von 
Glaubwürdigkeit und Vertrauen ungleich schwerer und 
aufwändiger. Das heißt konkret: So früh als möglich 
die örtlichen Entscheidungsträger einbinden, die 
Öffentichkeit über eventuell anstehende 
Beeinträchtigungen informieren und mögliche 
Probleme offen ansprechen.  
 
PR-Konzeption erlaubt effektiven Einsatz der 
verschiedenen Werkzeuge und Mittel 
 
Welche Werkzeuge sollten für eine effektive Presse- 
und Öffentlichkeitsarbeit eingesetzt werden? Als 
Mindestanforderung kann gelten: 
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 Gute Telefonerreichbarkeit 
 Website und Onlinekommunikation 
 Regelmäßige Pressemitteilungen 
 Infoveranstaltungen & Besichtigungsangebote 
 Kommunikation mit den Multiplikatoren 

 
Idealerweise werden die Instrumente nicht mehr oder 
weniger zufällig eingesetzt, sondern gemäß einer 
strategischen PR-Planung. Dabei basiert ein PR-
Konzept klassischerweise immer auf der Frage nach 
der Ausgangslage, den Zielen, die man hat und den 
passenden Maßnahmen, um diese Ziele zu erreichen. 
So kann z. B. die Ausgangslage sein, dass die 
Bevölkerung unter Umständigen mit Belästigungen 
durch Vibrofahrzeuge im Rahmen seismischer 
Untersuchungen konfrontiert sein wird. Ziele der 
Öffentlichkeitsarbeit könnten dann unter anderem sein: 
Ängste abbauen, Klarheit bezüglich der Regelung 
möglicher Schäden schaffen und Interesse für die 
Technik wecken. Als passende PR-Maßnahmen 
kämen zum Beispiel in Frage, Besichtigungen der 
Seismik-Fahrzeuge anzubieten, eine Pressemappe mit 
Hintergrundinfos, dem Fahrplan und printfähigem, 
digitalem Kartenmaterial vorzubereiten, die örtlichen 
Pressevertreter zu einem Hintergrundgespräch 
einzuladen und ein Treffen mit Vertretern der örtlichen 
Bürgervereine zu organisieren. 

Natürlich kostet PR Geld. Die Ausgaben für 
konzeptionelle Arbeiten, Website-Programmierung, 
Texten, Layout, und Druck von Informationsmaterialien 
können schnell einen hohen fünfstelligen Bereich 
erreichen. Angesichts der anderen Kosten, die 
Geothermieprojekte vor allem bei der untertägigen 
Erschließung mit sich bringen und dem Risiko, dass 
diese Ausgaben wegen öffentlicher Widerstände 
eventuell umsonst waren, ist die Investition in 
professionelle PR aber sicherlich gut anegelegtes 
Geld.  
 
Fazit:  
Obwohl PR bei Geothermieprojekten eigentlich 
inzwischen zu den “Pflichtübungen” gehören sollte, 
zeigt eine aktuelle Untersuchung von Enerchange, 
dass selbst einfachste Instrumente häufig nicht genutzt 
werden. Die Initiatoren und Betreiber von Geothermie-
projekten müssen deshalb ein Bewusstsein dafür 
entwickeln, welche ihrer Tätigkeiten, Vorhaben und 
Äußerungen für das Image ihres Projekts relevant sein 
könnten und darauf achten, möglichst frühzeitig und 
professionell mit der Öffentlichkeit zu kommunizieren.  



SECOND EUROPEAN GEOTHERMAL REVIEW – Geothermal Energy for Power Production 
June 21 – 23, 2010, Mainz, Germany 

 59

Comments:
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Comments: 
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