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Rock mechanics experiments in the lab for geothermal engineering Anne Pluymakers
(TU Delft)
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reservoirs Paul van den Hoek (PanTerra Geoconsultants) 
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Sessions 

1A. Energy Geostructures (chair: Phil Vardon, TU Delft) 
One of the key barriers to implementing shallow geothermal energy is installation cost. Therefore, 
combining heat exchangers with structural elements, i.e. energy geostructures, is attractive as the 
additional costs for the energy component are minor. Energy piles and energy walls are two types of 
these structures which have a wide applicability in urban environments. The impact of the energy 
harvesting / storage in these systems affects the mechanical behaviour. Both the energy and the 
mechanical design requirements must be both satisfied. This session will cover some of the recent 
innovations and experiences with energy geostructures. 

1B. Energy Storage (chair: Jan Willem Rösingh, PEP) 
We are currently in a global energy transition phase. Where currently electricity and heat is largely 
generated by fossil fuels, we are moving into a new era where this energy will be largely generated 
by renewable sources. Especially the supply of wind and solar-based electricity is driven by the 
elements, which not always match the demand. Geothermal energy can provide a basic steady 
source of heat. However, the demand for heat in urban areas is the largest in winter. This mismatch 
in supply and demand makes (temporary) energy storage thus very important. Storage of energy in 
the subsurface or in other materials provide in many instances a good solution.  

2A. Material Behaviour (chair: David Smeulders, TU Eindhoven) 
Due to the inherently intermittent nature of renewables, there is a strong mismatch between energy 
supply and demand, both in space and time. This requires revolutionary new concepts for 
geotechnical energy storage and transportation. Examples are thermo-chemical and adsorptive 
materials for heat storage, subsurface heat or ice energy storage, compressed air storage in salt 
caverns or porous formations, chemical energy storage using hydrogen gas, methods for high-
temperature thermal heat storage in shallow depths or reverse electrodialysis (RED) for energy 
generation. In all of these applications the understanding of coupled thermo-hydro-mechanical and 
chemical processes in porous media is of paramount importance for dimensioning and operating the 
storage systems as well as for an environmental impact assessment. This session focuses on recent 
advances and examples of geotechnical energy storage. 

2B. Offshore Energy Geotechnics (chair: Joek  Peuchen, Fugro) 
This session focuses on opportunities and geotechnical challenges for offshore energy for the Dutch 
sector of the North Sea. The activity level for the Dutch sector of the North Sea is high and changing. 
Assets for wind energy are rapidly expanding. In contrast, existing facilities for oil and gas will 
gradually be decommissioned. Re-use of some of these facilities is being considered for production of 
hydrogen, CO2 capture/storage in depleted gas fields and geothermal applications. The session will 
cover topics such as geodata for geotechnical assessment of the seabed for design, construction and 
maintenance of offshore facilities including monopiles and cables, assessment of mobile seabed 
conditions (e.g. scour and deposition of sand), efficient and economical geotechnical design of 
monopiles, and novel pile installation methods for reducing marine noise.  



3A. Induced Seismicity (chair: Siefko Slob, Cohere Consultants) 
Natural earthquakes occur in areas with active tectonic stresses. However, in absence of active 
tectonic stresses, earthquakes can also be generated by disturbing the delicate equilibrium of 
stresses present in the subsurface. This is often caused by human activity and this is called induced 
seismicity. The disturbance can be caused by gas extraction, geothermal heat extraction, wastewater 
injection, filling of water reservoirs, mining or hydraulic stimulation. In the Netherlands, the 
Groningen area has been affected by induced earthquakes due to gas extraction. In this session the 
origin and consequence of the Groningen earthquakes are discussed. We will also provide an 
overview of the causes and mechanisms of induced seismicity. 

3B. Heat Extraction & Distribution (chair: Jorien Schaaf, EBN) 
The Netherlands is aiming to drastically reduce CO2 emissions; geothermal energy is one of the 
means to reach this goal. A steep increase of the number of geothermal doublets is foreseen in the 
Netherlands to be able to supply around 30% of the current demand for heat. In this session we will 
discuss a wide range of geothermal subjects starting from reservoir geomechanics all the way to play-
based heat extraction and ways to optimally extract heat from the subsurface in a sustainable way, 
answering the question how the small-scale geotechnics influences the larger play-based heat 
supply. 



Keynote speakers 

Remco de Boer 

Researcher Remco de Boer MSc writes and speaks about the energy transition. He is the host of the 
podcast Studio Energie, a weekly interview program with the key players in the energy transition, 
writes a bi-weekly background article on the Expert-page of the Dutch Financial Times and is a 
commentator at Business News Radio (BNR). 

Remco De Boer is a columnist at Delft Integraal Since 2012, the scientific magazine of Delft University 
of Technology. Formerly, he has been a commentator for a number of publications, for example, De 
Ingenieur and the technology magazine of the Royal Netherlands Society of Engineers (KIVI). 

His most recent book  – Tussen hoogmoed en hysterie – is a revealing reconstruction of the 
movement against shale gas in the Netherlands. Earlier publications of De Boer are ‘Verloren 
vertrouwen – lessen uit de Utrechtse asbestzaak’ (2012) and ‘Over communicatie en ander 
ongemak’ (2012). 

Title 
Energy geotechnics and the energy transition 



Dave Potts 

After graduation from Kings College, London, Professor Potts undertook research at Cambridge 
University into the collapse of shallow tunnels which involved extensive experimental and analytical 
studies. From Cambridge he went to the Shell Research Laboratories, Rijswijk, Holland where he 
worked on experimental and theoretical problems involved in the cyclic loading of clay, on the 
development of numerical methods for analysing the foundation behaviour of marine gravity 
structures, on the stresses in oil well casings, and on the stability of offshore pipelines. 

Since 1979 Professor Potts has been a member of the academic staff at Imperial College, responsible 
for teaching the use of analytical methods in geomechanics and the design of slopes, foundations 
and earth retaining structures, both at undergraduate and postgraduate levels. He currently holds 
the position of Head of Geotechnics. Professor Potts has worked extensively on the development of 
computer methods of analysis and, more particularly, on the application of elasto-plastic finite 
element programs to the design of real geotechnical structures and the fundamentals of the coupled 
thermo-hydro-mechanical behaviour of thermo-active retaining wall. Currently, Professor Potts is the 
editor of Géotechnique. 

Title 
The use of numerical analysis in the design of Energy Geostructures 



Stefan Baisch 

Dr. Baisch is managing director and partner of Q-con GmbH with over 15 years of geothermal and 
seismological experience. He is an internationally leading expert in induced seismicity and 
stimulation techniques in subsurface reservoirs, much sought-after by the geothermal and the oil & 
gas industry. 

Stefan Baisch has developed innovative reservoir monitoring methods, led numerous large-scale 
seismic monitoring campaigns, and advises governments and institutes about geothermal and oil & 
gas policies and regulations. 

He has a PhD degree in geophysics from Bochum University and is the author of many peer-reviewed 
scientific publications. 

Title 
Induced Seismicity in Geothermal Reservoirs – Prognosis and Mitigation 



Ad van Wijk 

Ad van Wijk is part-time Professor Future Energy Systems at TU Delft, the Netherlands. He also works 
for KWR Water Research Institute to develop and implement the research program Energy and 
Water. He is appointed hydrogen ambassador at the ‘New Energy Coalition’ to realize the green 
hydrogen economy in the Northern Netherlands. 

In 1984, van Wijk founded the company Ecofys, which eventually grew into Econcern. Econcern 
developed many new sustainable energy products, services and projects. Examples include the 120 
MW offshore wind farm Princess Amalia in the North Sea, several multi-MW solar farms in Spain and 
a bio-methanol plant in the Netherlands. 

Van Wijk achieved many important prizes for excellent entrepreneurship. Amongst others he was 
Dutch entrepreneur of the year in 2007 and Dutch top-executive in 2008. 

Title 
Sustainable energy supply and storage 



Session 1A (Chair: Phil Vardon) 

Gust Van Lysebetten 

Bio 
Gust Van Lysebetten is working as a project leader at the Laboratory of Geotechnics and Monitoring 
of the Belgian Building Research Institute (BBRI) since 2012. The laboratory has a wide expertise in 
static pile load testing and fiber optical sensing. Since 2011, the laboratory gained more in-depth 
knowledge about shallow geothermal energy in general and energy geostructures more specifically. 

Title 
Monitoring data and lessons learnt of 2 operational thermal geostructures in Belgium. 

Abstract 
In this talk monitoring data of 2 operational thermal geostructures in Belgium are presented. The 
first case study is an office building in Leuven founded on and heated and cooled by energy piles. 
Two of the piles were equipped with strain and temperature sensors. A second example presents 
temperature measurements in a thermally activated foundation slab of a residential building. In both 
cases the cooling capacity of the thermal geostructure seems to be the limiting the factor. 



Rafid Al-Khoury 

Bio 
Rafid Al-Khoury is a principal researcher in computational mechanics at TU-Delft, currently focusing 
on computational poromechanics and geothermal energy. 

Title 
Energy Piles in the Netherlands. 

Abstract 
This talk involves an introduction to an extensive experimental-numerical research work currently 
conducted at Delft University to investigate the feasibility of using energy piles in daily engineering 
practice. Focus is placed on safety and energy efficiency of a single pile when subjected to severe 
boundary conditions and operation scenarios.   



Jacco Haasnoot 

Bio 
Jacco Haasnoot is senior specialist and director at CRUX Engineering, a Dutch engineering consultant 
in the field of geotechnics, geohydrology and environmental engineering. Jacco is 25 years active in 
the field of geotechnics and underground construction, following his Engineering Geology education 
at TU Delft. Key project in which Jacco was involved are North/South Line Amsterdam, bored tunnel 
De Rotterdamsebaan in The Hague, metrostation Rotterdam Central Station. In these and similar 
projects Jacco combines geotechnical expertise from a risk control perspective. This results in 
effectively applying ground improvement techniques, numerical analyses and monitoring in projects. 
Jacco is based in the Delft office of CRUX, where he is amongst others in charge of the CRUX R&D 
activities, such as atomization of design work flows and energy geotechnics.  Jacco is the Dutch 
representative in TC308 “Energy Geotechnics” of ISSMGE (International Society of Soil Mechanics 
and Geotechnical Engineering). 

Title 
Energy Quay Walls. 

Abstract 
Many quay walls in the historic inner cities of the Netherlands need to be replaced. During 
construction temporary valuable underground space is created that can be used to accommodate 
energy installations. The quay wall itself can also be a thermal active structure relying on both 
aquatic and geothermal energy. Two different alternatives  for quay walls incorporating thermal 
energy infrastructure have been designed. An evaluation of the different relevant aspects is 
presented for a case study. The influence on the mechanical performance of the energy quay wall 
has been evaluated and found to be reassuringly small. 



Session 1B (Chair: Jan Willem Rösingh) 

Martin Bloemendal 

Bio 
Martin Bloemendal is a specialist in geothermal energy storage and works on various studies on 
utilization of sustainable heat by means of seasonal storage in the subsurface. Martin does not focus 
on the technical aspects only; he also works on organizational and policy-based issues concerning 
sustainable heating and cooling. He has a clear vision for the use of the subsurface with geothermal 
energy. 
Martin obtained his PhD degree on Aquifer Thermal Energy Storage (ATES) via part-time research and 
is now involved in further research and education on ATES and BTES. He combines two part-time jobs 
at KWR and Delft University of Technology that allows him to identify and come up with the proof of 
concept of new solutions (@TUD), and also implement them in pilot projects (@KWR). 

Title 
Shallow geothermal and geotechnical structures, conflict of synergy? 

Abstract 
Due to the energy transition ATES and BTES use will increase significantly, as a result boreholes of 
these systems will be in, or near geotechnical structures. How does that interact with geotechnical 
structures or affect the geotechnical behavior? Limited is known on interaction of these type of 
systems, is this an important aspect to address, or are the mutual effects expected to be negligible? 
Some examples of interaction experiences are given, after which the floor is open for discussion on 
the importance of this topic. 



Peter Fokker 

Bio 
Dr. Peter A. Fokker is reservoir geomechanics scientist in the team “Applied Geosciences” of TNO, 
and he is part-time connected to the Politecnico di Torino in Italy, and to Utrecht University in the 
Netherlands. His research interests are related to the sustainable use of the subsurface in the field of 
reservoir engineering and reservoir geomechanics. His work focuses on forward and inverse 
modelling, with applications as productivity prediction and well testing, subsidence, fault 
reactivation, induced seismicity, fracturing, and wellbore stability. As a member of the Land 
Subsidence International Initiative of UNESCO, he is the Chair of the Scientific Committee of TISOLS, 
the Tenth International Symposium on Land Subsidence that will be organized in The Netherlands in 
April 2020. 

Title 
Pulse Testing for Monitoring Aquifer Thermal Energy Storage. 

Abstract 
Aquifer Thermal Energy Storage is an innovative technology for levelling the seasonal demand of 
geothermal energy. However, its success is critically dependent on the ability to recover the stored 
heat. An assessment of the technology thus requires pilots with extensive monitoring. We present 
pulse testing as a means to monitor the development of mobility around the wells. It provides the 
capability to assess the effect of stimulation, but also to give a good indication of the area of a 
heated zone.  



Hadi Hajibeygi 

Bio 
Hadi Hajibeygi is associate professor at the faculty of civil engineering and geosciences, where he 
leads Delft Subsurface Storage (DSS) theme and co-leads Delft Advanced Reservoir Simulation 
(DARSim). He received his PhD (with medal) from ETH Zurich in 2011 in fluid dynamics. During his 
PhD, he worked 9 months at Chevron Energy Technology Company in California. He was a 
postdoctoral scholar at Stanford University, Energy Resources Engineering, between 2011-2013, and 
finally joined TU Delft in 2013. Since 2017 he has been professor (guest) at Stuttgart University, 
awarded from Ministry of Science Research and Art. His research interests include multiscale 
modelling and simulation of multiphase flow, transport and mechanics in geological porous media. 

Title 
ADMIRE: an integrated geo-scientific approach for safe large-scale energy storage 

If we aim to switch our society energy supply to become fully renewable based, we must be able to 
store energy with the capacity of several hundreds of TWh. Electric-based batteries are far 
insufficient for this scale. Instead, natural geological formations provide giant capacities for 
renewable energy storage once this energy is converted into green fuels (e.g. hydrogen and 
methane). Being significantly important for energy transition, safe and efficient subsurface storage 
depends on geo-scientific breakthroughs in current methods, some of which will be resolved 
by the new concept, “ADMIRE” (Adaptive Dynamic Multiscale Integrated Reservoir Earth). 



David Smeulders 

Bio 
David Smeulders is Professor in Energy Technology at TU Eindhoven and Board member of the 
Topsector ‘TKI New Gas’. He graduated from TU Delft and did his PhD at TU Eindhoven. After working 
at the Civil Engineering Department in Delft for 15 years, he became professor at Mechanical 
Engineering in Eindhoven in 2010 where he is working on heat storage materials, porous media, and 
industrial cooling systems. 

Title 
Heat storage materials and MRI measurements. 

Abstract 
Most of the energy is used for heating purposes, either in industry or in the built environment. Heat 
storage can overcome the mismatch between heat supply (from rooftop solar collectors for example) 
and demand (for space heating and hot tap water). This storage can be diurnal or even seasonal. 
Different types of ‘heat batteries’ exist, from simple water tanks to advanced thermo-chemical 
materials. Working principles will be presented and measurement techniques to scan the interior of 
heat storage systems will be discussed. It was found out that compact heat batteries can store 
enough heat to overcome two weeks of ‘Dunkelflaute’. 



Session 2A (Chair: David Smeulders) 

Frank Wuttke 

Bio 
Frank Wuttke studied Civil Engineering at the Bauhaus-University Weimar. In 2005 he earned his 
doctorate. During his post-doctoral work, he had different research visits at the Bulgarian Academy of 
Science, Institute of Mechanics, at the Colorado School of Mines, Center of Wave Phenomena and at 
GeorgiaTech, Particulate Media Research Lab. In 2013 he earned his Habilitation and in the same 
year he starts at the new Professorship Marine and Land Geomechanics & Geotechnics at Kiel 
University. He is member of different national and international task forces in geotechnical, 
earthquake and energy-geotechnical fields. 

Title
Energy GeoStorage – Overview and position 

Abstract
With the target of energy and heat transition, three parts essential – production, transport and 
storage. The first point is running, the second point as far as possible technical solved and under 
construction but the third point is more or less still open. To store the needed amount of energy, 
large scale and small scale storages as major central and independent systems are indispensable. 
With increasing production of fluctuating renewable energy from sun and wind, energy Geostorage 
will play a major role in balancing the electricity grid and heat supply. 

Aquifers, caverns, depleted reservoirs, boreholes and adaptive storage home systems can all 
potentially be used to store energy in thermal, mechanical or chemical form. The scale of interest can 
range from kilometres for Aquifer Thermal Energy Storage (ATES) systems, to millimetres or even less 
in the case of hydraulic friction and heat exchange between pore fluid and grain surfaces. Projects 
and current developments will be discussed taking risk and cost aspects into consideration. 



Remco Groenenberg 

Bio 
Remco Groenenberg holds an MSc from Utrecht University and a PhD from Delft University where he 
studied turbidite reservoirs. He was business developer within the business unit "Salt" of AkzoNobel 
Industrial Chemicals (now Nouryon), initiating and developing subsurface storage projects as part of 
the company’s strategy on the re-use of salt caverns. At TNO, he is currently responsible for 
acquisition of contract R&D work, project/domain oversight, and geoscience consultancy in the field 
of large scale subsurface energy storage, energy system integration, and re-use of energy 
assets/infrastructure to accelerate the energy transition. 

Title 
Underground Hydrogen Storage – Key Enabler for Large-Scale Renewables Integration? 

Abstract 
Hydrogen is foreseen to play an important role in our future energy system. It is a versatile energy 
carrier that can be produced from renewable electricity (green hydrogen), and then used as a clean 
fuel to (re-)generate electricity and/or heat (hydrogen-fired power plants, fuel cells, mobility), or as 
carbon-free feedstock for the chemical industry. It is currently also the only means of storing large 
amounts of clean energy for periods of several days, weeks and seasons, and therefore has the 
potential of taking over the role of natural gas in securing supply of energy in our energy system. In 
this presentation, the key role that underground hydrogen storage  can play in enabling the 
transition to a renewables-based energy system will be explained, and the technology, potential, 
market readiness, and challenges of large-scale hydrogen energy storage will be reviewed. 



Session 2B (Chair: Joek Peuchen) 

Jasper Winkes 

Bio 
Jasper Winkes is the founder of the company that started the development of BLUE Piling 
Technology following his Master Degree in Mechanical Engineering at the Eindhoven University of 
Technology. In 2011 the development of BLUE Piling Technology was started and in 2019 IHC IQIP 
acquired the technology with the goal of making the technology market ready. 

Title 
BLUE Piling: A step change in driving down the largest monopiles 

Abstract 
Over the past decade offshore wind turbines have grown significantly and the preferable foundation, 
the monopiles, is now being used in deeper and deeper water. This has resulted in a massive increase 
of the size of monopile weights and dimensions; a trend that will continue for years to come. 
Meanwhile hard limits are put on the maximum allowable underwater noise to protect the wildlife. 
These developments are pushing the limits of conventional equipment. Therefor the development of 
a completely new installation technology; BLUE Piling is currently embraced by the industry leader in 
piling equipment; IHC IQIP. BLUE Piling Technology is a new pile driving technology that allows 
driving of the largest monopiles in the world while reducing the underwater noise at the source. 



Anouk Menkveld 

Bio 
Anouk Menkveld is a geotechnical engineer at Fugro, a company specialised in geo-intelligence. She 
has over 10 years’ experience in marine site characterisation , particularly geodata acquired by 
marine geophysics and marine geotechnics. Key stakeholders for marine site characterisation are 
government agencies and  the energy industries  

Title 
Marine Site Characterisation 

Abstract  
This presentation provides an overview of characterising and de-risking of the seabed for design, 
construction and maintenance of offshore wind farms including power cables. A recent wind farm 
development offshore the Dutch coast is used as example. 



Ronald Brinkgreve 

Bio 
Ronald B.J. Brinkgreve is Director Geotechnical Research, managing the Competence Centre Geo-
Engineering at Bentley / Plaxis in Delft, The Netherlands. In this position, he is responsible for the 
technical and scientific quality of the Plaxis geotechnical finite element software, which is used 
world-wide in analysis and design of geotechnical applications. In addition, Ronald is part-time 
Associate Professor at the Geo-Engineering section of the faculty of Civil Engineering & Geo-Sciences 
at Delft University of Technology. He is responsible for the course Behaviour of Soils and Rocks, guest 
lecturer in some other courses and he supervises Msc and PhD graduation students with their 
research projects.  

Title 
Monopile Design Tool for Offshore Windturbines. 

Abstract 
The PISA (PIle Soil Analysis) research project aimed to improve the design of monopile foundations 
for offshore wind turbines (OWT), focusing on laterally-loaded monopiles with length-to-diameter 
(L/D) ratios between 2 and 6. The project resulted in a novel one-dimensional (1D) design model 
which overcomes certain limitations in current practice. A new software tool called PLAXIS MoDeTo 
(Monopile Design Tool) has been developed based on this design procedure. This design tool 
facilitates the automatic generation and calculation of the 3D FE calibration models, the optimisation 
of the soil reaction curves and the conduct of the 1D design calculations. 



Tim Raaijmakers 

Bio 
Tim Raaijmakers is programme manager “Offshore Renewable Energy” at Deltares. Besides he has 
been working on a variety of consultancy and research projects in offshore engineering, in which he 
gained experience in physical and numerical modelling of offshore structures. His specialisms are 
seabed morphodynamics and scour (mitigation) of offshore structures. On the latter topic he is 
currently conducting a (part-time) PhD-research at Delft University of Technology within the STW-
EUROS research programme. Besides, he is coordinating Joint-Industry-Project HaSPro (Handbook 
Scour Protection methods) in which 22 industrial partners and research institutes develop new 
knowledge and guidelines on scour protection methods. 

Title 
Scour around offshore wind support structures: to protect or not to protect 

When offshore wind support structures are placed in an offshore environment with currents, waves 
and mobile seabeds, locally erosion pits will develop around the base of the foundations. This 
phenomenon is called scour and may affect the structural behaviour of the support. Several scour 
mitigation strategies can be adopted, ranging from adjusting the foundation design to allow for scour 
to protecting the seabed around the structure with a scour protection. Several mitigation solutions 
will be illustrated by means of a hybrid modelling approach combining laboratory experiments, field 
measurements and model predictions 



Session 3A (Chair: Siefko Slob) 

Dr. Carolina Sigaran-Loria  

Bio 
Carolina is Senior Geotechnical Earthquake Engineering Expert appointed at Royal HaskoningDHV 
and representative for The Netherlands at the Technical Committee TC203 ‘Earthquake Geotechnical 
Engineering and Associated Problems’ from the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). 
Carolina has a wide experience in seismic-related projects all over the world. Land reclamations, 
ports, airports, tunnels, hydropower dams, nuclear and other critical facilities, etc. She deals with 
international design approaches, identifying, characterizing and providing solutions for all types of 
geotechnical seismic risks. Besides, she has been involved in projects with related induced seismicity 
from dam reservoirs, shale gas, mining, and gas extraction in Costa Rica and in The Netherlands. She 
has multiple scientific publications and keeps an active cooperation in research and education with 
TU Delft on geotechnical seismic topics. 

Title 
Overview of induced seismicity event 

Abstract 
Seismicity induced by mining activities is known since about a century ago. The first documented 
case of wastewater injection related seismicity dates to the 1960’s in USA. Thereafter, isolated cases 
of seismicity associated to reservoirs filling, oil and gas and geothermal industry are described in 
scientific literature. Nevertheless, the cases of induced ground motions have rapidly increased during 
the last decades. Newer technologies develop and spread into areas where population perception 
and, in some cases, damages to property rise as well. In this presentation an overview of mechanisms 
and relevant global cases of induced seismicity by different technologies will be addressed. 



Apostolos Bougioukos 

Bio 
Apostolos is working for Witteveen+Bos in a group specialized in dynamics of soils and structures. 
Over the past years Apostolos has conducted many studies related to induced seismicity effects on 
infrastructure, lifelines, and industrial facilities. For Apostolos seismic design of liquid storage tanks, 
ground motion prediction equations and seismic signal processing form fields of specific interest. 
Recently Apostolos has participated as one of the key researchers in the KEM-02 research project 
validating the site amplification component of the Groningen Seismic Risk model, which has been 
conducted by a joint team of Witteveen+Bos, TNO and TU Delft. 

Title  
Induced seismicity effects on the built environment 

Abstract 
The presentation will address interesting developments related to induced seismicity engineering 
projects and research that have been conducted over the past years. Both specific topics of interest 
for Groningen and more generic induced seismicity issues will be discussed. Induced seismicity 
ground motion records, effects of wave propagation through different soils and the impact on 
structures form the key content of the presentation.  During the presentation specific attention will 
be paid to issues of specific importance for induced seismicity compared to tectonic seismicity. 



Cornelis Weemstra 

Bio 
Cornelis Weemstra is assistant professor of seismo-acoustics in the section Applied Geophysics 
and Petrophysics at the Department of Geoscience and Engineering of Delft University of Technology 
(The Netherlands). He obtained a BSc in Earth Sciences and an MSc in Geophysics from Utrecht 
University. After obtaining his PhD, and prior to his current position, he worked as a postdoctoral 
researcher at Delft University of Technology. During this period, he continued working on seismic 
interferometric imaging. His current research interests involve (i) the development of new 
interferometric methodologies, (ii) Markov chain Monte Carlo techniques in geophysics, and (iii) full-
waveform inversion. He is keen to apply these methodologies on various scales (from imaging rift 
zones to the behavior of rocks in a laboratory) and to various media (solid Earth, oceans, and 
atmosphere). 

Title 
Passive seismic measurements at the Nature's Heat Geothermal site in Kwintsheul, Netherlands. 

Abstract 
This presentation describes the project at Nature's Heat Geothermal site in Kwintsheul, Netherlands. 
In this project passive background vibrations in the subsurface are measured. The subsurface and 
the sources of the background vibrations (or microtremors) are mapped using seismometers. The 
main objective is to investigate whether it is possible to characterize the production and injection of 
geothermal fluids based on these seismic measurements. The measurements of the vibrations are 
made entirely passively, so without an active seismic source, which is normally used in exploration. 
For four months the seismometers will record all the natural vibrations, but also the vibrations of 
passing cars and trucks, for example. The research is carried out by GtS, TU Delft and Seismotech.



Eelco de Groot 

Bio 
Eelco de Groot works for Social License and is a Senior Lecturer Social Risk Management at the TU 
Delft. He has a Master Sociology and a Bachelor Business Administration and started his career in 
1996 at Accenture and has been working since for Cordaid and Royal HaskoningDHV. Since 2006 
Eelco works in the prevention and resolving of conflicts between complex energy and mining 
projects, communities and external stakeholders. In The Netherlands, he has been working on 
projects for the NAM, Cuadrilla and several other projects with controversy.  

Title 
Public Acceptance of Geothermal Energy. 

Abstract 
For all complex projects you need 3 things: expertise, money and permission. As an operator touching 
the sub-surface convincing arguments for the permitting authorities is not enough anymore. You will 
also have to deal with communities and interest groups that have their parallel truths and 
increasingly access to (social) media and decision makers in politics and at financial institutes. If you 
don’t deal with this no permission – no innovation –no business. What is the role science can play? 



Session 3B (Chair: Jorien Schaaf) 
 
Anne Pluymakers 

 
Bio 
The main theme throughout the research of Dr. Pluymakers is the effects of fluid-rock interactions on 
rock mechanical behavior, with special emphasis on the mechanical characterization of reservoir-, 
cap- and fault-rocks. Dr. Pluymakers obtained an experimental PhD in the effects of CO2 on the fault 
mechanics of anhydrite-bearing fault zones from Utrecht University in 2015. From 2015-2018 she 
was at Physics of Geological Processes at Oslo University, working on fractures in shale, including 
experimental work on CO2-shale interaction. In 2018, Dr. Pluymakers came to Delft with a VENI grant 
on the effects of pore fluid type on limestone deformation behavior. 
  
Title 
Rock mechanics experiments in the lab for geothermal engineering 
 
Abstract 
During geothermal heat production and re-injection effective stress, pressure and 
temperature change. This is also why the re-injected pore fluid is chemically different from the 
extracted fluids. At TUD, the experimental rock mechanics team works on determining the 
mechanical and chemical effects of these changes on rock mechanical properties. Changing stresses 
leads to changing porosity and permeability due to compaction and fracture development, whereas 
changing the pore fluid chemistry can affect the strength of chemical-sensitive rocks. Extensive 
laboratory testing allows constraining relevant parameters for reservoir models and for knowledge-
based extrapolation to optimize production and injection. 
 
 
  



Mahtab Mozafari  
 
 
Bio 
Mahtab has a PhD in diagenesis of carbonates from Catholic University of Leuven (KU Leuven, 
Belgium), and now is a geoscientist at ebn. Her work at ebn has been majorly focused on the 
feasibility study of the Dinantian carbonates for development of geothermal systems in the Dutch 
subsurface. Her prior works includes carbonates sedimentology, structural diagenesis and geofluid 
analysis of the carbonate reservoir analogues (case studies in Iran, Oman, Italy, Turkey, Croatia and 
Brazil). 
 
 
Title 
Parameters controlling the quality of the potential heat reservoirs: The Dinantian carbonates of the 
Netherlands. 
 
Abstract: 
The Dinantian carbonates are considered as potential targets for development of medium to high 
temperature geothermal energy systems in the Netherlands and neighbouring countries. A 
fundamental question is their reservoir quality and controlling parameters. To characterize such 
properties, a comprehensive facies and diagenesis analyses enabled by petrography, geochemistry 
and microthermometry, integrated with seismic stratigraphy was conducted on 11 cored wells from 
on- and offshore Netherlands. This study was conducted within the framework of the Ultra Deep 
Geothermal program, supported by the Dutch government, to assess the potential of the Dinantian 
carbonates for high temperature geothermal. 
 
 
  
  
  



Paul van den Hoek 

 
 
Bio 
Paul van den Hoek has almost 30 years’ experience in the oil and gas industry. He worked for Shell in 
the areas of reservoir geomechanics, formation damage, pressure transient analysis, (assisted) 
reservoir history matching, and sand production & control. He is currently employed with Panterra 
where he mainly works on the geomechanics and formation damage of geothermal operations. 
 
Title 
Semi-quantitative assessment of seismic risk in hydrocarbon and geothermal reservoirs. 
 
 
Abstract 
Both hydrocarbon and geothermal reservoirs are intersected by faults. Operation of these reservoirs 
may cause the faults to become unstable potentially resulting in significant shear slip. A consequence 
of such slip may be enhanced seismicity (“earth quakes”) at surface. We developed a simple 
methodology to assess seismic risk for hydrocarbon and geothermal reservoirs. The methodology 
uses an elastoplastic finite element model of the reservoir in question. The finite element model is 
fully coupled with (transient) fluid flow and heat diffusion, including the resulting poro-elastic and 
thermo-elastic stress changes. This model has been applied to the Groningen gas field in the 
Netherlands and for cooling of the reservoir due to geothermal operations. 
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