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The aim of the research programme DeepNL is 
to contribute to a better understanding of how 

the deep subsurface behaves under the 
influence of human interventions. In addition, the 
programme aims to strengthen and integrate the 
research community in the Netherlands around 

this theme.

Cover illustration: The lines represent the peak ground acceleration recorded during the 
magnitude 3.6 earthquake near Huizinge in the province of Groningen on August 16, 2012 

(courtesy of KNMI).
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How do you look back on 2020? 

‘We presented our previous annual report during the 

stakeholders’ meeting in February 2020. Little did we know, 

that this would be the last time that year that we could 

physically meet. Soon after, COVID-19 hit, and it hit hard. 

After the projects had been granted and all PhD students 

and postdocs had been appointed through the course of 

2019, 2020 was supposed to be the year in which we would 

start to see the first substantial research results. But with  

a pandemic that fundamentally altered our lives, DeepNL 

research plans had to be readjusted as well. University 

offices and labs were closed down in spring, and so far 

reopened with limited access only. Nevertheless, the 

DeepNL researchers showed remarkable resilience, and 

managed to achieve impressive progress by jumping on 

what did remain possible. In projects encompassing both 

laboratory experiments and numerical experiments, the 

planning was adapted – wherever possible – by focusing 

first on numerical studies. As a result, researchers 

succeeded in presenting their first findings at both national 

(NAC) and international conferences (EGU, AGU and other 

meetings) and the first papers were published. In short,  

I am very proud of all of the efforts the researchers made to 

keep going, despite the restrictions.’  

 

How did the community stay in touch? 

‘On Friday 21 February 2020 we had a normal stakeholders’ 

meeting, where the eight research projects that were funded 

within the first DeepNL round presented the progress they 

had made in 2019. Chris Spiers also gave a very useful 

overview of recent research on reservoir compaction and 

fault friction at Utrecht University. PhDs and postdoc 

researchers active in the programme had ample 

opportunities to meet stakeholders. During the meeting,  

the first seeds were planted for future collaborations. 

After this meeting, DeepNL researcher Ylona van Dinther 

took the initiative to organize a DeepNL summer school on 

induced seismicity. This ultimately took the shape of a series 

of excellent webinars that were broadcasted in July 2020. 

The summer school attracted lots of external participants, 

both from stakeholders’ organisations and abroad. As a 

programme committee, we highly appreciate these types of 

initiatives, and we try to support them whenever possible.  

On Thursday 19 November, we held our annual scientific 

meeting through Zoom. PhD students and postdoc 

researchers as well as principal investigators gave very 

adequate reports on their results and on how they adapted 

to the challenging circumstances. In the afternoon, with an 

eye to the future of DeepNL, we started coupling our 

research to a broader field of applications during a working 

session aimed at geothermal energy production.’ 

 

Has it also been possible to tighten the 
bonds with the Knowledge Programme on 
the Effects of Mining this year? 

‘A good question, and the answer is: Yes, we made progress. 

Two aspects of our collaboration with the KEM-programme 

are worth mentioning here. In the first place, we agreed to 

organize a joint series of colloquia, the first of which has been 

held in January 2021. Furthermore, DeepNL researcher Femke 

Vossepoel has been asked to join the KEM subpanel that 

advises on the further development of a risk tool for the 

Groningen earthquakes. I hope this will be a first step towards 

closer and more extensive contacts in developing the risk 

tool. Close contact with fundamental research efforts such  

as those in DeepNL are crucial for continuous updating and 

being in the forefront of international developments.  

 

How relevant is the DeepNL research once 
the termination of gas extraction in the 
Groningen gas fields has come into effect? 

‘To a certain extent, the upcoming parliamentary enquiry on 

gas production in Groningen is a consequence of the fact 

that there has not been any DeepNL-type of research 
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Introduction 
 

2020 was the first full year for the DeepNL research projects. In this interview, chair of the 

programme committee Rinus Wortel looks back on a turbulent yet remarkably fruitful year of 

research into subsurface processes that result from human activity.



programme in the past. Now the subsurface finally gets the 

attention it should have had years ago. With DeepNL we 

want to better prepare for the consequences of 

interventions in the subsurface in a broad sense. DeepNL 

research goes beyond gas extraction and related 

seismicity; it is just as relevant for effects of geothermal 

energy production or injection of hydrogen and greenhouse 

gases like CO2. It is exactly for this reason that – as I 

mentioned earlier – we started to explore a broader set of 

applications of ongoing DeepNL research. In general, future 

applications and addressing future subsurface-related 

problems require continuity in DeepNL type of research, 

with attention for long-term aspects of the processes 

involved.’  

 

In the previous annual report, you 
announced a tenure track call and a call for 
smaller projects. What is the status of 
those? 

‘First of all, I am glad that, in spite of the difficult year, the 

delay in preparing and launching these calls have been 

minimal. I compliment the NWO DeepNL team for this and 

other related achievements. This February, the tenure track 

call resulted in three excellent researchers appointed on 

tenure track faculty positions at three different universities: 

the University of Twente, Eindhoven University of 

Technology and the University of Groningen. Later this 

spring, the small projects will be awarded, which probably 

encompass smaller elements of projects that were not 

successful in the first DeepNL funding round as well as 

newly proposed projects, each for one PhD student or 

postdoc. With both calls, we strengthen the foundations for 

research on understanding of the subsurface, expand the 

community of researchers to new host institutions and 

address knowledge gaps as planned. 

 

What do you hope 2021 will bring? 

‘First and foremost I hope that our researchers will be able 

to fully re-enter the labs and conduct their experiments as 

planned. Last year has shown that DeepNL researchers are 

able to keep up the spirit, even in the most challenging of 

times. Personally, I found the series of summer school 

webinars that was organised bottom-up by the research 

community itself an encouraging proof of great 

commitment. I hope that over the next years, we can build 

on this enthusiasm, tighten the connections with our 

stakeholders, and – together with the KEM programme – 

work toward a true Dutch National Research Agenda on 

subsurface processes with a strong involvement of the 

excellent and enthusiastic DeepNL research community.’  
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Rinus Wortel 
chair programme committee DeepNL



DeepNL Stakeholder Meeting  

On Friday 21 February the annual 

Stakeholder Meeting of DeepNL took place. 

Ninety DeepNL researchers, interested scientists and 

professionals from the public and private sector came 

together in the auditorium of the NWO building in Utrecht. 

The morning was dedicated to progress presentations by 

the eight DeepNL research projects and introduction of the 

newly appointed PhD students and postdocs. Rinus Wortel, 

chair of the DeepNL programme committee, emphasised 

the importance of keeping an open view as researchers, to 

carefully take into account previous research, and to build 

synergy with parallel research initiatives. In this spirit, the 

programme continued with a presentation by Chris Spiers 

who presented the results of several recently completed, 

NAM-funded research projects at Utrecht University. He 

showed that the compaction of Slochteren sandstone does 

not merely result from the crushing of grains, but that the 

compression of fine clay layers between the grains plays an 

important role as well. Other experiments provided insight 

in the reactivation of faults and in which type of rock layers 

this more prone to lead to seismicity. A similar talk by  

Chris Spiers within the GeoScience & GeoEnergy Webinars 

can be found online. In the afternoon Ipo Ritsema gave  

a presentation on the relation between DeepNL and  

the research being carried out within the Knowledge 

Programme on the Effects of Mining (KEM). A discussion 

with the audience on the future plans and funding 

opportunities of DeepNL wrapped up the day. The audience 

showed much interest in the interfaces with other activities 

in the subsurface like energy and CO2 storage and 

geothermal energy production, which would be important 

to provide a knowledge base for the realisation of the 

energy transition and for the estimation and mitigation of 

the potential risks of these new activities. The second 

annual report was presented at the meeting and can be 

downloaded from the DeepNL website.   

 

 
Femke Vossepoel at the DeepNL Stakeholder Meeting 
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Looking back on 2020 
 

The research teams of the eight running DeepNL projects focused on advancing their 

respective projects and work packages. The stakeholder meeting in February and the 

Netherlands Earth Science conference (NAC) in March were a promising start of the year. 

Unfortunately, on the second day of NAC, the new COVID-19 reality also hit the Dutch field of 

earth sciences. Researchers had to adjust their plans for the remainder of 2020, conferences 

now took place online and the DeepNL summer school, that was planned for July, was 

transformed into a successful webinar series on induced seismicity. Due to great flexibility  

and commitment of DeepNL researchers, 2020 resulted into many new promising (preliminary) 

results, research ideas and collaborations.

FEBRUARY 

21

https://www.youtube.com/watch?v=u0E9-niNXq4
https://www.nwo.nl/sites/nwo/files/documents/Annual%20report%20DeepNL%20II%2C%202019.pdf


 

NAC2020 

The annual Netherlands Earth Sciences 

Congress (NAC), organised by NWO, was 

held at the Van der Valk hotel in Utrecht and was attended 

by many DeepNL researchers. With over 400 registrations, 

160 posters, 127 parallel sessions, 4 keynotes and  

various prize ceremonies, the programme was promising. 

The highlights for DeepNL were the many contributions  

by the new PhDs and postdocs in the poster session and 

two dedicated DeepNL sessions with oral presentations. 

Unfortunately, midway, the NAC congress had to close  

its doors. Due to the spread of the new coronavirus, 

meetings of more than 100 visitors were cancelled with 

immediate effect. 

 

 
DeepNL Webinar Series on 
Induced Seismicity 
 

In July DeepNL organised a webinar series 

on induced seismicity as an online alternative for the 

summer school that was initially planned. The organising 

committee consisted of several DeepNL project leaders 

(Ylona van Dinther, Chris Spiers, Jan Dirk Jansen and Kees 

Weemstra) and the DeepNL programme office. The webinars 

aimed at offering the DeepNL early career researchers a 

strong knowledge base and at stimulating cooperation 

within and outside of DeepNL. The programme included 

lectures on Earthquake Physics, Reservoir Mechanics, 

Imaging Seismicity and Seismicity in Groningen, from both 

lab and modelling perspectives. There were contributions 

from national experts and renowned international experts 

such as Jean-Philippe Avouac, Jean Paul Ampuero, Torsten 

Dahm and Mark Zoback. 170 participants from 26 countries 

registered for the webinars, including researchers and 

professionals from the public and private sector. Pitches by 

the DeepNL PhDs and postdocs set the stage for the 

exploration of possible collaborations. The lectures were 

recorded and can be found on the DeepNL website .
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NWO Domain Science director Arian Steenbruggen at NAC. 

MARCH 

12-13
JULY 

6-10

https://www.nwo.nl/en/researchprogrammes/deepnl/meetings


Deadline DeepNL tenure  
track call 
 

Within the DeepNL Call for Tenure Track 

Candidates (call 1b) it was possible to request funding for a 

personal grant for a tenure track position at a Dutch 

university and an accompanying research project. The aim 

of this call was to stimulate continuity of fundamental 

research on the subsurface dynamics caused by human 

activities in the Netherlands and to strengthen the DeepNL 

network with new promising researchers. The deadline for 

submitting a proposal was postponed due to the pandemic 

with three months until 15 September 2020. Following 

careful evaluation by reviewers, the independent 

assessment committee conducted interviews with the 

candidates in order to advise the NWO Domain Science 

Board on the awarding of three grants. DeepNL welcomes 

Johannes Miocic (University of Groningen), Tanmaya Mishra 

(University of Twente) and Maja Rücker (Eindhoven 

University of Technology) to the DeepNL community. The 

three researchers introduce themselves and their research 

plans in this annual report. 

 

 

 

 

Deadline DeepNL Call 2a 

Within the third call for proposals of the 

DeepNL programme, applicants could 

request funding for a research project with the approximate 

size of one PhD or postdoc position. The call was developed 

with the aim to provide opportunities for promising parts of 

proposals that could not be funded in previous DeepNL 

calls, addressing knowledge gaps and broadening of the 

DeepNL network. Proposals were requested to provide an 

added value to ongoing research that focusses on the 

dynamics of the subsurface as a consequence of gas 

production in the Groningen reservoir and were encouraged 

to develop process understanding and methodologies  

that are also relevant for other subsurface activities like 

production from small gas fields, geothermal energy 

production and storage of either CO2 or energy. The 

submitted research proposals are now under evaluation.  

The NWO Domain Science Board is expected to decide on 

funding a maximum of seven projects in June of 2021.  

 

DeepNL Scientific Meeting 

The annual DeepNL Scientific Meeting took 

place online on Thursday 19 November. This 

internal DeepNL meeting primarily aims at providing an 

opportunity for researchers within the DeepNL programme 

to present and discuss progress and results. In addition, 

Ronald Pijnenburg, EPOS-NL’s project manager, gave  

a presentation on the possibilities offered by EPOS-NL  

for data sharing and access to experimental facilities and 

data sources. In the programme attention was also paid  

to the broader application of current research through  

a keynote by David Bruhn on the characteristics and 

scientific challenges of geothermal energy production in 

the Netherlands. This lecture was recorded and can be 

viewed on the DeepNL website. Finally there was a case 

study session in which the PhD students and postdocs 

brainstormed in mixed groups about the broader 

application of their research and expertise for scientific 

issues regarding geothermal energy production.  

 

 

 

 

 

 

Continuous activities DeepNL 
programme committee and 
programme office 

During the course of 2020 the DeepNL programme 

committee held two dedicated meetings and discussed 

topics such as the coherence and aims of the programme, 

the position of DeepNL in a broader landscape, the 

programme for the DeepNL meetings and the plans and 

outline for the calls for proposals. There were several 

interactions between DeepNL and the KEM programme. 

The chair of the programme committee, Rinus Wortel, was 

invited to several meetings of the KEM expert panel and the 

secretaries of both programmes had regular meetings to 

discuss and align activities. The NWO programme office 

maintained close ties with the consortium behind the 

EPOS-NL research infrastructure project. In addition, 

DeepNL secretary Niels van den Berg took on the role of 

vice-chair in the General Assembly of the EPOS ERIC, the 

European Research Infrastructure for Solid Earth Science. 
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https://www.youtube.com/watch?v=Uw2pDniu22Y


Hanssen et al.Hicks et al.

Surface effects of seismicity, subsidence

Trampert et al. Wapenaar et al.

Cluster 2

Monitoring conditions andforecasting effects  

9 
PhDs

1 
Postdoc

Jansen et al. Vossepoel et al.

Niemeijer et al. Hangx et al.

Miocic Mishra

Rücker

Cluster 1

Analysis of processes and conditionsleading to 
seismicity and subsidence 

Overview of the projects 

The overview on the next two page provides the most 

important characteristics of each project. The project leader 

(PI) is followed by the associate project leaders (co-PI) and 

the PhD students & postdoc researchers (PhD & PD). The 

appendix contains profile photos of all involved researchers. 

In the following subchapters the eight ongoing projects 

provide a summary of their progress and results. The three 

tenure track researchers are portrayed in individual 

interviews throughout the report. 
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DeepNL research projects 
 

The eight projects that received funding within the first funding round of DeepNL form the 

basis for the research programme. The projects can be grouped into three clusters based on 

their research focus and interfaces. The three newly funded tenure track projects can all be 

positioned in cluster 1.

Monitoring 
conditions

Forecasting effects

11 
PhDs

9 
Postdocs

Forecasting aspects of seismic  
activity testing models

6 
PhDs

1 
Postdoc

Cluster 3
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A multiscale, multi-physics framework for modelling the geomechanical 
response of sandstone reservoirs to pore fluid extraction 

 
PI: Dr Suzanne Hangx (UU)  

Co-PI: Prof. Martin Drury (UU); Dr Helen King (UU);  

Dr Oliver Plümper (UU); Dr Cedric Thieulot (UU)  

PhD & PD: Dr. Hadi Mehranpour (UU); Takahiro Shinohara (UU);  

Floris Teuling (UU) 

Budget: € 915,331 through call 1a 

Personnel: 2 PhDs + 1 postdoc 

 
Science4Steer: a scientific basis for production and reinjection strategies 
to minimise induced seismicity in Dutch gas fields 

 
PI: Prof. Jan Dirk Jansen (TUD)  

Co-PI: Dr Auke Barnhoorn (TUD); Dr Hadi Hajibeygi (TUD);  

Dr Suzanne Hangx (UU); Prof. Chris Spiers (UU); Dr Denis Voskov (TUD) 

PhD & PD: Dr Jianye Chen (TUD); Dr Mark Jefferd (UU);  

Milad Naderloo (TUD); Aleksei Novikov (TUD);  

Sara Shokrollahzadeh Behbahani (TUD) 

Budget: € 1,451,531 through call 1a  

Personnel: 3 PhDs + 3 postdocs + 2 non-scientific personnel 

 

Probing the micromechanics of small magnitude earthquake slip 
 
PI: Dr André Niemeijer (UU)  

Co-PI: Dr Mark Dekkers (UU) 

PhD & PD: Dr Annika Greve (UU); Chien-Cheng Hung (UU);  

Dr Marcel Mizera (UU) 

Budget: € 725,576 through call 1a  

Personnel: 1 PhD + 2 postdocs

InFocus: An Integrated Approach to Estimating Fault Slip Occurrence 
 
PI: Dr Femke Vossepoel (TUD)  

Co-PI: Dr Ylona van Dinther (UU); Dr André Niemeijer (UU) 

PhD & PD: Hamed Diab (TUD); Dr Mohsen Goudarzi (UU);  

Meng Li (UU) 

Budget: € 818,831 through call 1a  

Personnel : 2 PhDs + 1 postdoc 

 
The role of heterogeneity in controlling the geomechanical behaviour of 
sandstone reservoirs 

 
PI: Dr Johannes Miocic (RUG) 

Budget: € 749,754 through call 1b  

Personnel : tenure track + 1 PhD 

 µFAULT - scaling friction from micro-contacts to faults at the reservoir 
scale 

 
PI: Dr Tanmaya Mishra (UT) 

Budget: € 750,000 through call 1b  

Personnel : tenure track + 1 PhD 

 
Making digital rocks a practical reality for energy storage within 
subsurface reservoirs 

 
PI: Dr Maja Rücker (TU/e) 

Budget: € 1,093,043 (€ 350,00 co-funding)  through call 1b  

Personnel : tenure track + 1 PhD + 1 postdoc

Comprehensive monitoring and prediction of seismicity within the 
Groningen gas field using large-scale field observations 

 
PI: Prof. Jeannot Trampert (UU)  

Co-PI: Prof. Marie-Colette van Lieshout (UT/CWI);  

Dr Hanneke Paulssen (UU); Dr Kathrin Smetana (UT) 

PhD & PD: Zhuldyzay Baki (UT); Thomas Cullison (UU);  

Eldert Fokker (UU); Dr Rhys Hawkins (UU); Janneke de Jong (UU); 

Muhammad Hamza Khalid (UT) 

Budget: € 1,590,670 through call 1a 

Personnel: 5 PhDs + 1 postdoc 

 
DeepImage: Multi-scale geophysical imaging, monitoring and forecasting of 
induced seismicity 

 
PI: Prof. Kees Wapenaar (TUD) 

Co-PI: Dr Auke Barnhoorn (TUD); Dr Devan Draganov (TUD);  

Dr Ranajit Ghose (TUD); Dr Kees Weemstra (TUD/KNMI) 

PhD & PD: Iban Masfara (TUD); Jingming Ruan (TUD);  

Faezeh Shirmohammadi (TUD); Aukje Veltmeijer (TUD) 

Budget: € 1,053,152 through call 1a  

Personnel: 4 PhDs

Cluster 1: Analysis of processes and conditions that lead to seismicity and subsidence

Cluster 2: Monitoring of seismicity-related conditions and predicting seismicity 
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Monitoring and Modelling the Groningen Subsurface based on integrated 
Geodesy and Geophysics: improving the space-time dimension 

 
PI: Prof. Ramon Hanssen (TUD)  

Co-PI: Dr Esther Stouthamer (UU); Dr Rob Govers (UU); Dr Femke 

Vossepoel (TUD) 

PhD & PD: Ali Amootaghi (TUD); Udit Asopa (TUD); Chayenne Janssen 

(UU); Samantha Kim (TUD); Marius Wouters (UU) 

Budget: € 1,233,808 through call 1a  

Personnel: 5 PhDs + 1 non-scientific personnel 

 

SOFTTOP: Investigating heterogeneous soft top soils for wave propagation, 
cyclic degradation and liquefaction potential 

 
PI: Prof. Michael Hicks (TUD)  

Co-Pi: Prof. Cristina Jommi (TUD); Dr Mandy Korff (TUD/Deltares) 

PhD & PD: Hilmi Bayraktaroglu (TUD); Ching-Yu Chao (TUD); Dr Jose 

Leon Gonzalez Acosta (TUD) 

Budget: € 1,042,454 through call 1a  

Personnel: 2 PhDs + 1 postdoc + 1 non-scientific personnel

Cluster 3: Surface effects of seismicity and soil subsidence



Cluster 1 
Progress and results of the running projects 

Analysis of processes and conditions that lead to 
seismicity and subsidence



Project leaders: Dr Suzanne Hangx (UU),  

Prof. Martyn Drury (UU), Dr Helen King (UU),  

Dr Oliver Plümper (UU) and Dr Cedric Thieulot (UU) 

Researchers: Dr Hadi Mehranpour (UU, WP3),  

Takahiro Shinohara (UU, WP1), Floris Teuling (UU, WP2) 

 

Research question 
Reservoir compaction can result in surface subsidence and 

induced seismicity, which may continue even after 

production is stopped. This project aims to develop a 

physics-based model for time-dependent, inelastic 

compaction of sandstones under in-situ conditions, that 

takes grain-scale processes into account. The ultimate aim 

is to predict how much compaction will take place in the 

future, even after the gas tap has been turned off.  

 

Research focus in 2020 
Due to long periods of lab closure, the planned modelling 

work has been pushed forward. The research focused on 

developing and validating numerical models that describe 

how local force distributions in the grains and in the contact 

between the grains will affect compaction in the entire 

reservoir. During the operation of a gas field, different 

mechanisms play a role at different stages. During the 

production phase, previous studies have shown that 

compaction of and slip along intergranular clay layers turns 

out to be the dominant effect.  

 

At a later stage, inelastic deformation due to grain sliding 

and slow, time-dependent, grain failure could become more 

important. In the very long term, higher stresses at fluid-

filled grain contacts may lead to enhanced solubility of the 

grains, which may result in (minor) ongoing compaction. In 

this project these latter, time-dependent, mechanisms are 

studied. 

 

Takahiro Shinohara looked at the distribution of forces 

within the grains themselves. Floris Teuling focused on the 

water film between different grains and how this influences 

their dissolution behaviour. Hadi Mehranpour worked on a 

centimetre-scale model that describes the interaction 

between the grains and how this changes as a result of 

changes in the force field.  

 

Hadi takes the mechanistic descriptions of Taka and Floris, 

and combines them into an integrated model, which can 

serve as a basis to accurately predict future subsurface 

behaviour based on in-depth understanding of the physical 

mechanisms that underlie compaction. 

 

Results 
Despite COVID-19 restrictions, all three researchers made 

good progress.  

 

Floris Teuling used molecular dynamics simulations to look 

at thin fluid films under stress. For the first time ever he 

determined the thickness of fluid films that persist between 

grains, under high stress. He also studied the variation of  

the diffusion coefficient under different normal stresses. 

This will serve as input for refining existing models to 

describe stress-enhanced dissolution-precipitation. As a 

next step, he will include thin intergranular clay films and 

study their effects on fluid film thickness. 

 

Takahiro Shinohara used a finite element method to 

describe the interplay of forces between the grains in a 

realistic grain-scale scenario, where the grains are not 

perfect spheres with point contacts, but show flattened 

contacts, representative for real sandstones. He used this 

model to study the effect of pore pressure depletion on 

different grain assemblies consisting of different minerals, 

representative for the Groningen reservoir rock. 

 

During previous work together with NAM, Hadi Mehranpour 

developed a discrete element model specific for Slochteren 

sandstone, including the  deformation of thin intergranular 

clay coatings. Using this existing code he assessed the 

effect of loading path on compaction behaviour, showing 

that the ‘intermediate stress’ plays a significant role in 

controlling the compaction behaviour, particularly for highly 
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A multiscale, multi-physics framework for modelling 
the geomechanical response of sandstone reservoirs 
to pore fluid extraction



porous portions of the reservoir. This provides a basis for 

predicting the in-situ state of stress in the field. In addition, 

he investigated the effect of layering, caused by local 

variations in porosity and grain size, on compaction 

behaviour. These results help us to develop ideas about 

how to upscale these centimetre-scale results to the metre-

scale, for which some averaging of the behaviour will be 

needed. 

 

Focus for 2021 
In 2021, we hope to be able to start conducting 

experiments to gain insights into the different mechanisms 

that play a role in granular compaction. We plan to 

experimentally study stress-enhanced dissolution and 

contact processes at the nanometre scale, particularly in 

the presence of thin intergranular clay films. Furthermore, 

we will conduct centimetre-scale experiments with both 

material from the Groningen gas field supplied by NAM and 

analogue sandstones as reference samples to look at slow, 

time-dependent, failure of grains and its impact on the rate 

of compaction. By using the novel high resolution methods, 

such as the CT scanner acquired through EPOS-NL and 

different electron microscopy techniques, we will be able to 

observe the grain deformation mechanisms under different 

pressures and stresses.   

 

Relevance for stakeholders 
Current and future predictions of gas reservoir behaviour 

are often extrapolated from past behaviour, without 

understanding the underlying, often time-dependent, 

mechanisms. This makes these predictions unreliable under 

changing circumstances. Since the amount of compaction 

of the heavily faulted reservoir at depth is directly linked to 

induced seismicity, this research is relevant for all 

stakeholders involved in DeepNL. Also beyond DeepNL, the 

research results are important in the light of the energy 

transition. If you are planning on using the subsurface to for 

example store H2 or CO2, or if you want to explore the 

possibilities of implementing geothermal energy solutions, 

understanding the behaviour of subsurface sandstone on 

different timescales is crucial. 

 

Connection with other DeepNL projects 
The most obvious and most tight collaboration exists with 

the Science4Steer project, since it studies cyclic changes 

in the reservoir, also with respect to future activities such as 

fluid injection. This connection is firmly established through 

the involvement of Suzanne Hangx in both projects. 

There is also an interesting link with the SOFTTOP project, 

which studies loose sand behaviour in more shallow layers. 

There the same mechanisms play a role, but more slowly or 

less extensively. The first contacts have been established, 

but at the moment it is still too early for real cooperation.  

 

Output 
Oral presentations at GeoUtrecht 2020 (Aug 2020) and NAC 2020 

(March 2020): Shinohara, Thieulot, Hangx. Quantifying grain contact 

and grain volume stress-strain fields in simulated sandstone: a high-

resolution FEM approach.
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Overview of how the different aspects investigated so far link together. A. Atomic scale modelling of fluid-filled grain contacts provides insight 
into stress-driven mass transfer processes. B-C. Grain-contact and grain-scale stress distribution drives mechanisms such as shown in (A) and 
the fracturing of grains. D-E. Laws describing these mechanisms will be incorporated into particle models to predict compaction behaviour at the 
cm/dm-scale for different conditions, such as porosity layering (D) and stress (E). These numerical predictions will form the basis for larger scale, 
reservoir predictions of compaction at depth.



Project leaders: Prof. Jan Dirk Jansen (TUD),  

Dr Auke Barnhoorn (TUD), Dr Hadi Hajibeygi (TUD),  

Dr Suzanne Hangx (UU), Prof. Chris Spiers (UU) and  

Dr Denis Voskov (TUD) 

Researchers: Dr Jianye Chen (TUD, WP2), Dr Mark 

Jefferd (UU, WP1), Sara Shokrollahzadeh Behbahani 

(TUD, WP5), Milad Naderloo (TUD, WP3), Aleksei 

Novikov (TUD, WP4) 

 

Research question 
The aim of the Science4Steer project is to understand the 

effects of time-varying pressures, stresses and strains 

resulting from gas production and (re-)injection in the Dutch 

subsurface as a basis for operational strategies to minimise 

the seismic hazard.  

 

Research focus in 2020 
For most researchers involved, 2020 was their first full year 

which therefore had a strong emphasis on getting to grips 

with the topic, building basic understanding of methods, 

exploring possible solutions, performing pilot experiments 

or coding prototype software. Extra effort has been put in to 

build coherency in the team through weekly (virtual) 

meetings between the Delft and Utrecht participants.  

 

Results 
Our two ‘numerical’ PhDs, Aleksei and Sara, made rapid 

progress in the development of simulation software to 

simulate coupled flow and poromechanics. Where Sara 

focuses on simulation on unstructured grids and Aleksei on 

creating a basis for multiscale simulation, they both 

developed fault representations (one unstructured 

conformal, the other embedded) of gradually increasing 

complexity. Our ‘experimental’ PhD Milad and postdocs 

Jianye and Mark obviously were heavily hit by closure of the 

labs in Delft and Utrecht as a result of the COVID-19 

pandemic. Nevertheless they all three produced valuable 

results, including understanding of the plastic deformation 

of reservoir rock under fluctuating pressures and stresses; 

insight in how fluctuating normal stresses on a fault 
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influence the slip; and observations of the acoustic 

emission of seismic signals as a result of fluctuating 

stresses in faults.   

 

Focus for 2021 
After a year of exploration and pilot studies we will start 

2021 with a review session to reaffirm the project goals, and 

where necessary adjust them. The main aims will be to 

prioritise the many development options for the numerical 

research projects and to define the key experiments that 

will be needed as input for the constitutive relationships in 

the numerical models (quantifying how reservoir strains and 

fault slip depend on fluctuating pressures and stresses). 

Based on these priorities we will work the plan, both on the 

numerical and the experimental side. One specific goal will 

be to develop the simulation software capacity to such an 

extent that key physical aspects of the experiments can be 

simulated.  

 

Relevance for stakeholders 
The results of our project will be of relevance to the 

management of the late effects of gas production in 

Groningen, where pressure equilibration after stopping 

production will result in a continued pressure drop in some 

parts of the field, whereas other parts will experience a 

pressure increase. Moreover, our findings will be relevant for 

other subsurface locations that will be used for seasonal 

storage of natural gas or hydrogen.  

 

Connection with other DeepNL projects  
Clear links exist with elements of the other three projects in 

the cluster ‘Analysis of processes and conditions leading to 

seismicity and subsidence’. This involves in particular 

experimental work in the project of Hangx et al. and 

Niemeijer et al., and the numerical work in the project of 

Vossepoel et al.   

 

Output 
Naderloo, M., Barnhoorn, A., Veltmeijer, A. and Jansen, J.D. (2020):  

Using the acoustic emission technique to monitor the micro-seismic 

evolution in lab-scale samples. Poster presentation, NAC 

(Nederlands Aardwetenschappelijk Congres). 
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Real and schematic illustration of fault reactivation setup. Monitoring of acoustic emission (AE) activity and sliding behaviour of saw-cut sample 
by using two AE sensors.



Project leaders: Dr André Niemeijer (UU) and Dr Mark 

Dekkers (UU) 

Researchers: Dr Annika Greve (UU, WP1), Dr Marcel 

Mizera (UU, WP1), Chien-Cheng Hung (UU, WP2) 

 

Research question 
How hot and weak do faults get during small magnitude 

earthquake slip? That is the main question this project aims 

to answer. It is well known that the high slip velocity that a 

fault experiences during earthquake slip causes significant 

heat production, but experiments and models to date have 

focused on large displacements only. The small magnitude 

earthquakes that are associated with induced seismicity 

typically only have small displacements. It is therefore 

unclear what temperatures might be reached during these 

small earthquakes and which weakening mechanisms 

could be activated. The reduction in fault strength upon slip 

provides the energy needed to initiate and propagate 

earthquake slip and it is thus a crucial parameter that 

affects earthquake size.  

 

Research focus in 2020 
Fault sliding produces a layer of fine-grained material, 

called fault gouge. This controls the strength of the fault. In 

2020, we focused on the question how slip is distributed 

across a simulated fault gouge layer in experiments and 

models, on the sampling of outcrops of faults in New 

Zealand with preliminary magnetic investigations of these, 

and on the use of geochemistry to identify anomalous 

temperature in exhumed faults.  

 

We used a numerical method to simulate the deformation 

of a layer with variable grain size (termed a granular layer) 

under earthquake slip velocities to investigate whether 

grain size and grain size distribution have an effect on 

where displacement is accommodated. The simulations 

show that a small contrast in grain size causes a significant 

increase in the amount of slip accommodated within the 

fine grained layer. This is important because more heat will 

be generated when a thinner layer accommodates all the 

displacement. In the laboratory we investigate where 

displacement occurs in simulated fault gouges at velocities 

that range from the initiation of earthquakes (nucleation) to 

seismic slip velocity; the latter experiments were done by 

our colleagues in Rome because a visit by PhD student 

Chien-Cheng Hung had to be cancelled due to COVID-19. 

To continue and extend our experimental data coverage, 

this visit will take place in 2021 if possible.  

 

Preliminary magnetic data of samples from a fault which 

was active at relatively low temperature indicate a different 

strain orientation between the centre of the fault zone and 

the edges. More detailed magnetic analyses on these 

samples will be conducted in 2021 to map the distribution 

of strain accommodation within the fault.  

 

We obtained detailed clumped isotope data from samples 

of the same fault zone. The data suggests that the fault was 

active at a temperature of about 100 0C with little variation 

in temperature across the fault zone width, so no 

temperature anomaly was detected. This could either mean 

that the method is not suitable for identifying a short-lived 

thermal anomaly, that the fault never slipped fast enough to 

generate frictional heat, or that slip was too localised to 

recognise the anomaly.  

 

Results 
Preliminary results from high velocity experiments in Rome 

demonstrate that faults weaken much more and faster 

when heat dissipates slower and the fault becomes hotter. 

This hints at thermal conductivity of the rocks being an 

important parameter in controlling temperature during 

earthquake rupture and propagation. 

 

Fault zones can be conduits for fluids migration depending 

on how permeable they are. Such permeability may be a 

function of the orientation of the minerals in the fault zone, 

the anisotropy of the fault zone. We also found that an as 

yet unknown relation might exist between anisotropy in 

fault zone permeability and associated hydrocarbon 

migration, with remarkable magnetic properties.  

The data from the geochemical analyses suggest that 

calcite (CaCO3; clumped isotope information is retrieved 

from calcite) might deform plastically at much lower 
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temperature than previously recognised. We are currently 

performing further detailed microstructural investigations to 

identify the specific deformation mechanism.     

 

Focus for 2021 
The focus in 2021 is two-fold: determination of temperature 

rise during short-lived slip pulses in experiments and 

models, and investigation of microscale alterations to 

magnetic minerals (composition, grain-size and domain 

state) on samples sheared under controlled conditions. We 

also hope to apply a new magnetic tomography technique 

that is currently being set up in Utrecht. 

 

Relevance for stakeholders 
Faults might weaken more in fault patches where thermal 

dissipation is diminished, e.g. by a lower permeability or 

where slip velocity is higher. Conversely, weakening will be 

supressed where heat can dissipate rapidly. This has a huge 

effect on the earthquake rupture extent and should be 

included in future physics-based models of fault 

reactivation due to stress changes in the subsurface.  

 

Connection with other DeepNL projects 
The most promising opportunity is to include our to-be-

derived friction laws in numerical models for fault 

reactivation such as those done in the InFocus project. We 

are also interested in obtaining samples from room 

temperature faulting experiments in the DeepImage project 

to use for studying the magnetic characteristics on the 

micro-scale. We haven’t contacted the researcher about 

this yet since the micro-scale imaging method instrument is 

currently being built.  

 

Output 

Yang, T., Chou, Y. M., Ferré, E. C., Dekkers, M. J., Chen, J., Yeh, E. C., & 

Tanikawa, W. (2020). Faulting processes unveiled by magnetic 

properties of fault rocks. Reviews of Geophysics, 58, 

e2019RG000690. https://doi.org/10.1029/2019RG000690 

Dekkers, M. J., E. C. Ferré, Y.-M. Chou, T. Yang, J. Chen, E.-C. Yeh, and W. 

Tanikawa (2020), New insights from the magnetic properties of fault 

rocks, Eos, 101, https://doi.org/10.1029/2020EO151611. 

Mizera, M., Boulton, C., Hamers, M., Müller, I., Ziegler, M., Niemeijer, A., & 

Little, T. (2020, November). Heterogeneous stresses and brittle-

ductile deformation during shallow crustal faulting, Hungaroa Fault 

Zone, Hikurangi Subduction Margin, New Zealand. In New Zealand 

GSNZ Conference 2020 Abstracts. 

Mizera, M., Little, T., Boulton, C., Biemiller, J., & Prior, D. (2020). Mixed-

mode Slip Behavior and Strength Evolution of an Actively Exhuming 

Low-Angle Normal Fault, Woodlark Rift, SE Papua New Guinea. In 

EGU General Assembly Conference Abstracts (p. 17399). 

Boulton, C., Mizera, M. (presenting author), Hamers, M., Müller, I., Ziegler, 

M., Niemeijer, A., & Little, T. (2020). Heterogeneous stresses and 

deformation mechanisms at shallow crustal conditions, Hungaroa 

Fault Zone, Hikurangi Subduction Margin, New Zealand. In EGU 

General Assembly Conference Abstracts (p. 11961). 
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Fault strength and fluid pressure during a simulated earthquake in the laboratory.



Mizera, M., Boulton, C., Hamers, M., Müller, I., Ziegler, M., Niemeijer, A., & 

Little, T. (2020). Low-temperature Plasticity of Naturally Deformed 

Calcite in the Hungaroa Fault Zone, Hikurangi Subduction Margin, 

New Zealand. In Nederlands Aardwetenschappelijk Congres 2020 

Abstracts. 

Greve, A., Kars, M., Morgan, J. K., McNamara, D. D., & Dekkers, M. J. 

(2020). Strain distribution and methane migration across a shallow 

subduction splay fault. A rock magnetic study on IODP Site U1518. 

Paper presented at the Geoscience New Zealand Conferences, 

Christchurch, New Zealand. 

Greve, A., Kars, M., Zerbst, L., Dekkers, M. J., & Stipp, M. (2020). 

Characterizing sediment dewatering and fluid flow in accretionary 

systems - A rock magnetic approach on the example of IODP Site 

U1518. Paper presented at the GeoUtrecht, Utrecht, the Netherlands 

(held online).  

Greve, A., Kars, M., Stipp, M., & Dekkers, M. J. (2020). Characterizing 

sediment dewatering and constraining spatially limited fluid flux in 

accretionary systems. A rock magnetic approach. Paper presented 

at the Abstract EGU2020-17918, EGU General Assembly. 

Greve, A., Kars, M., Stipp, M., Zerbst, L., Dekkers, M.J., Hashimoto, Y.  

Understanding the strain distribution and fluid migration across the 

P paku fault (IODP Site U1518). A rock magnetic approach. Hikurangi 

post-cruise meeting ‘light’, held at GNS Science (Lower Hutt, New 

Zealand), March 2020.  

Greve, A., Kars, M., Zerbst, L. Dekkers M.J., …, and the Expedition 375 

Science Party. Understanding the strain evolution and methane flux 

at Site U1518: A rock magnetic approach.  IODP Exp 372/35 virtual 

meeting series, October 2020. 

 

Several grants for Annika Greve  
Last year, Annika Greve got awarded four new grants: 

 

Japan Society for the Promotion of Science (JSPS), ‘Quantifying 

physical values of various deformations and their interactions in 

seismogenic subduction zones (Greve co-proponent)’. Fund for the 

Promotion of Joint International Research, KAKENHI B. 

Royal Society of New Zealand Marsden Grant, ‘Does climate influence 

the frequency of volcanic activity and earthquakes?’ (Greve  

co-proponent) 

ECORD Research Grant for outstanding Early Career Researchers. 

‘Decomposing the anisotropy of magnetic susceptibility signal using 

synchrotron texture analyses’ (Greve co-proponent). 

German Academic Exchange Service (DAAD). ‘Determining the heating 

temperatures and deformation mechanisms of rocks during 

earthquakes. A rock magnetic study’. Greve project provider, RISE 

worldwide programme (programme postponed due to COVID-19). 
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Project leaders: Dr Femke Vossepoel (TUD), Dr Ylona 

van Dinther (UU) and Dr André Niemeijer (UU) 

Researchers: Dr Mohsen Goudarzi (UU, WP1), Hamed 

Diab Montero (TUD, WP3), Meng Li (TUD, WP2) 

 

Research question 
The aim of the InFocus project is two-fold: to assess the 

potential of data assimilation for estimating fault stresses 

and forecasting earthquakes in the laboratory, and to 

develop 2D & 3D coupled simulations of geomechanics, 

dynamic earthquake rupture and two-phase flow to quantify 

how compaction, fluid flow and friction govern fault 

stresses. Ultimately, the combination of these goals allows 

to build a data-driven, multi-physics modelling framework 

for induced fault slip. 

 

Research focus in 2020 
The research focused on developing and consolidating 

numerical modelling and data assimilation frameworks. 

Meng Li developed 0D till 3D numerical models of 

sequences of dynamic earthquake ruptures. Mohsen 

Goudarzi developed an alternative formulation of this 

model to allow for coupled simulations in fault zones. 

Hamed Diab Montero used the 1D GARNET model to build 

a data assimilation framework to estimate state variables in 

a synthetic laboratory setup.  

 

Results 
All three researchers have made good progress and are 

working on writing their first papers.  

 

Meng Li verified the developed numerical models against 

different community benchmarks of a strike-slip fault under 

rate-and-state friction in an elastic medium. Subsequently, 

he compared the earthquake characteristics from 0D to 3D 

to conclude that some important observables, such as 

stress drop and fracture energy release, are accurately 

calculated in lower dimensional models that run hundreds 

to millions times faster.  

 

Mohsen Goudarzi introduced visco-plasticity in a 

continuum model for fault zones governed by rate-and-

state friction to regularise the solution and obtain faster 

numerical convergence and results. Mohsen also worked 

on a coupled solid-fluid formulation to understand the 

coupling between fluid flow and deformation in fault zones.  

 

Hamed Diab has coupled a 1D configuration of GARNET to 

a parallel data assimilation framework. With this setup, that 

resembles a laboratory experiment, he uses ensemble data 

assimilation to estimate the state of stress of faults. By 

combining simulated observations with physics-based 

models, he managed to come to realistic probabilistic 

estimates of velocity and stress state at a fault that 

occasionally slips at seismic slip rates. This shows that also 

for fast earthquakes there is hope to forecast them based 

on data obtained away from the fault.  

 

Focus for 2021 
In 2021 we will further develop and utilise our models to 

increase understanding of fault slip in reservoir and 

laboratory setups. In a setup resembling gas extraction 

under Zeerijp we aim to understand earthquake nucleation 

and aseismic slip under rate-and-state friction with a 

second state variable and rupture arrest in 3D under nearby 

seismic wave reflections. Also we will fully couple fault slip 

and dynamic earthquake ruptures to gas/fluid flow to study 

their interaction in the laboratory. Now we have determined 

that our data assimilation approach is valid in a synthetic 

environment, we will move towards testing data assimilation 

with data from the lab. To ensure a solid performance, a 

novel data assimilation method will be used in collaboration 

with the University of Colorado.  

 

Relevance for stakeholders 
This project is working towards a data-driven, multi-physics 

framework to understand and quantify how and when 

earthquakes arise, particularly in gas production fields. 

Eventually, we envision a model that is able to forecast 

seismic activity on a laboratory fault in the same way KNMI 

forecasts the weather. Data assimilation is going to play an 

important role here, since it provides a pathway to better 

understand the key physical processes through the 

combination of data with models.  
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Connection with other DeepNL projects 
Hamed has frequent and lively discussions with Samantha 

Kim from the Subsidence project of Ramon Hanssen about 

the commonalities in their data assimilation techniques. 

Another connection exists with the Science4Steer project, 

which follows a similar path combining lab experiments and 

modelling. Where Science4Steer starts from modelling fluid 

dynamics, and uses geomechanics and earthquake 

ruptures as an add-on, we start from earthquake physics 

and geomechanics and include fluid flow later on. Through 

informal connections with other project teams, we are 

keeping each other informed on progress, and we are 

slowly working toward each other. 

 

There is also cooperation with the project on monitoring 

and prediction of seismicity led by Jeannot Trampert. Their 

seismic measurements will provide estimates of the stress 

field in the reservoir.  

 

Output 
Hamed Ali Diab-Montero, Meng Li, Ylona Van Dinther, Femke Vossepoel, 

Ensemble data assimilation to forecast slow-slip events and 

earthquakes: a synthetic laboratory test, poster presentation, 

American Geophysical Union Fall Meeting (AGU 2020). 

Hamed Ali Diab-Montero, Meng Li, Ylona Van Dinther, Femke Vossepoel, 

Exploring Ensemble Data Assimilation methods for induced 

seismicity in the Groningen gas Field: framework validation with a 

perfect model setup, presentation, GeoUtrecht 2020. 

Hamed Ali Diab-Montero, Marie Bocher, Ylona van Dinther, and Femke 

Vossepoel, Exploring Ensemble Data Assimilation methods for 

induced seismicity in the Groningen gas Field: framework validation 

with a perfect model setup, Poster presentation, Nederlands 

Aardwetenschappelijk Congres (NAC 2020). 

Mohsen Goudarzi, Ylona van Dinther, Meng Li, René de Borst, Casper 

Pranger, Taras Gerya, Claudio Petrini, and Femke Vossepoel, 

Towards coupling fluid flow and rate-and-state friction in 

compacting visco-poro-elasto-plastic reservoirs, presentation, EGU 

2020. 

Mohsen Goudarzi, Ylona van Dinther, Meng Li, René de Borst, Casper 

Pranger, Taras Gerya, Claudio Petrini, and Femke Vossepoel, 

Towards coupling fluid flow and rate-and-state friction in 

compacting visco-poro-elasto-plastic reservoirs, poster 

presentation, AGU 2020. 

Mohsen Goudarzi, Ylona van Dinther, Meng Li, René de Borst, Casper 

Pranger, Taras Gerya, Claudio Petrini, and Femke Vossepoel, 

Modeling porous media using a regularized visco-elasto-plastic 

formulation for dynamic earthquake ruptures, presentation, DeepNL 

summer school 2020. 

Meng Li, Casper Pranger and Ylona van Dinther, Dynamic and quasi-

dynamic modelling of earthquake sequences from zero to three 

dimensions: choose model complexity as needed, poster 

presentation, NAC 2020. 

Meng Li, Casper Pranger, Luca Dal Zilio, and Ylona van Dinther, 

Dynamic and quasi-dynamic modelling of earthquake sequences 

from zero to three dimensions: choose model complexity as needed, 

presentation, EGU 2020, https://doi.org/10.5194/egusphere-

egu2020-10210. 

Meng Li, InFocus: numerical modeling of induced recurring 

earthquakes, presentation DeepNL webinar 

Meng Li, Casper Pranger, Ylona van Dinther, Numerical modeling of 

seismic cycles from 0D to 3D: implication of dimension, 

presentation, GeoUtrecht 2020 . 

Meng Li, InFocus: An Integrated Approach to Understanding and 

Forecasting Induced Fault Slip, presentation DeepNL Scientific 

Meeting. 

Meng Li, Casper Pranger, Ylona van Dinther, Dynamic and quasi-

dynamic modelling of earthquake cycles under rate-and-state 

friction from zero to three dimensions, presentation, AGU 2020.
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(a) Validation earthquake rupture front locations at different times for 
the 3D dynamic numerical model for SCEC Benchmark BP4. (b) 
Large Scale Earthquake Simulator experimental setup at the National 
Institute for Earth Sciences Research and Disaster Resilience, Japan 
(Collaboration NAM & UU). (c) Comparison of the fault’s shear stress 
estimated using an Ensemble Kalman Filter (green) and only using 
the prior information of the numerical model without data 
assimilation (blue) for a synthetic experiment on the setup in b). 
Dotted lines give an indication of what the simulations represent in 
the 3D laboratory experiment on which data assimilation will be 
tested.



Cluster 2 
Progress and results of the running projects 

Monitoring of seismicity-related conditions and 
predicting seismicity



Project leaders: Prof. Jeannot Trampert (UU), Prof. 

Marie-Colette van Lieshout (UT/CWI),  

Dr Hanneke Paulssen (UU) and Dr Kathrin Smetana (UT) 

Researchers: Zhuldyzay Baki (UT, WP5), Thomas 

Cullison (UU, WP3), Eldert Fokker (UU, WP4a), Dr Rhys 

Hawkins (UU, WP4b), Janneke de Jong (UU, WP1), 

Muhammad Hamza Khalid (UT, WP2) 

 

Research question 
The aim of this project is to develop state-of-the-art tools to 

comprehensively address the causality between gas 

extraction and seismicity. 

 

Starting from an initial 3D elastic model of the subsurface, 

which we are currently inferring using full waveform 

inversion, we will calculate Green’s functions by randomly 

changing seismic sources, geometry, stress and elastic 

structure. In a time-lapse setting, using surface seismic 

network data, these Green’s functions will be used to train 

neural networks, which will allow us to monitor the changes 

of the parameters of interest fast and in a fully probabilistic 

setting. Full waveform inversion and the generation of 

Green’s functions is computationally very expensive. We are 

therefore developing a reduced order model within the 3D 

wave propagation solver. We also started to develop, based 

on stochastic geometry, a prediction tool for seismicity 

using gas production and these monitoring data as input. 

Of special interest is the near sub-surface. We will further 

produce physics-based response functions essential for 

structural engineering work.  

 

Research focus in 2020 
Thomas Cullison developed a workflow for full waveform 

inversion using the community code SPECFEM_3D. The 

Python based code automatically retrieves seismic data 

from the OREFUS data centre, pre-processes them and 

integrates them in an iterative inversion scheme to produce 

a 3D wave speed model. All steps are tracked for 

reproducibility.  

 

In global seismology, receiver functions are used to image 

changes is seismic interfaces. Janneke de Jong developed 

a framework to calculate adjoint sensitivity kernels for 

receiver functions in a global as well as a local (reservoir) 

setting. These kernels show a far more complicated 

sensitivity to structure than what is usually assumed from 

ray theory. It will be interesting to see their effects on the 

resulting discontinuity images. 

 

Fokker and Ruigrok (2019) identified small velocity changes 

with a prominent annual period. Eldert Fokker is integrating 

induced stress implicitly into the wave equation, in order to 

relate the velocity changes to changes in pore pressure. 

Preliminary results show that the velocity changes can be 

explained by the hydraulic head measurements within the 

Groningen gas field.  

 

Rhys Hawkins and Hamza Khalid have investigated the use 

of a reduced basis approach for performing full waveform 

modelling. They showed that they can compute forward 

waveform simulations one to two orders of magnitude 

faster. The increase in speed does come with a trade-off 

against waveform accuracy, however in many situations this 

is acceptable. They also showed that the typical workflow 

for full waveform inversion equally applies to the reduced 

basis approach with some modification. In addition, they 

addressed two of the main challenges when deriving 

reduced order models for wave-type problems: reducibility 

and stability. To tackle the former issue, we construct the 

reduced model in the Laplace domain, where the respective 

partial differential equation is much more amenable to 

reduction and to deal with the latter problem, we employ 

symplectic reduced order modelling.  

 

Zhuldyzay Baki’s research centres around monitoring the 

hazard of recorded earthquakes in the Groningen field. This 

year, she focussed on temporal aspects. She fitted and 

validated stochastic models that relate production figures 

and drift, a gradual increase in hazard over the years, to, 

firstly, the observed annual counts of earthquakes and, 
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secondly, to the observed pattern of earthquake locations. 

The latter approach turns out to be more sensitive to 

dependencies in the data as inter-event times are explicitly 

taken into account.  

 

Results 
The receiver function kernels are a new tool which promises 

to change receiver function research from global to local 

seismology. The results from model order reduction are very 

encouraging. 

 

Focus for 2021 
We will train neural networks to monitor seismic sources, 

stress and elastic model parameters in a time lapse setting. 

We will further implement model order reduction in 

SPECFEM-3D code. We plan to include a spatial 

component in our stochastic hazard models, for example 

using subsidence. 

 

Connection with other DeepNL projects 
We started an active collaboration with the DeepImage 

project to produce 3D Green’s functions using the 

community code SPECFEM_3D. 

Output 
Fokker, E. B., & Ruigrok, E. N. (2019). Quality parameters for passive 

image interferometry tested at the Groningen network, Geophysical 

Journal International, 218(2), 1367-1378. 

van Lieshout,  M. N. M., (2019). Infill asymptotics and bandwidth 

selection for kernel estimators of spatial intensity functions, 

Methodology and Computing in Applied Probability, 22(3), 995-1008. 

Zhou, W., & Paulssen, H., (2020). Compaction of the Groningen gas 

reservoir investigated with train noise, Geophysical Journal 

International, 223(2), 1327-1337. 

Buhr, A., & Iapichino, L., & Ohlberger, M., & Rave, S., & Schindler, F., & 

Smetana, K. (2020) Localized model reduction for parameterized 

problems. invited book chapter in P. Benner, S. Grivet-Talocia, A. 

Quarteroni, G. Rozza, W.H.A. Schilders, L.M. Sileira (eds.). Model 

Order Reduction, Volume 2, Snapshot-Based Methods and 

Algorithms. Walter De Gruyter GmbH, Berlin. 

Schleuß, J., & Smetana, K. (2020). Optimal local approximation spaces 

for parabolic problems. arXiv:2012.02759. 

Marie-Colette van Lieshout gave a talk in the online seminar on spatial 

and spatio-temporal point processes and beyond, October 7, 2020, 

entitled: Bandwidth selection for kernel estimators of spatial 

intensity functions. 

AGU Fall Meeting 2020, December 1-17. Janneke de Jong was giving a 

talk on receiver function adjoint kernels. 

The project website is now online: 

https://seismologie.sites.uu.nl/research-projects/deepnl-2/ 

The NARS broadband seismic data of the DeepNL Groningen project 

are available via the ORFEUS data centre.
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Wave propagation in the Groningen gas reservoir due an earthquake in the gas field.

https://seismologie.sites.uu.nl/research-projects/deepnl-2/


Project leaders: Prof. Kees Wapenaar (TUD),  

Dr Auke Barnhoorn (TUD), Dr Deyan Draganov (TUD),  

Dr Ranajit Ghose (TUD) and Dr Kees Weemstra 

(TUD/KNMI) 

Researchers: La Ode Masfara (TUD, WP1b), Jingming 

Ruan (TUD, WP3), Faezeh Shirmohammadi (TUD, WP1a), 

Aukje Veltmeijer (TUD, WP2) 

 

Research question 
To eventually enable the forecasting of ground motion 

experienced at the surface in the Groningen area, the 

DeepImage project aims to develop an integrated 

methodology for seismic imaging and monitoring of the 

Groningen subsurface and its induced seismicity. This 

methodology consists of an advanced seismic imaging and 

monitoring methodology, innovative scaled experiments in 

the rock-mechanics laboratory, and advanced 

geomechanical and seismic modelling modules.  

 

Research focus in 2020 
For the imaging and monitoring methodology, we 

investigated the influence of strong lateral inhomogeneities 

on the retrieval of seismic reflections inside specific layers 

in the subsurface, for example a reservoir or overburden 

layer. We further started investigating the possibility to also 

retrieve reliable (relative) amplitudes of the layer-specific 

reflections. 

We investigated a probabilistic scheme to invert for 

hypocentre and moment tensor of induced seismic events 

in heterogeneous media. The scheme is based on a variant 

of the Hamiltonian Monte Carlo scheme that uses a 

linearised misfit function. A detailed subsurface model 

allows the hypocentre prior to be obtained via a first-arrival-

based algorithm. Based on all necessary priors, we recover 

the posterior probability density of the source 

characteristics of the induced event. 

 

We have designed and performed laboratory experiments. 

From acoustic measurements during deformation of intact 

rock samples, we determined parameters which can be used 

to indicate the onset of fracture formation and to forecast the 

failure of the intact samples. Experiments to characterise and 

forecast sliding along the fault plane have been started. 

 

We have set up a numerical modelling platform for realistic 

geomechanical and seismic modelling to simulate 

earthquakes that are induced by gas production in 

Groningen. This platform consists of a finite-element code, 

featuring quasi-static loading, co-seismic volumetric strain, 

and dynamic rupture. This is used to simulate the entire 

chain of the induced seismicity process , ranging from 

pressure evolution due to fluid extraction, via stress built up 

around a pre-existing fault, to nucleation of dynamic faulting 

and the resulting seismic wavefield. 
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DeepImage: Multi-scale geophysical imaging, 
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Results 
We found that lateral inhomogeneity is not a limiting factor 

for the retrieval of seismic reflections inside specific layers. 

This is promising for the application of our monitoring 

methodology to, for example, strongly laterally varying 

reservoir layers.  

 

We have tested our probabilistic inversion scheme on 

numerically modelled data and infer that it is efficient and 

practical to invert for source characteristics of induced 

seismic events. 

 

From the active acoustic laboratory data, we can see 

clearly when the rock sample starts to fracture. Several 

parameters show a change in characteristics during the 

deformation of the rock sample. The obtained parameters 

can be used for the forecasting of failure of the intact rock 

sample.  

 

Through geomechanical modelling and assuming either 

slip-weakening behaviour or rate- and state-dependent 

behaviour for friction at the fault, we have succeeded in 

detecting the onset of fault reactivation due to uniform 

depletion of a reservoir. We hope to be able to capture the 

effect of the geomechanics at the source region on the 

observed seismic wavefield in the near future. 

 

Focus for 2021 
As a preparation for the fieldwork we want to perform in 

Groningen, we will apply our layer-specific monitoring 

methodology to a near-surface reflection-seismic field 

dataset. We will also start investigating the utilisation of 

Marchenko redatuming and further optimise our 

probabilistic inversion scheme for application to the 

Groningen data. 

  

Our laboratory experiments will focus on faulted rock 

samples. Moreover, we will model the acoustic waves in 

rock samples and their response to stress change. This 

model will be the basis for up-scaling our findings from the 

laboratory tests. 

 

The geomechanical modelling will concentrate on 

simulating full 3D production-induced seismicity where the 

pressure and the displacement are fully coupled. 

Production data for Groningen will be used. 
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Active acoustic wave recorded on the oscilloscope. 

Hoek Cell set-up for confined uniaxial compression experiments and 
fractured Red Felser sandstone sample.



Relevance for stakeholders 
The monitoring methodology will be very useful for 

monitoring changes in the seismic velocities in reservoir or 

overburden layers and connecting those changes to 

induced seismicity and its effects at the surface. Another 

potential application is the monitoring of geothermal energy 

extraction and CO2 sequestration. 

 

The probabilistic inversion methodology will allow for high-

resolution determination of the location and moment tensor 

of induced seismic sources in the Groningen area. 

The results from our laboratory experiments show that we 

can use active acoustic monitoring to forecast upcoming 

failure of the rock. We are able to differentiate various 

stages of failure. These provide us with much knowledge 

about the processes present during deformation of the rock 

samples. Our results show that monitoring seismicity in the 

Groningen gas field or any other area with either natural or 

induced seismicity is possible on laboratory scale and has 

high potential on field scale, which will also be investigated 

in this project.  

 

If the reservoir geometry, reservoir properties and the 

pressure evolution history are known, the geomechanical 

modelling workflow can be used to analyse the stress state 

around a fault and simulate dynamic rupture. These can not 

only help to explain the field observations but also to 

predict the consequence of further fluid extraction or fluid 

injection in the future. 

 

Connection with other DeepNL projects 
There are opportunities for collaboration with the 

experimentalists from Utrecht University. The results of their 

experiments can provide additional insight in the processes 

occurring within the rock samples during our experiments. 

Another collaboration opportunity is with the experimental 

part of the Science4Steer project. The experiments of both 

our projects are performed in the laboratory of TU Delft and 

combine our expertise.  

 

The ability to benchmark a production-induced seismicity 

scenario through geomechanical modelling will be a useful 

contribution to other projects. The anticipated results will 

provide opportunities for collaboration with others, 

especially with the geomechanical modelling parts of the 

Science4Steer and InFocus projects.  

 

Output 
Marzujriban, L.O., K. Weemstra, and K. Wapenaar, 2020, Localizing 

hypocenters of induced earthquakes using a Hamiltonian Monte 

Carlo scheme: NAC 2020. 

Ruan, J., R. Ghose, and W. Mulder, 2020, Modelling episodic induced 

seismicity with poroelastic dynamic rupture and large-scale 

wavefield propagation: GeoUtrecht Conference, 2020. 

Shirmohammadi, F., D. Draganov, and K. Wapenaar, 2020, Monitoring 

changes inside subsurface layers using non-physical reflections 

retrieved from seismic interferometry: NAC 2020, Poster Session A, 

Seismology and Rock Physics.. 

Veltmeijer, A., M. Naderloo, A. Barnhoorn, and K. Wapenaar, 2020, Early 

detection of stress changes and failure using acoustic 

measurements: NAC 2020. 

Veltmeijer, A., M. Naderloo, and A. Barnhoorn, 2021, Monitoring and 

forecasting failure in laboratory using coda wave decorrelation. 

EAGE Geotech Extended Abstract Induced Seismicity Workshop.
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Simple Shear

Cluster 3 
Progress and results of the running projects 

Surface effects of seismicity and  
soil subsidence



Project leaders: Prof. Ramon Hanssen (TUD),  

Dr Rob Govers (UU), Dr Esther Stouthamer (UU) and  

Dr Femke Vossepoel (TUD) 

Researchers: Ali Amootaghi (TUD, WP1), Udit Asopa 

(TUD, WP5), Chayenne Janssen (UU, WP3), Samantha 

Kim (TUD, WP4), Marius Wouters (UU, WP2) 

 

Research question 
The Subsidence project addresses the correlation between 

surface subsidence and gas production in the Groningen 

gas field, due to reservoir compaction. This study jointly 

uses InSAR observations and process-driven models for the 

deep and shallow subsurface to significantly improve the 

accuracy of geodetic subsidence estimates and to better 

constrain the model parameters that control physical 

processes in the subsurface.  

 

The five interwoven work packages address questions like: 

How can we improve the mathematical model for InSAR  

data processing? How can we use these data in parameter 

estimation to disentangle the various contributing 

processes? What is the potential of InSAR data analysis  

to quantify individual shallow subsurface processes 

influencing surface elevation? Which processes in the 

Groningen gas reservoir have a resolvable expression in 

surface deformation and seismicity? What is the contribution 

of total shallow subsurface deformation to total surface 

deformation over time? Can we use data assimilation to 

estimate parameters in a subsurface model that includes 

both shallow and deep sources of subsidence? 

 

Research focus in 2020 
WP1 and WP5 focused on getting up to speed with the 

state of the art in InSAR data processing. We investigated 

the core estimation algorithm and studied the influence of 

the arc-connection network between coherent scatterers. 

The results are used in the publicly available bodemdalings -

kaart.nl, which shows the vertical displacement of selected 

radar measurement locations, and is established together 

with partners from other research programmes. 

Within WP2, a method was developed to estimate tectonic 

stresses in a statistically sound way, based on plate-wide 

physical models and observations of deformation of the 

Earth’s crust. This method has been applied to study the 

African plate 75 Ma, and is highly promising for estimating 

the pre-production stress field in Groningen. WP3 focused 

on literature reviews of the influence of groundwater level 

fluctuations on surface elevation at different timescales, 

and of compaction, swelling and oxidation models. 

Furthermore, we have oriented on the extensometer 

measurements, and have prepared model environments  

for the Groningen site based on SWAP for modelling 

groundwater levels and an empirical shallow subsurface 

model for modelling shallow subsurface subsidence. 

The data assimilation work package 4 focused on the 

applicability of a particle method in parameter estimation for 

low to high-dimensional problems with the aim to estimate 

subsidence and model parameters of a reservoir model. 

 

Results 
The most directly visible results of WP1 and WP5 are our 

contributions to improving the accuracy of the data 

represented at bodemdalingskaart.nl.  

 

The model developed in WP2 was used to quantify the 

forces and related paleo-stresses associated with the 

tectonic setting of the African plate 75 Ma. It was found that 

slab pull, horizontal gravitational stresses and transform 

shear tractions act parallel to the absolute motion direction. 

For Groningen, production-driven slip on reservoir faults 

with a strike length less than 10 kilometres was found to 

leave an unresolvable surface footprint. 

 

Within WP3, based on extensive preparatory work, sites 

have been selected to install one or two extensometer(s) to 

measure vertical differential compaction, swelling, and 

associated surface elevation due to rising or lowering of 

phreatic groundwater level. A first version of the SWAP 

(Soil-Water-Atmosphere-Plant, WUR) has been developed 

to model spatial and temporal variations in groundwater 
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Monitoring and Modelling the Groningen Subsurface 
based on integrated Geodesy and Geophysics: 
improving the space-time dimension



level over the period 1963-2020 for a selected study area. 

These groundwater levels will serve as input for the 

subsidence model. 

 

WP4 concluded that optimising resolution and spatial 

distribution of the observations given the dimension of the 

system could improve the performance of the particle 

method in data assimilation. 

 

Focus for 2021 
WP1 will focus on improving the functional model relating 

observations in the InSAR data to unknowns, on a point-by-

point basis. WP5 is going to include the Integrated 

Geodetic Reference Stations in the data processing, to 

further unravel deep and shallow subsidence. 

 

WP2 will continue to further develop Finite Element Models 

based on the available geological model and use it for 

testing the sensitivity of surface deformation to certain likely 

and suspected (time variable) deformation processes. 

An important development within WP3 will be the installation 

of the extensometer(s) and the start of the measurements. 

Besides on measuring, WP3 will also focus on modelling of 

processes in the Holocene sequence to explain and quantify 

the resulting changes in surface elevation. Model input 

parameters will be estimated and improved by means of data 

assimilation. The calibration of the empirical shallow 

subsurface model by data assimilation is expected to result 

in a working model to model subsidence and associated 

surface elevation dynamics in our area of interest.   

 

WP4 will move to more complex models in 2021. Since their 

dimension will increase, the estimation problem will become 

more strongly under-determined. This poses a challenge  

for our study to separate the shallow and the deep 

contributions to subsidence. In further research, we hope to 

shed light on the question where to observe which quantity, 

and with what temporal and spatial resolution and accuracy. 

 

Overall, 2021 will be dedicated to boosting the interaction 

between the different work packages, after all work 

packages have been mostly working in parallel in 2020.  

 

Relevance for stakeholders 
By combining high-frequency measurements and data 

assimilation methods, we will improve surface elevation 

monitoring, providing more insight into the relation between 

geodetic subsidence,  subsurface properties and 

hydrological conditions like groundwater levels. This can 

help policymakers in understanding rates of change and 

time left for implementing measures regarding e.g. water 

management. This project also helps in the evaluation of 

the effects of decreasing gas extraction and potential 

measures mitigating land subsidence. Finally, 

understanding the causes of geodetic subsidence is crucial 

for attributing resulting damage to buildings, infrastructure, 

or farmland.
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Top views of the vertical displacement Uz , over a reservoir that 
represents the Groningen reservoir. Displacements are computed 
with a homogeneous (top) and heterogeneous (bottom) pressure 
reduction in the reservoir. In this synthetic experiment, the 
homogeneous pressure drop and associated subsidence is 
modelled as a 1D data assimilation problem with in this case-
independent and identically distributed (iid) observations. The 
deformation for the heterogeneous case (bottom) is simulated with 
100 compartments, each with a different pressure drop, which 
implies a data assimilation problem with a dimension of 100, and 
correlated observations. 



Connection with other DeepNL projects 
A collaboration has started with Eldert Fokker from the 

project led by Jeannot Trampert, who is working on seismic 

velocities to determine changes in hydraulic heads. Since 

the seismic activity reflects differences in hydrostatic 

pressure, his work could help quantify the effect of 

Pleistocene aquifer extractions on the spatial distribution of 

hydrostatic pressure.  

 

Furthermore, there are interesting links with the SOFTTOP 

project regarding the influence of geotechnical 

infrastructure like railways and highways on the data from 

the satellite observations.  Interaction with the InFocus 

project helps to better understand the applicability of data 

assimilation methods for high-dimensional problems. 

 

Output 
Ramon Hansen, Marius Wouters, Ali Amootaghi, Udit Asopa, Marc Bruna, 

Chayenne Janssen, Samantha Kim, Femke C Vossepoel, Esther 

Stouthamer, Rob Govers, Monitoring and modeling land subsidence 

due to hydrocarbon production integrating geodesy and geophysics, 

AGU, 2020. 

Samantha Kim, Femke C. Vossepoel, Ramon F. Hanssen, Exploring High-

Dimensional Applicability of the Particle Filter in Increasingly Complex 

Systems – A Case Study for Compacting Reservoir and Subsidence, 

AGU, 2020. 

Samantha Kim, Femke C. Vossepoel, Ramon F. Hanssen, Marius Wouters, 

Rob Govers, and Esther Stouthamer, A particle method strategy to 

estimate subsidence induced by a high-dimensional disc-strain model 

for reservoir compaction, NAC Utrecht, 2020. 

Samantha Kim, Femke C. Vossepoel, Ramon F. Hanssen, Marius Wouters, 

Rob Govers, and Esther Stouthamer, A particle method strategy to 

estimate subsidence induced by a high-dimensional disc-strain model 

for reservoir compaction, EGU General Assembly, 2020. 

Wouters, M. C. et al. Dynamics of Africa 75 Ma: from plate kinematic 

reconstructions to intraplate paleostresses. Earth and Space Science 

Open Archive 39 (2020) doi:10.1002/essoar.10503298.2 (under review) 

Marius Wouters and Rob Govers, Sensitivity of surface deformation to 

reservoir and overburden characteristics in the Groningen 

(Netherlands) gas field: first results, AGU, 2020. 

Marius Wouters, Rob Govers, Samantha Kim, Femke Vossepoel, Esther 

Stouthamer, Ramon Hanssen, What can we learn from the pattern of 

subsidence above the Groningen gas field? A study of the sensitivity 

of the subsidence to the subsurface structure and deformation 

processes, NAC Utrecht, 2020. 

Marius Wouters, Dynamics of Africa 75 Ma: from plate kinematic 

reconstructions to intraplate paleo-stresses, Symposium GeoVUsie 

Amsterdam, 2020. 

https://bodemdalingskaart.nl: Database and online interactive platform 

showing geodetic InSAR deformation measurements. 

 

New researchers within the project 
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WP1: Improvement of geodetic models and parameter 
estimation: InSAR data 
Supervision by Prof. Ramon Hanssen (TU Delft)

I am Ali Amootaghi and I am currently a PhD student and a 

researcher for the DeepNL under the supervision of Ramon 

Hanssen at the department of Geoscience and Remote Sensing, 

at TU Delft. My field of interest is parameter estimation and 

during my Master’s I worked on the precise LEO satellites orbit 

determination using Kalman Filtering and robust estimation.  

I am working on the improvement of the deformation parameters 

estimation using InSAR within the DeepNL project. The main 

goal of our research is to integrate the geodetic data and the 

geophysical models to characterise the shallow and deep 

subsurfaces and their deformations in the Groningen region.  

My research involves three major parts which include the 

improvements in the functional and stochastic modelling, 

numerical improvements and incorporation of artificial 

intelligence. 

WP5: Advancement of numerical data processing techniques 
using HPC and Deep Learning 
Supervision by Prof. Ramon Hanssen (TU Delft)

I am a PhD scholar in the Department of Civil Engineering and 

Geosciences under professor Ramon Hanssen. I have obtained a 

master’s degree at the Indian Institute of Remote Sensing, ISRO 

in 2019 under the supervision of Shashi Kumar. Subsequently,  

I worked as a Research Fellow at CSRE Lab, Indian Institute of 

Technology, Bombay before joining the TU Delft. My PhD project 

is about developing the data processing platform for the InSAR 

dataset acquired from the space-borne satellites and also 

including the contextual dataset acquired by various land-based 

and space-borne sensors and is also connected to the project 

‘Living on Soft Soils: Subsidence and Society’.

Udit Asopa 

PhD student (TU Delft)

Ali Amootghi 
PhD student (TU Delft)



Project leaders: Prof. Michael Hicks (TUD), Prof. Cristina 

Jommi (TUD) and Dr Mandy Korff (TUD/Deltares) 

Researchers: Dr José León González Acosta (TUD, 

WP1), Ching-Yu Chao (TUD, WP3), Hilmi Bayraktaroglu 

(TUD, WP2) 

 

Research question  
The SOFTTOP project wants to accurately predict what the 

movement and deformation of the ground surface is as a 

consequence of induced seismic load at depth. Spatial 

variations of material characteristics in the shallow 

subsurface and specific characteristics of sand and clay 

layers (non-linear behaviour and degradation), combined 

with aspects of induced earthquakes, such as short-

duration repetitive loading, play a key role in this. Methods 

for reliability analyses of the heterogeneous shallow 

subsurface will be developed during the research. The 

development of new dynamic test facilities, combined with 

laboratory tests, field tests and the development of material 

models will result in recommendations for practice and 

prototype analysis methods. 

 

Research focus in 2020 
Development of an earthquake simulator for soft soils: We 

designed mechanical parts, evaluating required actuator 

performance, and investigated and produced sensors to 

monitor sample response tested in the earthquake 

simulator. 

 

Constitutive modelling of soft soils: Work was done on 

assessing existing constitutive models and adding new 

ingredients to better capture monotonic behaviour; 

implementing the models with new ingredients into a finite 

element tool, in order to interpret lab tests accounting for 

imperfections in the testing equipment and evaluate the 

role of heterogeneity at the lab scale. 

 

Theoretical investigation of the behaviour of laminated 

sands: Conventional laboratory tests were carried out to 

determine the characteristics of undisturbed samples from 

Groningen. We developed a sample preparation method for 

reproducing natural sedimentation and lamination 

processes in a laboratory environment. 

 

Constitutive modelling of laminated sands: We dealised  

the influence of lamination in terms of bedding plane 

orientation and layer characteristics. A constitutive model 

was developed within a multi-laminate framework in a 

hierarchical fashion (from simple to complex), and tested in 

a numerical model. Furthermore, we are developing a finite 

element tool that accounts for coupled hydro-mechanical 

behaviour and soil heterogeneity to model (in 2 and 3 

dimensions) the response of the shallow subsurface to 

induced earthquakes. Initial research included the 

implementation of absorbing boundaries to prevent 

anomalies caused by reflecting elastic waves. 

 
Results 
We formulated design specifications for an earthquake 

simulator for soft soils. Induced-earthquakes are 

characterised by a higher frequency content than natural 

earthquakes, and existing earthquake simulators for soils 

cannot attain the high frequencies needed for Groningen. 

Innovative sensors will be used to monitor the response of 

samples tested in the new simulator, to better understand 

the behaviour of soft soils under induced seismicity. 

 

In most anisotropic models, anisotropy is indirectly linked to 

the material fabric based on phenomenological 

observations without a clear physical meaning at the 

microscopic level. In the proposed model, the physical 

anisotropic nature of the laminated sand (both inherent and 

induced) is captured through the use of sampling planes 

within the multi-laminate framework. Also, the rotation of 

the principal plane axes, which is directly connected to the 

anisotropic nature of the material, was implemented without 

further mathematical complexity (which is missing in 

advanced models formulated in terms of stress and strain 

invariants). 
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SOFTTOP: Investigating heterogeneous soft top  
soils for wave propagation, cyclic degradation and 
liquefaction potential
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Focus for 2021 
Continued development (and commissioning) of the 

earthquake simulator for soft soils: (a) Manufacturing and 

assembling the system, checking the machine with trial 

tests; (b) Producing and implementing sensors to monitor 

sample response. 

 

Constitutive modelling of soft soils: (a) Extending the 

models with new ingredients for cyclic behaviour; (b) 

Implementing the extended models for cyclic behaviour 

into a finite element tool. 

 

Constitutive modelling of laminated sands: (a) The 

constitutive model will be extended to incorporate the 

effect of lamination thickness; (b) The monotonic version of 

the model will be extended to include kinematic hardening, 

enabling the cyclic and dynamic behaviours of laminated 

sands to be investigated; (c) Monotonic and cyclic triaxial 

tests will be carried out for validation purposes; (d) 

Optimisation (and possibly simplification) of the model for 

use in a random finite element environment.  

We will continue development of the finite element tool for 

modelling site response. The focus will be on modelling soil 

heterogeneity (including lamination) and on strategies for 

the implementation of advanced constitutive models of soil 

behaviour. 

 
Relevance for stakeholders 
The projected benefits of SOFTTOP include the following: 

(a) An assessment of the influence of the shallow 

subsurface on site response due to induced seismicity; (b) 

The impact of material behaviours and spatial variability of 

material properties at different scales on the site response 

and on differential settlements at the ground surface; (c)  

Guidance on the choice of characteristic soil property 

values (for use in deterministic analysis) accounting for the 

spatial variability of properties; and (d) Prototype analysis 

methods. 

 

Connection with other DeepNL projects 
Any projects that analyse the site response should find our 

derivation of realistic characteristic properties for the 

shallow subsurface, based on novel laboratory and field 

testing and advanced 2D and 3D models of the shallow 

subsurface, useful. 
 

New researcher within the project
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Leon Gonzalez Acosta 

Postdoc (TU Delft)

WP1: RFEM analysis framework for heterogeneous soils 
Supervision by Prof. Michael Hicks (TU Delft)

I got my Geotechnical MSc degree in the National Autonomous 

University of Mexico (UNAM). Later, in October 2015, I flew to  

the Netherlands and studied at Delft University of Technology 

from where I got my PhD degree working on the material point 

method (MPM), a technique that is able to simulate material 

large deformations. Besides my interest in the academy,  

I also had the opportunity to venture myself in industry,  

working at Bowerbird engineering (México) and GustoMSC  

(the Netherlands) as a geotechnical consultant. Currently,  

I participate as a postdoctoral researcher in the DeepNL 

SOFTTOP project at TU Delft. My goal is to develop a robust 

finite element (FE) code able to simulate dynamic hydro-

mechanical behaviour considering the spatial distribution of soil 

properties. Such code is aimed to study earthquakes occurring 

in Groningen and their hazardous effects on structures such as 

dykes and buildings.



Toward safe and sustainable 
subsurface utilisation 
 

‘Ultimately, I want to help understand how we can use the subsurface in a safe 

and sustainable way.’ With his DeepNL tenure track position at University of 

Groningen, German geologist Johannes Miocic will kickstart this mission by 

unravelling the exact composition of the Groningen sandstone first.
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You were granted a tenure track at the University of Groningen. How did you  

end up there? 

‘After studying Geology at the Friedrich Schiller University Jena, I pursued my PhD at 

the University of Edinburgh. That project was about naturally occurring CO2 reservoirs 

and implications for geologically stored CO2. From there, I went to the University of 

Freiburg to become an Assistant Professor, as part of a traditional geosciences 

department. After three years, I wanted to shift my research more toward energy related 

challenges. So when a new position in the Geo-Energy team at University of Groningen 

opened up when Professor Rien Herber retired, I immediately applied for it.’ 

 

How did you get acquainted with the DeepNL programme? 

‘I have been following the work of Chris Spiers and Suzanne Hangx at Utrecht 

University for a long time. Suzanne and I first met during a conference in the UK for 

young geoscientists, back in 2012. We were both working on CO2 storage then, and 

have even published some articles and posters together. Through my connection with 

her, I was aware the DeepNL programme existed. This tenure track call was a great 

opportunity to become part of the programme myself.’  

 

What is the main aim of your DeepNL research? 

‘I want to understand how the composition of the sandstone in the Groningen area 

influences compaction. The sandstone consists of sand grains and minerals cementing 

them together. Predictive models about the future compaction of the sandstone are 

based on data taken from a single well, and assume that this composition is uniform 

over the entire reservoir. In this project, I am going to use imaging techniques like 

optical and electron microscopy and x-ray diffraction, to gather information about the 

variability in the composition of the sandstone from wells that have been drilled at 

different locations over the past forty years.  

I will subject samples from these different wells to triaxial compaction experiments at 

Utrecht University to analyse if, and if so how, the variability in composition of the 

sandstone influences compaction. Finally, I will incorporate these experimental data on 

grains and minerals at the micron scale into a model describing the composition and 

texture of the sandstone on a metre and even kilometre scale.’ 

 

How does your work link to other DeepNL projects? 

‘The results of my research are relevant for the other projects related to geomechanical 

and seismic modelling. I hope my research can provide them with input data to improve 

their models. Previous work indicated that variability in composition of the subsurface 

should have an impact on its geomechanical behaviour. My work hopefully will help 

determine at what scale and to what extent.’ 

 

How is your research relevant for DeepNL stakeholders? 

‘This project will help improve predictions of where future compaction and thus 

subsidence will occur as a result of fluid extraction from the underground. I explicitly 

aim to not only incorporate data about the gas reservoir itself, but also about aquifers  

in its surroundings. Pressure within these aquifers may drop due to communication  

with the depleted gas reservoir. I want to determine if as a result, these aquifers will 

experience similar signs of subsidence. My ultimate aim, both with this tenure track and 

hopefully a tenured position after, is to contribute to safe subsurface utilisation in  

the future.’  
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News from the DeepNL network



General news 
 

 

Preparations for parliamentary enquiry  
 

The Dutch House of Representatives appointed a temporary 

committee to prepare for a parliamentary enquiry about 

natural gas extraction in Groningen and its consequences. 

This inquiry is planned to start in 2021 and should should 

clarify what risks were taken with the gas production, how 

this resulted into earthquake damage, what could have been 

done differently, and what lessons can be learned. The 

committee, consisting of eight members of the House of 

Representatives, will prepare a proposal on the scope, 

objectives and research questions for a comprehensive 

inquiry that will go back to the start of the gas extraction.  

A parliamentary inquiry is the heaviest investigative tool at 

the disposal of the House of Representatives. 
 

KNMI annual overview of seismicity in the 
Netherlands  

KNMI issued its annual overview of seismicity in the 

Netherlands. In 2020, there were 90 earthquakes in the 

Netherlands: 76 induced (by gas extraction) and 14 of 

tectonic (natural) nature. Most of the induced earthquakes 

took place in the Groningen gas field, 69 in total. The 

strongest earthquake recorded took place at Loppersum 

with a magnitude of 2.7 on the Richter scale. In recent years, 

a decrease in the total number of earthquakes in Groningen 

has been observed. However, over the last 12 months the 

amount of earthquakes with a magnitude larger or equal to 

1.5 on the Richter scale slightly increased to 15 in 

comparison to 11 in the previous 12 months. The full annual 

overview can be found on the KNMI website (in Dutch). 

 

Dashboard Groningen online  

The website dashboardgroningen.nl provides an overview 

of the facts and figures related to gas production in 

Groningen and is based on public data from NLOG, KNMI, 

NCG and IMG. In March 2018, the Dutch Government 

decided to reduce and end the gas production in the 

Groningen field as soon as possible. The reduction is going 

faster than initially expected. From mid-2022 the production 

will in principle drop to zero. A large part of the Groningen 

field can be shut-in and only a few locations in the field will 

remain available as a backup in case of exceptional weather 

circumstances. In the gas year 2019-2020 (running from 1 

October 2019 until 30 September 2020) a total of 8.7 billion 

Nm3 gas was produced in the Groningen field. This is not 

only lower than the initially established 11.8 billion Nm3, but 

also the first time since the end of the 1960s that 

production was below 10 billion Nm3. The government has 

established the production for the current gas year 2020–

2021 on 8.1 billion Nm3.  
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Annual amount of induced earthquakes in the Groningen gas field between 1991 and 2020 (source KNMI).

https://www.knmi.nl/over-het-knmi/nieuws/jaaroverzicht-aardbevingen-2020
http://www.dashboardgroningen.nl


Special issue Netherlands Journal of 
Geosciences on Geothermal Energy 

The Netherlands Journal of Geosciences (NJG), published 

a special issue related to geothermal energy. Contributions 

were made by many authors from industry, science and 

governmental organisations which play a role in the Dutch 

geothermal industry. The special provides a snapshot of the 

current status of geothermal energy in the Netherlands and 

provides insights in the potential future of geothermal 

energy within the Dutch Energy Transition. The special 

issue is available in open access format via the NJG 

website at Cambridge University Press. 

 

New COVRA research programme on 
subsurface storage 

COVRA launched a new research programme on the safe 

final storage of radioactive waste. COVRA processes all 

radioactive waste from the Netherlands and stores it in 

aboveground buildings for at least one hundred years. After 

this period of time, some of the waste is still radioactive and 

must therefore be kept away from humans and nature for  

a long time; sometimes for over one hundred thousand 

years. This can be done by storing the waste in the deep 

underground. In the previous programme, OPERA, research 

was conducted into technological and geological 

conditions for a safe final geological disposal facility and 

the required social processes. COVRA’s new research 

programme, which runs until 2025, focuses on the further 

development of knowledge on safe geological disposal 

systems and addresses fundamental questions related to 

rock salt and poorly indurated clay formations. 

 

Doctoral School to train geothermal energy 
leaders 

The European Commission has awarded 3.4M€ to a project 

on geothermal energy, that will be led by researcher Maren 

Brehme (TU Delft) in collaboration with ETH Zurich, RWTH 

Aachen and Politecnico di Milano. The project entitled 

‘EASYGO: Efficiency and Safety in Geothermal Operations’ 

is one of the Innovative Training Networks meant to 

stimulate both extraordinary global research as well as 

excellent training opportunities for PhD candidates. 

EASYGO focusses on how to operate a geothermal system 

in the most efficient and safe manner after a geothermal 

resource has been identified. That question is approached 

from different perspectives, integrating geology, 

geophysics, geochemistry, advanced modelling and 

process engineering. Five of the thirteen involved PhDs will 

work at TU Delft and strengthen the geothermal research 

group around Phil Vardon, Maren Brehme and David Bruhn. 

 

Horizon 2020 project EXCITE granted 

Within the Horizon 2020 call ‘Integrating and opening 

research infrastructures of European interest (INFRAIA-02-

2020)’, the project ’EXCITE: Electron and X-ray microscopy 

Community for structural and chemical Imaging Techniques 

for Earth materials’ was granted. This project aims to 

establish a European research infrastructure with a focus 

on earth-materials science and technology. The consortium 

consists of 15 European facilities specialising in electron 

and X-ray microscopy with a collective objective to develop 

correlative imaging technologies and provides access to 

world-class facilities, particularly to new and non-expert 

users. The consortium includes TU Delft and is coordinated 

by Utrecht University with Oliver Plümper as contact 

person.   

 

Weekly GeoScience & GeoEnergy Webinars  

Every Thursday (16:00-17:00 CET), DeepNL researcher Hadi 

Hajibeygi together with Sebastian Geiger from Harriot Watt 

University organises the GeoScience & GeoEnergy 

Webinars. During each webinar renowned speakers give 

lectures on interesting geoscience or geoenergy topics. 

Giovanni Bertotti, member of the DeepNL programme 

committee, and DeepNL researcher Chris Spiers 

contributed to the webinars with lectures on respectively 

‘The geology of flow through carbonate rocks: from fracture 

networks to (hypogenetic) karst’ and ‘Induced seismicity in 

the giant Groningen gas field: understanding the underlying 

rock & fault mechanical controls’. The webinars stay 

available to be watched online. 

 

Femke Vossepoel featured in Women in 
Data Science podcast  

DeepNL researcher Femke Vossepoel was featured in a 

podcast by the Women in Data Science (WiDS) initiative. 

WiDS aims to inspire and educate data scientists 

worldwide, regardless of gender, and to support women in 

the field. In the podcast Femke explains how data 

assimilation tools that she uses for DeepNL research 

originated in weather forecasting and can also be used to 

improve COVID-19 forecasting models.  
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On March 27th 2020, Chris Spiers retired from his position 

as professor in Earth Materials and Experimental Rock 

Deformation at Utrecht University. Under Chris Spiers’ 

leadership, the laboratory for experimental rock deformation 

(‘HPT-lab’) became a place for top research in areas from 

solid state flow of crustal and mantle rocks, to pressure 

solution, salt mechanics, frictional behaviour of faults, 

effects of CO2 storage on the properties of reservoir rocks, 

and quantifying rock and fault strength in relation to 

human-induced earthquakes. His work has had great 

impact on fundamental science as well as societal 

challenges, which comes together nicely in his role in 

DeepNL. The award of the prestigious EGU Louis Néel 

medal in 2016 was a very much deserved appreciation for 

his impressive track record. Chris not only is a great 

scientist, but also has been a true motivator for the 

students and colleagues he worked with, showing genuine 

personal interest in people, and understanding the 

importance of a good working atmosphere. Also after his 

retirement, Chris Spiers will continue being involved in the 

HPT-lab and DeepNL research. 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

After 24 years at the RWTH Aachen University, in July 2020 

Janos Urai retired from his position as professor in 

Structural Geology, Tectonics and Geomechanics. Janos 

started his career with a PhD at Utrecht University and after 

working at various American and Australian universities and 

Shell in Rijswijk he moved to the RWTH in 1996 and 

gradually built up his teaching and research area ‘Geology - 

Endogenous Dynamics’. Today, the university contains 

state-of-the-art laboratories for analogue experiments on 

rock deformation, micro tectonics and scanning electron 

microscopy. Typical for his work is the cross-scale research 

from small-scale processes on a micrometre scale to large-

scale tectonics on a scale of several hundred kilometres. 

One of his research passions is focused on salt dynamics. 

Since 2006 he is also active at the German University of 

Technology (GUtech) in Oman, where he built the Faculty of 

Science and Department of Applied Geoscience. He also 

acted as dean of the Geosciences Faculty. As a teacher, he 

was as inspiring as he was demanding. Especially his 

numerous excursions will be remembered for a long time. 

Janos Urai will remain active in the field and will also 

continue with his role in the DeepNL programme 

committee. 
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Janos Urai Chris Spiers  

Retired researchers from the DeepNL community



KNAW Early Career Award for Ylona van 
Dinther 

In November, Ylona van Dinther (UU) was awarded with the 

Early Career Award of the Royal Netherlands Academy of 

Arts and Sciences (KNAW). This award is meant for young 

scientists capable of developing original and enlightening 

research ideas. The jury stated that Ylona van Dinther 

conducts ground-breaking research that has forged new 

directions in geophysics. She and her group at ETH Zurich 

developed and applied new numerical models that examine 

both the slow tectonic processes in the earth’s crust and 

abrupt earthquake events, as well as the relationship 

between the two. The models also help contribute to 

explain and quantify the risks of natural and induced 

seismicity and tsunamis. Her lectures on how to combine 

an academic career and a family have made her a role 

model for young researchers.

NWO Athena Award for Arwen Deuss 

Arwen Deuss (UU), member of the DeepNL programme 

committee, was one of 2020’s two recipients of the Athena 

Award for outstanding female researchers. Each winner 

receives a price of €50,000 that can be used for their 

research. The jury considered Deuss to be a role model, 

since she is at the forefront of her scientific field, she is an 

inspiring mentor, and she is very active in outreach 

activities. The jury praises her contributions to creating an 

academic environment in which women have equal 

opportunities to pursue a career. 
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Two projects in NWO User Support 
Programme Space Research 

DeepNL researchers Femke Vossepoel (TUD) and Rob 

Govers (UU) received funding within the User Support 

Programme Space Research which NWO carries out in 

collaboration with the Netherlands Space Office (NSO).  

A total of nine projects were funded.  

 

Femke Vossepoel’s research project, ‘Satellite subsidence 

and sea-level data assimilation for mean high-water line 

assessment in the Bangkok area’, will focus on increased 

flood risk at the coastline of Bangkok, Thailand. Subsidence 

caused by groundwater production and sea-level rise affect 

this coastline. The project will combine satellite 

observations with model forecasts to better estimate 

subsidence and sea-level rise. This will ultimately help 

prevent and mitigate flooding. 

 

Rob Govers’ project, ’Fingerprinting vertical land motion 

from the earthquake cycle above subduction zones’, will 

focus on the fast sea-level changes in coastal regions 

where the largest earthquakes occasionally occur. The 

project investigates a new method for forecasting these 

earthquake cycle-related vertical motions of the solid earth 

that cause the relative sea-level changes. This is important 

for designing harbour and coastal defence infrastructures. 

 

NWO Vidi grant for Oliver Plümper  

DeepNL associate project leader Oliver Plümper (UU) 

received a prestigious Vidi research grant of 800,000 euros 

from NWO. His project will investigate volatile release 

mechanisms in subduction zones, because these drive 

volcanic eruptions, trigger earthquakes and recycle CO2 

from the deep earth to the surface. He will couple geological 

observations, experiments and numerical models to 

understand when carbon is released from subduction zones, 

and whether subduction zones scrub carbon. 

Prizes received by DeepNL researchers

NWO grants received by DeepNL researchers



Building a digital rock 
 

Understanding how multiphase flows relates to molecular interactions within 

porous media accross length scales to develop a digital rock model that can 

predict subsurface processes. That is the aim of Maja Rücker’s DeepNL tenure 

track research at Eindhoven University of Technology.

Photo: Bram Saeys
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Since last November, you have been part of the Energy Technology group at Eindhoven 

University of Technology. How did you end up there? 

‘I studied Geoscience at the Johannes-Gutenberg University in Mainz, Germany. That 

study attracted me since it is a beautiful combination of physics, chemistry and hands-on 

work. During my MSc studies, I got the opportunity to do an internship at Shell Global 

Solutions International B.V on the topic of multiphase flow in porous rocks. That’s when  

I stepped into energy research. Shell then offered me the possibility to dive even deeper 

into the energy field by pursuing a PhD in Petroleum Engineering. That project was a 

collaboration with Imperial College London, where I stayed on as a Research Assistant 

and later as Research Associate in the Chemical Engineering Department. After that 

postdoc period, I decided it was time to broaden my horizon further by moving to 

Mechanical Engineering and Energy Technology at TU Eindhoven.’ 

 

How did you get acquainted with the DeepNL programme? 

‘I had worked with geoscientists from the Netherlands before and wanted to join that 

community. When I was looking for opportunities in the Netherlands, I found this specific 

tenure track call. As far as the DeepNL programme itself is concerned, I find it very 

appealing that it includes so many different aspects of the geosciences to address bigger 

societal challenges.’ 

 

What is your DeepNL tenure track research about? 

‘My research interest is in studying molecular interactions of fluids within porous materials 

and how these link to macroscopic flow phenomena. Over the past years, this field has 

moved toward so called ‘Digital Rock Technologies’, covering a range of computational 

models and imaging tools to simplify our studies and accelerate our understanding of flow 

behavior in the sub-surface down to the smallest length scales. However, these models 

are not yet able to predict subsurface processes, due to missing data about the internal 

surface of the rock, including structural and chemical properties at the smallest scales.  

I am going to use techniques such as AFM, X-ray micro-CT and Inverse Gas 

Chromatography to fill this gap. The aim is to end up with a comprehensive description of 

geochemical and reactive transport phenomena that cause precipitation and dissolution 

along the internal surface of porous rocks.’ 

 

How does your work link to other DeepNL projects? 

‘At first glance, I would be keen to link up with the projects of Suzanne Hangx and André 

Niemeijer, which also focus on small scale processes. And more in general, I hope I will be 

able to make use of the expertise and views from the entire DeepNL community to get 

feedback on my own research plans. In my view, modelling and experiments go hand in 

hand. That is why initially, I will focus on a model system of carbonated rock, instead of on 

samples from for example the Groningen reservoir. However, eventually I do want to look 

at a demonstrator case and to embed my research into ongoing activities within the 

programme. I would love to discuss with the DeepNL research community what system 

would be best to use for this.’   

 

What is the relevance of your research for the stakeholders involved in DeepNL? 

‘Eventually, digital rock models can be used to design safe and sustainable subsurface 

applications like H2 or CO2 injection. My work will help understand dissolution and 

precipitation processes associated with these applications, and how they might lead  

to damage.’



News from EPOS-NL 
 

EPOS-NL (European Plate Observing System – 

Netherlands) is the Dutch research infrastructure for solid 

Earth sciences. It is a partnership between Utrecht 

University (UU), Delft University of Technology (TU Delft) 

and the Royal Netherlands Meteorological Institute (KNMI) 

and is funded by the Dutch Research Council (NWO). 

EPOS-NL aims to further develop large-scale geophysical 

facilities for frontier-breaking research on geo(thermal)-

energy, induced or natural geohazards, and geological 

storage of fluids and waste; provide access to these 

facilities for (inter)national researchers; and facilitate global 

discovery and access to solid Earth scientific data.  

With these aims, EPOS-NL perfectly underpins research in 

the context of the DeepNL programme. Here we note the 

main highlights of 2020 and a few expectations for 2021.   

 

EPOS-NL team started 

In early 2020, the EPOS-NL management and data science 

team started (largely from home), with three positions in 

Utrecht, two in Delft and one at the KNMI. 

 

Facility development 

In the summer, new imaging equipment was installed at the 

multi-scale imaging and tomography (MINT) facility at 

Utrecht University. The new equipment complements a 

workflow distributed at UU and TU Delft, to visualise and 

correlate 2D and 3D rock structures and microchemical 

maps at an unprecedented range in imaging scales: from 

several nanometres (e.g. nanopores) to decimetres (e.g. drill 

core). Preparations for drilling the deep geothermal well 

(DAPwell) at the campus of TU Delft are well underway. 

Drilling is expected to start in about a year.  

 

Open call for facility access 

EPOS-NL arranges financial, technical and scientific 

support for access to external researchers who want to 

make use of EPOS-NL lab facilities. In mid-February 2021, a 

call opened for remote access to the High Pressure and 

Temperature lab of the Earth Simulation Lab (UU) and the 

above-mentioned MINT imaging facility (UU and TU Delft). 

Remote access implies that researchers can send in 

samples for analysis on the basis of remotely provided 

instructions. More information can be found on the EPOS-

NL website. 

 

Access to data from the Groningen gas field 

The ORFEUS Data Centre at KNMI is one of the main data 

centres for seismology in Europe and includes a vast and 

openly accessible dataset on the Groningen gas field. Data 

from the Utrecht University mobile seismic network (NARS), 

now installed in Groningen, were recently added to ORFEUS. 

In 2021, 60 TB of new data from the recently expanded 

seismological network in the Groningen field will be added, 

courtesy of the field producer, the Nederlandse Aardolie 

Maatschappij (NAM). Finally, in response to a request from 

within the DeepNL community for more geological data on 

the Groningen gas reservoir, NAM agreed to openly distribute 

their Petrel geological model via EPOS-NL. This model can 

be accessed via the EPOS-NL website.  

 

Stay up to date 

If you want to stay up to date on EPOS-NL developments, 

access calls and open data, you can subscribe to the 

newsletter on www.EPOS-NL.nl.  

 

The EPOS-NL team 

Ronald Pijnenburg, Susanne Laumann, Richard Wessels, 

Geertje ter Maat, Lora Armstrong, Jarek Bieńkowski, Otto 

Lange, Phil Vardon, Reinoud Sleeman, Kees Wapenaar, 

Jeannot Trampert, David Bruhn, Ernst Willingshofer, Auke 

Barnhoorn, Oliver Plümper, André Niemeijer, Martyn Drury. 
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News from KEM 
 

The Knowledge Programme on the Effects of Mining (KEM) 

initiated by The Minister of Economic Affairs has been 

running for three years now. It focusses on addressing 

specific research questions raised by public authorities or 

the public at large, which can be answered within 1-3 years 

by (inter)nationally leading experts or research groups. The 

programme aims to contribute to enhancing the capabilities 

and instrumentation on mining hazard and risk assessment 

in the Netherlands. The scope includes all mining activities 

falling under the Mining Law and concerning seismic, 

subsidence and fluid leakage risks impacting people or the 

environment.  

 

Seismicity 

In the first three years the majority of the KEM projects 

were concerned with Groningen seismicity. KEM research 

projects on induced seismicity have contributed to 

improving mining policy and inspection procedures.  

For example, KEM had impact on safe pressure limits of 

underground gas storage (KEM-01), on the quality of 

requirements for seismological monitoring networks  

(KEM-11), on processes and methods used in the public 

probabilistic seismic hazard and risk assessment (PSHRA) 

instrument (KEM-02, KEM-04, KEM-08). The KEM 

programme also contributed to the development of a first 

version of public probabilistic seismic hazard and risk 

analysis (PSHRA) tool for Groningen, developed and 

validated against the tool of the operator by TNO. A 

subpanel of the KEM scientific expert panel will advise  

on further developments of the instrument. Recently,  

KEM and DeepNL have initiated a colloquium series to 

exchange information and discuss results and the 

research agenda. 

 

Subsidence and fluid leakage 

Fewer projects concerned subsidence and fluid leakage 

mining hazards and risks. Nevertheless, KEM project results 

have influenced the view on safe abandonment strategies 

for deep salt caverns mitigating severe subsidence risks 

(KEM-17). A study to improve subsidence hazard and risk 

modelling is underway. Also, the first KEM projects have 

started to study fluid leakage risks (KEM-35, KEM-17,  

KEM-18, KEM-19). Results of all KEM projects are published 

on kemprogramma.nl. 

 

KEM is convinced that the combination of the DeepNL and 

KEM research programmes has high added value for the 

Dutch society. KEM sees significant added value in 

intensifying the current collaboration and exchange of 

expertise and information, facilitated by the recently started 

colloquium series. The KEM research agenda for coming 

years formulated in the context of the energy transition 

suggests that it would be beneficial to have a collaboration 

with current and new scientific programmes on seismicity, 

subsidence and leakage hazards and risks. 

 

 

 

 

 

 

 
 

Femke Vossepoel member KEM subpanel  
 

From 2021 onwards, TNO will perform the yearly  

probabilistic seismic hazard and risk analysis for gas 

production of the Groningen gas field, which was 

previously performed by the operator (NAM). The public 

model chain that is used has been developed by TNO 

under the umbrella of the KEM programme. There is a 

need to further develop these models because although 

gas production will cease, seismicity risks in Groningen 

will continue to occur for some time.  A KEM subpanel 

has been established to advice on model development 

plans, new research questions and the implementation  

of new scientific insights. Femke Vossepoel has been 

appointed to the subpanel on the basis of her expertise 

on ground motion data assimilation and will contribute in 

her personal capacity. The subpanel will carefully monitor 

the results of the DeepNL research. Because of her 

involvement in this programme and other (international) 

research programmes, Femke Vossepoel sees this as an 

opportunity to foster the interaction between research 

and model development for probabilistic seismic hazard 

and risk analysis in the Netherlands. 
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Femke Vossepoel

Professor Frank Baaijens 

Chair of the Scientific expert panel of KEM

http://www.kemprogramma.nl.


Merging geology and tribology 
 

‘My new team at the University of Twente will be the first in the new 

interdisciplinary field called geotribology.’ DeepNL tenure track researcher  

Tanmaya Mishra holds great ambitions. ‘The knowledge base we will build will not 

only be relevant for earthquake physics in subsurface energy recovery and 

storage, but also to describe the behaviour of granular materials like soil in 

engineering applications such as drilling and geotechnics.’
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What is your background? 

‘After obtaining my bachelors’ degree in Mechanical Engineering from the National 

Institute of Technology Rourkela (India), I specialized in tribology at the University of Leeds 

in the UK, the University of Ljubljana in Slovenia, and Luleå University of Technology in 

Sweden. Subsequently, I obtained my PhD degree from the University of Twente on 

developing a multiscale friction model for zinc coated steel to manufacture automotive 

bodies. Then I wanted to extend my studies to a new field of interest. I did a postdoc at 

Utrecht University where I applied my knowledge of tribology  in the context of geological 

effects. That is how I got involved in earthquake related research, and got acquainted with 

the DeepNL research programme.’ 

 

Your tenure track position will be the first DeepNL position at Twente’s Faculty of 

Engineering Technology. How did you convince them to hire you on a subsurface 

related project? 

‘The University of Twente has several research groups that are working on tribology and 

granular mechanics related subjects. I highlighted the possibility to use this tenure track 

as a means to bring these groups together in a dedicated joint effort.’ 

 

What is the main aim of your DeepNL research? 

‘To develop a physics-based multiscale model to extrapolate frictional behaviour from  

the level of single grain microcontact all the way up to the kilometre scale faults. Using 

experiments and numerical models, I will investigate frictional mechanisms at the single 

grain scale in crushed fault rocks. The results will be used to develop both microphysical 

and numerical models for the decimetre scale. And these will be implemented in an 

earthquake model to compute friction and seismic slip on faults at the kilometre scale.  

The most important challenge will be to determine how physical phenomena at the 

micrometre level scale reflect in behaviour of natural faults at the larger length scales.’ 

 

How does your work link to other DeepNL projects? 

‘There is an obvious link with the project of Suzanne Hangx, which also uses  single grain 

contact models to study  reservoir compaction. It would be good to exchange our contact 

and friction models. Also, there are interesting links with the project of André Niemeijer. 

We are both looking at fault friction under different conditions: that project looks at 

frictional heating in dynamic slip, while I will focus on friction in quasi-static slip instead. 

Nevertheless, our microscale models and numerical models  will be mutually beneficial.’ 

 

How is your research relevant for DeepNL stakeholders? 

‘Most of all, our work will help constrain friction in the reservoir faults. As a result, we will 

be able to more accurately predict the expected magnitudes of earthquakes related to 

gas reservoirs.’  

 

What are your ambitions? 

‘Ultimately, I want to put this new field of geotribology on the map, both in research and in 

education. I know that around the world, there are some geology groups cooperating with 

tribologists, but as far as I know, my team will be the first interdisciplinary geotribology 

group. This line of research will be crucial in context of the ongoing energy transition.  

I am looking forward to using this tenure track as a stepping stone to greater things.’ 



A C T I V I T I E S  A N D  M E E T I N G S  I N  2 0 2 1  
 

 

First KEM-DeepNL Colloquium  

On 28 January, the first in a series of 

colloquia was held, on the topic of on ‘3D full 

seismic waveform modelling of 3D ground motion effects’. 

This series is initialised by the Scientific expert panel of the 

Knowledge programme on the Effects of Mining (KEM) 

together with the programme committee of the scientific 

research programme DeepNL. The two-hour colloquia aim 

at knowledge sharing and debate, taking results of 

completed KEM projects as a starting point. Researchers of 

the KEM project present their results and discuss with the 

research teams of related DeepNL projects. This first 

colloquium took project KEM-04 as a starting point and 

addressed the feasibility and added value of using 3D 

seismic wave form modelling for ground motion effects. 

KEM researchers Roberto Paolucci (Politecnico di Milano) 

and Gabriele Ameri (Seister) presented the results of a data 

driven study on 3D seismic structural features of Groningen 

ground motions to the research teams of the DeepNL PI’s 

Kees Wapenaar and Jeannot Trampert. The presentations 

are recorded and will made available online at a later stage. 

 

 

 
 

 
NAC2021 

This year the annual Netherlands Earth 

Sciences Congress (NAC) will take place 

online. The conference aims to bring together all fields of 

research within the Earth Sciences. There will be a 

dedicated DeepNL parallel session for which several 

DeepNL researchers submitted abstracts. Several others 

will present their results within the poster sessions. NAC is 

organised by NWO. DeepNL researchers Femke Vossepoel 

and Oliver Plümper take part in the NAC programme 

committee.  

 

 

Annual DeepNL Stakeholder 
Meeting 

The Annual DeepNL Stakeholder Meeting will 

be held online this year and will be open to anyone interested 

in DeepNL and research on the dynamics of the subsurface 

under the influence of human activities in general. The 

meeting is targeted at an audience consisting of researchers 

and professionals from the public sector and industry. The 

aims of the meeting are knowledge dissemination, discussion 

on results, application and knowledge gaps, strengthening 

links with related programmes and community building. The 

programme contains presentations of ongoing DeepNL 

projects and the introduction of the new tenure track 

researchers who will introduce their projects. Ipo Ritsema will 

present results of the related Knowledge programme on 

Effects of Mining (KEM). 
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Looking ahead 
  

In 2021 the ongoing projects will build further on their promising first results and will hopefully 

be able to catch up on their lab-work. This year will also bring about a broadening of the 

DeepNL network and research with the start of three projects by the new tenure track 

researchers and the expected funding of seven new research projects within the third DeepNL 

call. New PhD students and postdoc researchers will be recruited and incorporated in the 

DeepNL community during the course of the year. Ties with the KEM programme will be 

strengthened and there will be new DeepNL meetings and scientific conferences. 

JANUARY 

28
APRIL 

8-9

MAY-JUNE 

2021



 
S E L E C T I O N  O F  R E L E V A N T  C O N F E R E N C E S  I N  2 0 2 1  

 
 

First EAGE Workshop on 
Induced Seismicity 

The First EAGE Workshop Induced Seismicity 

is an online event part of the EAGE GeoTech 2021 conference. 

It provides an opportunity to explore the latest developments 

in monitoring, modelling and mitigation of induced seismicity. 

Over three structured days of technical talks and discussions 

we will seek to examine the mechanisms and dominant 

factors related to the occurrence of felt induced events. 

Following an examination of the science, we will also explore 

how the geomechanical, seismological and geological 

expertise can best guide science based regulations, 

technical specifications and effective mitigation strategies. 

The EAGE conference also encompasses workshops on 

Practical Reservoir Monitoring, Distributed Fibre Optic 

Sensing and Directional Drilling and Geosteering. 

 

 

EGU General Assembly 2021 

The European Geosciences Union online 

General Assembly will bring together 

geoscientists from all over the world covering all disciplines 

of the Earth, planetary, and space sciences. The EGU aims 

to provide a forum where scientists, especially early career 

researchers, can present their work and discuss their ideas 

with experts in all fields of geoscience. 

 

 

 
 

 
 
EAGE Annual Conference & 
Exhibition 2021 

The 82nd EAGE Annual Conference & 

Exhibition is a large multi-disciplinary geoscience and 

engineering event organised in Amsterdam. The conference 

has over 1,300 technical oral and e-poster presentations, 

where participants can get up-to-date insights covering 

every aspect in geoscience and related engineering topics, 

training courses, and workshops. In addition, key sessions 

are held for students, young professionals, and women in 

the geoscience and engineering industry. DeepNL 

researcher Femke Vossepoel is a member of the local 

advisory committee. 

 

 

SIAM Conference on 
Mathematical & Computational 
Issues in the Geosciences 

The study of geophysical systems at all scales, whether  

from a scientific or technological perspective, calls for 

sophisticated mathematical modelling, efficient 

computational methods, and pervasive integration with data. 

This effort is fundamentally interdisciplinary. This conference 

aims to stimulate the exchange of ideas among geoscientific 

modellers, applied mathematicians, statisticians, and other 

scientists, fostering new research in the mathematical 

foundations with an impact on geoscience applications. 

DeepNL researchers Rhys Hawkins, Kathrin Smetana, and 

Jeannot Trampert submitted a proposal for a mini-

symposium at the SIAM conference with speakers from the 

areas of Geoscience and Applied Mathematics, aiming to 

facilitate interdisciplinary exchanges and collaborations. 

Outcome of DeepNL Call 2a 

The third call for proposals had its deadline 

in November 2020 and is currently in the 

phase of peer review, followed by the assessment by an 

independent committee. It is expected that seven 

proposals can be funded and announced on the NWO 

website in June 2021. During the second half of the year the 

project leaders will recruit PhD students and postdocs and 

start their projects. 

Annual DeepNL Scientific 
Meeting 

The yearly DeepNL Scientific meeting is 

planned for November 2021. This meeting brings together 

all DeepNL research projects and the programme 

committee. The aim is to share progress and results, 

discuss plans and activities, and strengthen the coherence 

of the programme. 
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14-17

APRIL 

19-30

JULY 

21-24

JUNE 

2021
NOVEMBER 

2021

MARCH 
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EPOS-NL annual meeting 

The first EPOS-NL annual meeting will be 

held on 16 September 2021, from 13:00 to 

17:00 CET. Here you can get lots of information on unique 

Dutch research facilities and data for solid Earth sciences, 

and on how you can access both facilities and data - free of 

charge. It will also be a chance to get together and share 

interesting developments on new facilities, data and tools 

that can help you in your research.  
 

 
GeoMod 2021 

The GeoMod conference was moved to 2021 

due to the pandemic and will be hosted 

close to Utrecht. It is a biennial international conference 

dedicated to the latest results of analogue and numerical 

modelling in the Geosciences. The meeting is supported 

with funds from the NWO Domain Science programme for 

scientific meetings. The main aim of GeoMod is to discuss 

and present the latest ideas, methods and results of 

laboratory, analytical and numerical modelling of geological 

processes. DeepNL researcher Ylona van Dinther is part of 

the organising committee. 

 

 

GeoKarlsruhe 2021  

Succeeding last year’s GeoUtrecht, the 

DGGV organises its 2021 Annual Meeting in 

collaboration with the KIT Karlsruher Institute of 

Technology in Germany. This years’ theme is ‘Sustainable 

Earth – from processes to resources’.  

 

 

ESC2021 

The 37th General Assembly of the European 

Seismological Commission will be held 

online and will cover the broad fields of seismic networks, 

seismic hazard and risk, physics of earthquakes, study of 

the Earth’s interior, array seismology, engineering 

seismology, induced seismicity, seismic anisotropy, 

earthquake forecasting, statistical seismology, historical 

seismology and microseismology, recent significant 

earthquakes, earthquake secondary effects, as well as 

education, outreach and societal implications. 
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The DeepNL programme was founded with the plan to  

have several funding rounds, an earmarked budget for 

opportunities (small projects for integration, tuning, impact 

etc.) and a dedicated budget for programme activities and 

communication. The overall financial framework for the 

DeepNL programme was originally based on a budget of  

20 M€, of which the NAM contributed 15 M€ and NWO  

5 M€. In addition the programme received a budget of  

4.23 M€ from the Netherlands Enterprise Agency (RVO) 

through an allowance scheme for public private 

partnerships (‘PPP-allowance’). This makes the total 

programme budget currently 24.23 M€. Below, a schematic 

overview of the distribution of the budget over the different 

calls and activities of the programme is given.  

 

The funding rounds are designed on the basis of the 

DeepNL programme description and this includes the 

possibility to take into account new developments and 

insights. The programme committee advices NWO on the 

design of new funding rounds and the use of the reserved 

funds for opportunities and programme activities. Presently 

it is expected that the programme will be realised as 

planned, but ultimately the board of the NWO Domain 

Science will decide on the publication of calls.
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Tentative high level planning for calls and resulting research projects within the  
DeepNL programme

Programme Activities: network activities, outreach and communication 

Opportunities: integration/application/connection with other programmes/visiting scientists

  1a - Eight large research projects

  1b - Three tenure track projects  Call 1b 

  2a - 'Seven small research projects (~1 PhD)  Call 2a 

  2b - Research projects - to be determined  Call 2b 

  Call 1a

Tentative distribution of the DeepNL funds over the different calls and activities. 
 

Funding round 1a   |   2018   |   Awarded: €8,831,353 
Focus: Excellent research projects relevant for DeepNL’s objectives and challenges 

 
Funding round 1b   |   2019-2020   |   Awarded: €2,247,000 
Focus: Tenure Track candidates 

 
Funding round 2a   |   2020-2021   |   Reserved: ~€2,500,000 
Focus: Small research projects, broadening and knowledge gaps.  

 
Funding round 2b   |   2022/2023   |   Reserved: ~€7,751,647 
Focus: To be determined. 

 
Opportunities   |   Reserved: €1,000,000   |   Focus: Opportunities, integration, application etc..  

 
Programme Activities   |   Reserved: €1,000,000   |   Network activities, outreach and communication 

 
Realisation costs   |   Reserved: €900,000   |   NWO & Programme Committee 

 
Total budget DeepNL: M€ 24.23 
NAM contribution: M€ 15   |   NWO contribution: M€ 5   |   PPP Allowance: M€ 4.23

2018                2019                 2020               2021                 2022               2023                2024               2025               2026               2027                2028

F U T U R E  C A L L S  A N D  O V E R V I E W  D E E P N L  B U D G E T  



Organisation of DeepNL 

The DeepNL programme falls under de responsibility of the 

Board of the NWO Domain Science. The board decides 

about the structure and publication of funding rounds, the 

awarding of funding to research proposals and the 

appointment of committees.  

 

The programme committee is the driving force in realising 

the overarching objectives of DeepNL and advises the 

board on the implementation of the programme. An 

international advisory committee will be appointed to 

provide external advise on the progress of the research 

projects and the overall DeepNL programme. The NWO 

programme office coordinates the practical realisation of 

DeepNL activities and provides support to the committees 

and the research projects. The research itself takes place at 

knowledge institutions within the projects that are funded 

through consecutive calls for proposals. Interaction with 

related research programmes and stakeholders takes place 

at various levels within the DeepNL programme. 
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Related research progr ammes and stakeholders

NWO Domain Science Board

NWO programme office Programme committee

International advisory 
committee 

Appendix

Research projects



DeepNL programme committee 
The programme committee is appointed by the NWO 

Domain Science Board. It monitors the coherency and 

progress of the research, initiates activities that facilitate 

coherency within the programme together with the NWO 

programme office, and encourages the sharing of knowledge 

with stakeholders and the public. The programme committee 

also advises on the design of new funding rounds and the 

use of the reserved funds for opportunities and programme 

activities. 

 

 
em. Prof. Rinus Wortel chair 

UU 

 

Dr Giovanni Bertotti 

TUD 

 

Prof. Arwen Deuss 

UU 

 

Prof. David Smeulders 

TU/e 

 

em. Prof. Janos Urai 

RWTH Aachen 

 

Dr Hanneke Verwey 

former TNO 
 

 
 
International advisory committee 
During the course of 2021, NWO will appoint an 

international advisory committee. The members will be 

renowned scientists who will evaluate the progress of the 

projects and the entire DeepNL programme from an 

international perspective and will advise on any 

adjustments needed.

NWO programme office 
The programme coordinators from the NWO office fall 

under the responsibility of the head of Earth Sciences & 

Astronomy of NWO Domain Science. They coordinate the 

practical realisation of DeepNL activities and the funding 

rounds. The NWO office supports the programme 

committee in realising its tasks. The programme 

coordinators act as point of contact for the DeepNL 

researchers and stakeholders. The coordinators act as the 

secretaries for the programme committee, international 

advisory committee and independent selection 

committees. The programme office supports the activities 

developed within the network and facilitates the overall 

communication and outreach activities of DeepNL. 

 

 
Dr Martijn Deenen 

Head Earth Sciences & Astronomy 

 

Dr Niels van den Berg 

Coordinator DeepNL 

 

Cindy Remijnse-Schrader 

Coordinator DeepNL 

 

Dr Eveline Mezger 

Coordinator DeepNL 

 

Avital Lievendag 

Communication officer 

 

Ajita Ramautar 

Programme assistant 
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Overview of DeepNL researchers 
 

 
Ali Amootaghi 

Delft University of Technology 
• PhD student Monitoring and Modeling the Groningen 

Subsurface based on integrated Geodesy and 

Geophysics: improving the space-time dimension 

• WP1: Improvement of geodetic models and parameter 

estimation: InSARdata 
 
 

Udit Asopa 

Delft University of Technology 
• PhD student Monitoring and Modeling the Groningen 

Subsurface based on integrated Geodesy and 

Geophysics: improving the space-time dimension 

• WP5: Advancement of numerical data processing 

techniques 
 
 

Zhuldyzay Baki 

University of Twente 
• PhD student Comprehensive monitoring and prediction 

of seismicity within the Groningen gas field using large 

scale field observations 

• WP5: Application of the monitoring data to stochastic 

decision tools for future production scenarios 
 
 

Dr Auke Barnhoorn 

Delft University of Technology  
• Associate project leader Science4Steer: a scientific 

basis for production and reinjection strategies to 

minimise induced seismicity in Dutch gas fields 

• Associate project leader DeepImage: Multi-scale 

geophysical imaging, monitoring and forecasting of 

induced seismicity 
 
 

Hilmi Bayraktaroglu 

Delft University of Technology 
• PhD student SOFTTOP: Investigating heterogeneous 

soft top soils for wave propagation, cyclic degradation 

and liquefaction potential 

• WP2: Constitutive model for organic clay 
 
 

Ching-Yu Chao 

Delft University of Technology 
• PhD student SOFTTOP: Investigating heterogeneous 

soft top soils for wave propagation, cyclic degradation 

and liquefaction potential 

• WP3: Constitutive model for laminated sand 
 
 

Dr Jianye Chen 

Delft University of Technology/Utrecht University 
• Postdoctoral researcher Science4Steer: a scientific 

basis for production and reinjection strategies to 

minimise induced seismicity in Dutch gas fields 

• WP2: Physical experiments to determine the frictional 

response of faults 

 
 

  
 

 
Thomas Cullison  

Utrecht University 
• PhD student Comprehensive monitoring and prediction 

of seismicity within the Groningen gas field using large 

scale field observations 

• WP3: Generation of Green’s functions for varying 

seismic sources and changes in geometry, stress, and 

elastic structure 
 
 

Dr Mark Dekkers 

Utrecht University 
• Associate project leader Probing the micromechanics 

of small magnitude earthquake slip 
 
 

Hamed Alí Diab Montero 

Delft University of Technology 
• PhD student InFocus: An Integrated Approach to 

Estimating Fault Slip Occurrence 

• WP3: Statistical analysis of seismological data and data 

assimilation experiments 
 
 

Dr Ylona van Dinther 

Utrecht University 
• Associate project leader InFocus: An Integrated 

Approach to Estimating Fault Slip Occurrence 
 
 

Dr Deyan Draganov 

Delft University of Technology  
• Associate project leader DeepImage: Multi-scale 

geophysical imaging, monitoring and forecasting of 

induced seismicity 
 
 

Prof. Martyn Drury  

Utrecht University 
• Associate project leader A multi-scale, multi-physics 

framework for modelling the geomechanical response 

of sandstone reservoirs to pore fluid extraction 
 
 

Eldert Fokker 

Utrecht University 
• PhD student Comprehensive monitoring and prediction 

of seismicity within the Groningen gas field using large 

scale field observations 

• WP4a: Development of neural network tools for 

monitoring time dependent properties using the 

Green’s functions as training data 
 
 

Dr Ranajit Ghose 

Delft University of Technology 
• Associate project leader DeepImage: Multi-scale 

geophysical imaging, monitoring and forecasting of 

induced seismicity 
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Dr José León González Acosta 

Delft University of Technology 
• Postdoctoral researcher SOFTTOP: Investigating 

heterogeneous soft top soils for wave propagation, 

cyclic degradation and liquefaction potential 

• WP1: RFEM analysis framework for heterogeneous soils 
 
 

Mohsen Goudarzi 

Utrecht University 
• PhD student InFocus: An Integrated Approach to 

Estimating Fault Slip Occurrence 

• WP1: Development forward model for seismicity and 

fluid flow in poro-viscoelasto-plastic media 
 
 

Dr Rob Govers 

Utrecht University 
• Associate project leader Monitoring and Modeling the 

Groningen Subsurface based on integrated Geodesy 

and Geophysics: improving the space-time dimension 
 
 

Dr Annika Greve 

Utrecht University 
• Postdoctoral researcher Probing the micromechanics of 

small magnitude earthquake slip 

• WP1: Detecting paleo-temperature anomalies 
 
 

Dr Hadi Hajibeygi 

Delft University of Technology  
• Associate project leader Science4Steer: a scientific 

basis for production and reinjection strategies to 

minimise induced seismicity in Dutch gas fields 
 
 

Dr Suzanne Hangx 

Utrecht University 
• Project leader (PI): A multi-scale, multi-physics 

framework for modelling the geomechanical response 

of sandstone reservoirs to pore fluid extraction 

• Associate project leader Science4Steer: a scientific 

basis for production and reinjection strategies to 

minimise induced seismicity in Dutch gas fields 
 
 

Prof. Ramon Hanssen 

Delft University of Technology  
• Project leader Monitoring and Modeling the Groningen 

Subsurface based on integrated Geodesy and 

Geophysics: improving the space-time dimension 
 
 

Dr Rhys Hawkins 

Utrecht University 
• Postdoctoral researcher Comprehensive monitoring 

and prediction of seismicity within the Groningen gas 

field using large scale field observations 

• WP4b: Development of neural network tools for 

monitoring time dependent properties using the 

Green’s functions as training data 

 

 

 

  
Prof. Michael Hicks 

Delft University of Technology  
• Project leader SOFTTOP: Investigating heterogeneous 

soft top soils for wave propagation, cyclic degradation 

and liquefaction potential 
 
 

Chien-Cheng Hung 

Utrecht University 
• PhD student Probing the micromechanics of small 

magnitude earthquake slip 

• WP2: Weakening and temperature rise during small slip 
 
 

Prof. Jan Dirk Jansen 

Delft University of Technology  
• Project leader Science4Steer: a scientific basis for 

production and reinjection strategies to minimise 

induced seismicity in Dutch gas fields 
 
 

Chayenne Janssen 

Utrecht University 
• PhD student Monitoring and Modeling the Groningen 

Subsurface based on integrated Geodesy and 

Geophysics: improving the space-time dimension 

 • WP3: Improvement of geophysical models at Holocene 

and Pleistocene depths: soils, hydrology and water 

management 
 
 

Dr Mark Jefferd 

Utrecht University 
• Postdoctoral researcher Science4Steer: a scientific 

basis for production and reinjection strategies to 

minimise induced seismicity in Dutch gas fields 

• WP1: Compaction and decompactionbehaviour of 

Rotliegendesreservoirs 
 
 

Prof. Cristina Jommi 

Delft University of Technology  
• Associate project leader SOFTTOP: Investigating 

heterogeneous soft top soils for wave propagation, 

cyclic degradation and liquefaction potential 
 
 

Janneke de Jong 

Utrecht University 
• PhD student Comprehensive monitoring and prediction 

of seismicity within the Groningen gas field using large 

scale field observations 

• WP1: Inference of the 3D structure and redetermination 

of seismic sources within the area using all currently 

available seismic data 
 
 

Muhammad Hamza Khalid 

University of Twente 
• PhD student Comprehensive monitoring and prediction 

of seismicity within the Groningen gas field using large 

scale field observations 

• WP2: Model reduction of the forward and 

adjointproblem within SPECFEM3D, a spectral element 

code used for wave propagation simulations 
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Samantha Kim 

Delft University of Technology 
• PhD student Monitoring and Modeling the Groningen 

Subsurface based on integrated Geodesy and 

Geophysics: improving the space-time dimension 

• WP4: Data assimilation: analysis of model data 

differences to help quantify model uncertainties 
 
 

Dr Helen King  

Utrecht University 
• Associate project leader A multi-scale, multi-physics 

framework for modelling the geomechanical response 

of sandstone reservoirs to pore fluid extraction 
 
 

Dr Mandy Korff 

Delft University of Technology / Deltares 
• Associate project leader SOFTTOP: Investigating 

heterogeneous soft top soils for wave propagation, 

cyclic degradation and liquefaction potential 
 
 

Meng Li 

Utrecht University 
• PhD student InFocus: An Integrated Approach to 

Estimating Fault Slip Occurrence 

• WP2: Application of forward model and laboratory 

experiments to advance physical understanding of 

faults 
 
 

Prof. Marie-Colette van Lieshout 

University of Twente / CWI 
• Associate project leader Comprehensive monitoring 

and prediction of seismicity within the Groningen gas 

field using large scale field observations 
 
 

La Ode Masfara 

Delft University of Technology 
• PhD student DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of induced 

seismicity 

• WP1b: Development of seismic imaging and monitoring 

methodology 
 
 
Dr Hadi Mehranpour 

Utrecht University 
• Postdoctoral researcher A multi-scale, multi-physics 

framework for modelling the geomechanical response 

of sandstone reservoirs to pore fluid extraction 

• WP3: High-resolution FEM modelling of the grain and 

grain contact deformation and implementing grain 

contact interaction laws into existing DEM codes 
 
 

Dr Johannes Miocic 

University of Groningen  
• Tenure track researcher The role of heterogeneity in 

controlling the geomechanical behaviour of sandstone 

reservoirs 
 
 

  
Dr Tanmaya Mishra 

University of Twente  
• Tenure track researcher μFAULT scaling friction from 

micro-contacts to faults at the reservoir scale 
 
 

Dr Marcel Mizera 

Utrecht University 
• Postdoctoral researcher Probing the micromechanics of 

small magnitude earthquake slip 

• WP1: Detecting paleo-temperature anomalies 
 
 

Milad Naderloo 

Delft University of Technology 
• PhD student Science4Steer: a scientific basis for 

production and reinjection strategies to minimise 

induced seismicity in Dutch gas fields 

• WP3: Physical experiments to determine mechanical 

and acoustic properties 
 
 

Dr André Niemeijer 

Utrecht University 
• Project leader Probing the micromechanics of small 

magnitude earthquake slip 

• Associate project leader  InFocus: An Integrated 

Approach to Estimating Fault Slip Occurrence 
 
 

Aleksei Novikov 

Delft University of Technology 
• PhD student Science4Steer: a scientific basis for 

production and reinjection strategies to minimise 

induced seismicity in Dutch gas fields 

• WP4: Model development and upscaling 
 
 

Dr Hanneke Paulssen 

Utrecht University 
• Associate project leader Comprehensive monitoring 

and prediction of seismicity within the Groningen gas 

field using large scale field observations 
 
 

Dr Oliver Plümper 

Utrecht University 
• Associate project leader A multi-scale, multi-physics 

framework for modelling the geomechanical response 

of sandstone reservoirs to pore fluid extraction 
 
 

Jingming Ruan 

Delft University of Technology 
• PhD student DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of induced 

seismicity 

• WP3: Numerical seismic modelling 
 
 

Dr Maja Rücker  

Eindhoven University of Technology 
• Tenure track researcher Making digital rocks a practical 

reality for energy storage within subsurface reservoirs 
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Takahiro Shinohara 

Utrecht University 
• PhD student A multi-scale, multi-physics framework for 

modelling the geomechanical response of sandstone 

reservoirs to pore fluid extraction 

• WP1: Experimental identification of deformation 

mechanisms 
 
 

Faezeh Shirmohammadi  

Delft University of Technology 
• PhD student DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of induced 

seismicity 

• WP1a: Development of seismic imaging and monitoring 

methodology 
 
 

Sara Shokrollahzadeh Behbahani 

Delft University of Technology 
• PhD student Science4Steer: a scientific basis for 

production and reinjection strategies to minimise 

induced seismicity in Dutch gas fields 

• WP5: Model development and numerical experiments 

to assess temporal and spatial changes 
 
 

Dr Kathrin Smetana 

University of Twente 
• Associate project leader Comprehensive monitoring 

and prediction of seismicity within the Groningen gas 

field using large scale field observations 
 
 

Prof. Chris Spiers 

Utrecht University 
• Associate project leader Science4Steer: a scientific 

basis for production and reinjection strategies to 

minimise induced seismicity in Dutch gas fields 
 
 

Dr Esther Stouthamer 

Utrecht University 
• Associate project leader Monitoring and Modeling the 

Groningen Subsurface based on integrated Geodesy 

and Geophysics: improving the space-time dimension 
 
 

Floris Teuling 

Utrecht University 
• PhD student A multi-scale, multi-physics framework for 

modelling the geomechanical response of sandstone 

reservoirs to pore fluid extraction 

• WP2: Microstructural analysis of deformation in natural 

and lab-deformed samples 
 
 

Dr Cedric Thieulot 

Utrecht University 
• Associate project leader A multi-scale, multi-physics 

framework for modelling the geomechanical response 

of sandstone reservoirs to pore fluid extraction 
 
 

  
Prof. Jeannot Trampert 

Utrecht University 
• Project leader Comprehensive monitoring and 

prediction of seismicity within the Groningen gas field 

using large scale field observations 
 
 

Aukje Veltmeijer 

Delft University of Technology  
• PhD student DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of induced 

seismicity 

• WP2: Laboratory experiments: early detection of stress 

changes, failure and seismicity in rocks using acoustic 

techniques 
 
 

Dr Denis Voskov 

Delft University of Technology  
• Associate project leader Science4Steer: a scientific 

basis for production and reinjection strategies to 

minimise induced seismicity in Dutch gas fields 
 
 

Dr Femke Vossepoel 

Delft University of Technology 
• Project leader InFocus: An Integrated Approach to 

Estimating Fault Slip Occurrence. 

• Associate project leader  Monitoring and Modeling the 

Groningen Subsurface based on integrated Geodesy 

and Geophysics: improving the space-time dimension 
 
 

Prof. Kees Wapenaar 

   Delft University of Technology  
• Project leader DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of induced 

seismicity 
 
 

Dr Kees Weemstra 

Delft University of Technology / KNMI 
• Associate project leader DeepImage: Multi-scale 

geophysical imaging, monitoring and forecasting of 

induced seismicity 
 
 

Marius Wouters 

Utrecht University 
• PhD student Monitoring and Modeling the Groningen 

Subsurface based on integrated Geodesy and 

Geophysics: improving the space-time dimension 

• WP2: Improvement of geophysical models at sub-

Holocene depths: reservoir and overburden 
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List of abbreviations 

AGU American Geophysical Union 

BRO Basisregistratie Ondergrond 

CWI Centrum voor Wiskunde en Informatica 

DAPwell Geothermal Well Doublet for Research and Heat Supply 

of the TU Delft Campus 

EGU European Geosciences Union 

HPC high-performance computing  

HPT High pressure-temperature 

IMG Instituut Mijnbouwschade Groningen 

InSAR Interferometric synthetic aperture radar 

KEM Knowledge programme Effects of Mining 

KNMI Royal Netherlands Meteorological Institute 

NAC Netherlands Earth Sciences Congress 

NAM Nederlandse Aardolie Maatschappij 

NARS Mobile seismic network operated by the seismology 

group of the Faculty of Geosciences, Utrecht University 

NCG Nationaal Coördinator Groningen 

NWO Dutch Research Council 

PPP public-private partnership 

PSHRA Probabilistic Seismic Hazard and Risk Analysis  

RUG  University of Groningen 

RVO Netherlands Enterprise Agency 

THMC Thermo-Hydro-Mechanical-Chemical  

TNO Netherlands Organisation for applied scientific research 

TUD Delft University of Technology 

TUE Eindhoven University of Technology 

UT University of Twente 

UU Utrecht University
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Dutch Research Council (NWO) 
Domain Science (ENW) 
 
PO Box 93460 
2509 AL The Hague 
The Netherlands 
E: deepnl@nwo.nl 
W: www.nwo.nl/deepnl 
 
Visiting address: 
Laan van Nieuw Oost-Indië 300 
The Hague 
The Netherlands 
 
Dr Niels van den Berg 
T: +31 (0)70 349 44 05 
 
Cindy Remijnse-Schrader 
T: +31 (0)70 349 42 91 
 
Dr Eveline Mezger 
T: +31 (0)70 349 42 06 
 
April 2021 
 
 
The aim of the research programme DeepNL  
is to contribute to a better understanding of  
how the deep subsurface behaves under the 
influence of human interventions. In addition,  
the programme aims to strengthen and integrate 
the research community in the Netherlands 
around this theme. 
 
www.nwo.nl/deepnl 

http://www.nwo.nl/deepnl 




Dutch Research Council (NWO) 
Domain Science (ENW) 

NWO Den Haag 
Laan van Nieuw Oost-Indië 300 
The Hague 
 
PO Box 93460 
2509 AL The Hague 
The Netherlands 
 
deepnl@nwo.nl 
www.nwo.nl/deepnl
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