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Cover image: An electron micrscopy image of Slochteren sandstone from 

the Groningen gas field in the Netherlands. From left to right, the image 

covers about half a millimeter of sandstone. The Slochteren sandstone is 

the gas bearing reservoir of the field, where the gas is contained in the pores 

(black in this image), that is: the space between the sand grains. Several 

sand grains are shown, each covered with rims of clay. In part, the clay 

occurs within grain-to-grain contacts and therefore contributes to the total 

strength of the sandstone when it is compressed, as is the case during gas 

production. The image was taken by Dr. B.A. Verberne.
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The NWO research programme DeepNL was 

launched as an active programme in a kick-off 

meeting on February 7, 2019. During the course  

of the year, the eight funded research projects 

were in the starting phase. This phase included, 

amongst other things, the selection of the 23  

new PhD candidates, 9 postdoc researchers and 

several technical staff. 
 

DeepNL aims at providing fundamental contributions to the 

understanding of processes in the subsurface of the 

Netherlands resulting from human activities, such as gas 

extraction, geothermal energy production, CO2 injection, 

salt mining and other geological storage and mining activ-

ities. In its first years, DeepNL focuses on new and 

advanced understanding of the effects of gas extraction in 

Groningen. Seismicity and subsidence are part of the 

dynamic processes to be investigated. Four out of the eight 

DeepNL projects address physical aspects of the subsur-

face pertinent to the occurrence of earthquakes. Two 

projects study the relation between processes in the deep 

and shallow subsurface, on the one hand, and the deforma-

tion at the surface, on the other hand. Two others aim at 

monitoring changes in physical conditions (e.g., in stress 

field) crucial for the triggering of earthquakes, with the ulti-

mate goal of improving the forecasting of earthquakes. 

 

In the first annual DeepNL scientific meeting in November 

2019, special attention was given to identifying possibilities 

for collaboration and interaction at interfaces between the 

projects, with the aim to integrate and optimize results. This 

topic will continue to receive attention throughout the 

coming years. 

 

DeepNL in a broader context  

In 2019 the programme committee started to explore 

several aspects pertinent to the development of the 

DeepNL programme at large and to elaborate on these. Like 

virtually every new research programme, DeepNL builds on 

earlier national and international research and positions 

itself to other active research programmes addressing the 

same topic or closely related topics. Sofar, earlier research 

results concern the multiscale characterisation of the Dutch 

subsurface and the - largely – broad qualitative under-

standing of the complex processes responsible for effects 

resulting from human subsurface activities, such as surface 

subsidence and seismicity. Because quantitative process-

related understanding is very limited, a major step should be 

made from (static) structure to quantitative insight in 

dynamic processes; in short, a step from structure to 

dynamics. 

 

In this light, DeepNL can be envisaged as a programme 

contributing to the design of a new engine, which will trans-

form a static structure into a dynamic vehicle. The first eight 

projects selected in 2018 can be perceived as aiming at 

designing a set of new parts of this dynamic engine. 

Naturally, these parts should interact, not only internally 

within the set, but also externally.  As such, the results of 

DeepNL research should be integrated with information and 

knowledge already available (within TNO, or possibly from 

industry) or being developed in parallel programmes. Only in 

this integrated format, DeepNL’s scientific advances in 

fundamental understanding will contribute to novel or 

improved capabilities in practical applications. Therefore, 

coupling DeepNL with related research, albeit of a different 

focus, such as carried out in TNO, KNMI (Seismological 

Research) or the Knowledge Programme on Effects of 

Mining (KEM) of the Ministry of Economic Affairs and 

Climate (EZK), is paramount and fostered by the DeepNL 

programme committee.  

 

Future  

The current plans of the Ministry of Economic Affairs and 

Climate encompass the termination of gas extraction in the 

Groningen gas fields much earlier than envisaged at the 

launching of DeepNL programme. What are the implications 

of this decision for the future of DeepNL? In addressing  

this question, we note the following. Firstly, effects of gas 
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extraction will not exactly follow the extraction reduction 

scheme in time, and are expected to continue to arise for  

an - as yet - unknown number of years after closure of the 

fields. Secondly, for other (and new) mining or injection 

activities the need for advances in understanding the 

processes in the subsurface will be great; geothermal 

energy production is a major topic in this respect. This 

implies that also after termination of gas extraction in 

Groningen the relevance and urgency of integrated 

research concerning physical and chemical processes in 

the subsurface will remain high. Furthermore, the extensive 

data sets available for the Groningen subsurface allow for 

detailed investigations. Advances made and insight gained 

in DeepNL’s studies focusing on Groningen will contribute 

to building a more general knowledge base, required for the 

capability to promptly and adequately address future and 

yet unknown issues concerning processes in the broader 

Dutch subsurface.  

  

In this context, a major step forward would be made if in 

planning future human activities in the subsurface, proper 

attention would be given to reconnaissance research and 

building insight prior and parallel to starting activities in the 

subsurface, instead of unprepared engagement in activities 

and trying to solve unforeseen problems afterwards. 

Implementing such a new strategy would show that a key 

lesson taught by the societal consequences of gas extrac-

tion in Groningen has been learned.  

 

In this spirit, this year 2020 will see the further development 

of the DeepNL programme, first with establishing a number 

of tenure track-positions at Dutch universities and 

subsequently with a new call for proposals for small 

research projects. Together these two calls are aimed at 

increasing the continuity of the research on the under-

standing of the subsurface, broadening the DeepNL 

network and addressing knowledge gaps. In the meantime, 

the programme committee wishes the enthusiastic new 

DeepNL researchers and their supervisors much success 

and looks forward to DeepNL’s first findings and results. 
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Prof. Rinus Wortel,  
chair programme committee DeepNL



The DeepNL programme falls under de responsi-

bility 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 appoint-

ment of committees. The organisation structure 

of DeepNL is shown in figure below.  

 

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 inter-

national advisory committee will be appointed for 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 insti-

tutions 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. More informa-

tion on the organisation and the involved persons can be 

found in appendix 1. 
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2019 was characterized as a start-up year for 

most DeepNL projects with the recruitment and 

appointment of 23 PhD candidates and 9 

postdoc researchers. Some projects had their 

internal kick-off meetings and most researchers 

commenced research activities within their 

respective work packages. There were several 

meetings and conferences where the DeepNL 

researchers came together to discuss amongst 

themselves, interact with a wider network or 

present their research.  

 

7 February 

DeepNL Kick-off meeting  

With the kick-off meeting DeepNL was launched as an 

active programme. About 70 researchers and represen-

tatives from the public and private sector came together at 

the Stadsschouwburg Utrecht. The chair of the programme 

committee, Rinus Wortel, opened the meeting and empha-

sised the importance of coherence within the programme. 

The project leaders of the first eight DeepNL projects pres-

ented their research plans. Ipo Ritsema gave a presentation 

on the Knowledge Programme Effects of Mining (KEM), 

highlighting the possible links between the DeepNL 

projects and the various KEM projects. The ultimate goal is 

to integrate the application-focused knowledge from the 

KEM projects and the more fundamental knowledge from 

DeepNL into mining policy and the instruments and models 

that support this. To conclude, NWO explained the future 

plans and funding possibilities within DeepNL. After the 

plenary session, the project leaders and the programme 

committee convened to realise operational alignment 

between the projects. Issues such as the possibilities for 

data management through the European Plate Observing 

System (EPOS) were discussed.   

 

14-15 March 

NAC 2019  

Many DeepNL researchers were present at the annual 

Netherlands Earth Sciences Congress (NAC). The confer-

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

was organized by NWO. With more than 400 registrations, 

the conference was a huge success. On day two the 

´Subsurface Processes Associated with Mining in the 

Netherlands’ sessions were convened by Dr Suzanne Hangx 

and KEM secretary Ipo Ritsema. Among others, Prof. Kees 

Wapenaar presented his work on virtual seismology and 

Prof. Martyn Drury spoke about the EPOS-NL research 

infrastructure.  

 

 

 

 

3-4 July 

GeoProc 2019  

The 7th International Conference on Coupled THMC 

Processes: Earthquake and Faulting mechanics 

(GeoProc2019) was held in Utrecht. The conference  

focuses on fault and earthquake mechanics, relevant to 

tectonically active faults and to fault motion induced by 

human activities (i.e. geoenergy production and storage).  

It was chaired by Prof. Chris Spiers and locally organized  

by the DeepNL researchers Dr Jianye Chen, Dr Suzanne 

Hangx and Dr André Niemeijer. DeepNL was one of the 

sponsors of the conference. 
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GeoProc2019 attendees, courtesy of Dr André Niemeijer.



8-12 September 

NSG 2019  

The Near Surface Geoscience Conference and Exhibition 

was held in The Hague under the umbrella of the European 

Association of Geoscientists (EAGE). A large number of 

professionals from academia and industry came together to 

exchange knowledge and the recent developments on near-

surface geosciences, on breakthroughs in geophysical 

exploration, assessment of geothermal energy and under-

ground storage of renewable energy, and on geophysics 

applied to underground infrastructure projects. DeepNL 

researchers Dr Ranajit Ghose, Dr Deyan Draganov and Dr 

Elmer Ruigrok were part of the local organizing committee. 
 
15 November 

DeepNL Scientific Meeting  

The first annual scientific meeting of DeepNL was  focuses 

on discussing the interfaces between the different projects 

and creating a shared vision on the coherence and on how 

the overall goals of the programme can be achieved. Fifty 

researchers from the eight DeepNL research projects 

attended. External keynote speakers Clemens Visser (NAM), 

Thibault Candela (TNO/UCSC) and Sander Osinga (TNO) 

set the stage with presentations on the geology of the 

Groningen field, a physics-based modelling approach for 

induced seismicity and a seismic hazard and risk assess-

ment model train. The afternoon left ample time for 

discussions on what each project will contribute, how 

projects should interact to reach optimal impact and to 

identify knowledge gaps. The meeting was also successful 

in allowing the new PhD and postdoc researchers to get to 

know one another. 

20 December:  

Publication DeepNL Tenure Track call  

Within the DeepNL Tenure Track call it is possible to request 

funding for a personal grant for a tenure track position and 

accompanying research project. The aim is to increase the 

continuity of fundamental research on the subsurface 

dynamics caused by human activities. Talented researchers 

are offered a chance of structural embedding in a Dutch 

research institute through a tenure track position and the 

development of a research line within the DeepNL topics. 

The proposal must contribute to the goals and intended 

results of the programme and have added value compared 

to the existing projects within DeepNL. The deadline for 

submitting a proposal is before 2 June 2020, 14.00 h CE(S)T. 

 

 

Continuous activities DeepNL Programme  
Committee and Programme office  

During the course of 2019 the DeepNL Programme 

Committee had 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 scientific meeting and the plans 

and outline for the next call for proposals. For the prepara-

tion of the Tenure Track call the chair Prof. Rinus Wortel, 

accompanied by a NWO programme secretary, convened 

with deans of six universities (VU, UU, RUG, TUD, TU/e and 

UT) to explore the interest for and suitability of the call. 

 

There were several interactions between the Programme 

Committee and KEM. Prof. Rinus Wortel was invited for 

discussions with the KEM expert panel, and the committee 

provided feedback on the report ‘Towards a national 

research agenda and risk toolbox for mining effects in  

The Netherlands’ that was commissioned by KEM and 

written by TNO-Deltares-KNMI. The secretaries of the 

DeepNL and KEM 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 and Dr Niels van den Berg took on the role of Dutch 

representative in the General Assembly of the EPOS ERIC, 

the European Research Infrastructure on Solid Earth.  
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Fifty DeepNL researchers came together for their first annual 
Scientific Meeting. 



Overview 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 overview on the following page provides the most 

important characteristics of each project. The project leader 

is stated in bold letters, followed by the associate project 

leaders (see appendix 7.2 for a profile photo of each project 

leader). In the following subchapters each project provides 

a summary of their status and progress and an introduction 

to the appointed PhD students and postdoc researchers. 
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DEEPNL RESEARCH PROJECTS

Monitoring conditions

6 
PhDs    

1 
Postdoc

Hicks et al. Hanssen et al.

Cluster 3: Surface effects of seismicity, subsidence

8 
PhDs

7
Postdoc

9 
PhDs

1 
Postdoc

Jansen et al. Vossepoel et al.

Niemeijer et al. Hangx et al.

Cluster 1: Analysis of processes and conditions
leading to seismicity and subsidence 

Trampert et al. Wapenaar et al.

Cluster 2: Monitoring conditions and
forecasting effects  

Forecasting effects
Forecasting aspects
of seismic activity
Testing models
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Cluster 1: Analysis of processes and conditions 
that lead to seismicity and subsidence 
 

• A multiscale, multi-physics framework for modelling 

the geomechanical response of sandstone reservoirs 

to pore fluid extraction 

Dr Suzanne Hangx (UU)  

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

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

Budget: € 915,331 

Personnel: 2 PhDs + 1 postdoc 

 

• Science4Steer: a scientific basis for production and 

reinjection strategies to minimise induced seismicity  

in Dutch gas fields 

Prof. Jan Dirk Jansen (TUD) 

Prof. Chris Spiers (UU); Dr Auke Barnhoorn (TUD);  

Dr Hadi Hajibeygi (TUD); Dr Suzanne Hangx (UU);  

Dr Denis Voskov (TUD) 

Budget: € 1,451,531  

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

personnel 

 

• Probing the micromechanics of small magnitude  

earthquake slip 

Dr André Niemeijer (UU) 

Dr Mark Dekkers (UU) 

Budget: € 725,576  

Personnel: 1 PhD + 2 postdocs 

 

• InFocus: An Integrated Approach to Estimating Fault 

Slip Occurrence  

Dr Femke Vossepoel (TUD) 

Dr Ylona van Dinther (UU); Dr André Niemeijer (UU) 

Budget: € 818,831  

Personnel: 2 PhDs + 1 postdoc 

 

 

Cluster 2: Monitoring of seismicity-related 
conditions and predicting seismicity  
 

• Comprehensive monitoring and prediction of  

seismicity within the Groningen gas field using  

large-scale field observations 

Prof. Jeannot Trampert (UU) 

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

Prof. Marie-Colette van Lieshout (UT / CWI) 

Budget: € 1,590.670  

Personnel: 5 PhDs + 1 postdoc 

 

• DeepImage: Multi-scale geophysical imaging,  

monitoring and forecasting of induced seismicity 

Prof. Kees Wapenaar (TUD) 

Dr Devan Draganov (TUD); Dr Auke Barnhoorn (TUD);  

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

Budget: € 1,053,152  

Personnel: 4 PhDs 

 

 

Cluster 3: Surface effects of seismicity and soil 
subsidence 
 
• Monitoring and Modelling the Groningen Subsurface 

based on integrated Geodesy and Geophysics: 

improving the space-time dimension 

Prof. Ramon Hanssen (TUD) 

Dr Femke Vossepoel (TUD); Dr Esther Stouthamer (UU); 

Dr Rob Govers (UU) 

Budget: € 1,233,808  

Personnel: 4 PhDs + 1 non-scientific personnel 

 

• SOFTTOP: Investigating heterogeneous soft top soils 

for wave propagation, cyclic degradation and liquefac-

tion potential 

Prof. Michael Hicks (TUD) 

Prof. Cristina Jommi (TUD);  

Dr Mandy Korff (TUD/Deltares) 

Budget: € 1,042,454 

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

personnel 

 

 



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

 
Project leaders: Dr Suzanne Hangx (UU),  

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

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

 

 

Fluid extraction from subsurface reservoir rocks frequently 

results in surface subsidence and induced seismicity. The 

cause lies in reservoir compaction, driven by the increase 

in effective overburden stress due to decreasing reservoir 

fluid pressure. While elastic compaction can be modelled, 

no physics-based models exist to predict inelastic reser-

voir compaction under in-situ conditions. We will identify 

and quantify the grain-scale deformation mechanism(s) 

causing inelastic deformation of sandstones, through 

experiments (Aim 1a) and microstructural analyses (Aim 1b). 

Grain contact stresses, driving deformation, and elastic 

strain distributions will be quantified through finite element 

modelling (FEM) of stressed grain assemblages (Aim 2). 

Through Aims 1 and 2, grain-scale interaction laws can be 

defined (Aim 3) and implemented into discrete element 

methods (DEM) models (Aim 4), allowing us to describe 

deformation at the cm/dm-scale, to be used for upscaling 

to the reservoir-scale. PhD students Floris Teuling (July 

2019) and Takahiro Shinohara (October 2019) are 

appointed to identify and quantify the grain-scale deforma-

tion mechanisms. In February 2020, they will be joined by 

post-doc Dr. Hadi Mehranpour, who will implement the 

grain-scale interaction laws into DEM. 

 

Previous work on Slochteren sandstone (Groningen gas 

field) has shown that thin intergranular clay layers play an 

important role in controlling inelastic reservoir compaction 

during production. In the coming months, PhD Teuling will 

set up a series of nanoscale experiments studying the 

effect of clay-films on time-dependent processes, such as 

stress-driven dissolution-precipitation, which potentially 

could lead to ongoing reservoir compaction after produc-

tion has ceased. Though studies have shown that 

phyllosilicates electro-chemically enhance grain dissol-

ution under atmospheric conditions, no measurements 

have been performed under in-situ reservoir stress 

conditions and grain boundary fluid film behaviour is 

unknown. As a first step towards these experiments, Floris 

is currently performing molecular dynamics (MD) simula-

tions aimed at understanding the behaviour of water in 

different grain boundaries (e.g. clay-quartz, quartz-quartz). 

Initial results suggest that under stress, fluid film thick-

nesses are reduced to less than a nanometre, though 

multiple adsorbed layers of water remain, consistent with 

reported grain boundary fluid film properties. The ongoing 

work will aid in constraining the influence of grain contact 

mineralogy on fluid film thickness, self-diffusion and the 

dynamics of water layer removal, which is needed to under-

stand the effect of intergranular clay on mass transfer in 

porous sandstone. 

 

Additional triaxial experiments to study the time-

dependent behaviour of sandstone are currently being set 

up by PhD Shinohara, to be performed in the coming 

months. In order to be able to relate the mechanisms 

observed in the nanoscale and lab-scale experiments to 

stress, Taka is also performing FEM simulations to assess 

grain-scale stress distribution and deformation rate in 2D 

grain aggregates. These aggregates consist of quartz, feld-

spar and/or intergranular clay, with porosities in the range 

10-25%, simulating a wide range of sandstones relevant to 

the Groningen and other gas fields. The simulations 

showed significant stress concentrations at contact edges, 

which increased in magnitude with increasing porosity. 

Intergranular clay rims, with a thickness of up to 0.5% of 

the grain diameter, significantly reduced stress concentra-

tions in quartz-quartz contacts. A more extensive zone of 

tensile stress was observed within feldspar grains, 

compared to quartz grains. The results suggest that 

composition plays an important role in controlling the 

grain-contact and -volume stress-strain behaviour, which 

could lead to over/underestimation of the magnitude of 
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local stress, hence the driving force for grain-scale 

deformation, if not adequately accounted for. As the simu-

lations develop further, more realistic grain boundary 

structures and other processes, such as grain fracturing, 

will be incorporated. 
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Cathode-luminescence (CL; 600-950 nm infrared light spectrum - 
left) and Scanning Electron Microscopy (SEM - right) images of the 
same quartz contact with intergranular clay (courtesy of Floris 
Teuling). Using CL, combined with SEM, potentially enables us to 
identify precipitation of secondary quartz cement, indicative of 
pressure solution, as well as areas of higher dislocation densities, 
which may be indicative of elevated stresses.  
B) Stress distribution within an assembly of quartz grains with 
intergranular clay (left) and an assembly of quartz and feldspar grains 
(right), obtained through high resolution 2D FEM (1% volumetric 
strain, grain size of 200 µm – courtesy of Takahiro Shinohara).

WP1: Experimental identification of 
deformation mechanisms 
 

Supervision by Dr Suzanne Hangx (UU)  

and Prof. Chris Spiers (UU) 
 

Takahiro Shinohara  
PhD student (UU) 
 

Born and raised in Japan, I obtained my 

Bachelor and Master degree at Tohoku 

University, Japan. My research focused on 

Tsunami sedimentology and rock mechanics. During my MSc,  

I spent one year at Pennsylvania State University. My PhD 

research is aimed at identifying the grain-contact scale 

deformation mechanisms operating in porous sandstone. I will 

relate these mechanisms to grain (contact)-scale stress 

distribution and deformation rate, to derive constitutive laws 

describing sandstone compaction. These laws will provide input 

for Discrete Element Method models, upscaling the grain-scale 

behaviour to the cm/dm-scale, to be conducted within another 

part of our project. My work consists of experimental work and 

Finite Element modelling. Preliminary modelling results suggest 

that sandstone mineralogy plays an important role in control-

ling the grain-contact and -volume stress-strain behaviour. This 

could lead to over/underestimation of the magnitude of local 

stress, hence the driving force for grain-scale deformation, if not 

adequately accounted for.

WP2: Microstructural analysis of deformation 
in natural and lab-deformed samples 
 
Supervision by Dr Helen King (UU),  

Prof. Martyn Drury (UU) and Dr Oliver Plümper (UU) 
 

Floris Teuling  
PhD student (UU) 
 

Intergranular clay layers within grain 

contacts play a key role in controlling 

inelastic sandstone compaction of reservoirs 

during production. To identify and quantify the deformation 

mechanisms active in these contacts, and understand the role 

clay plays, I will characterize grain contacts from drill core 

samples through microstructural analysis, building on the 

experience I have gained as a bachelor and master student at 

Utrecht University. Nanoscale experiments at in-situ reservoir 

conditions will be devised to study the effects of clay layers on 

time-dependent creep processes, to constrain its influence on 

compaction and explore the potential for post-production 

deformation. In addition, I apply molecular dynamics simula-

tions to different grain contacts of clay and quartz to 

understand stressed fluid film behaviour, which is a critical and 

often unavailable piece of information for the interpretation 

experimental and microstructural data. Resulting microphysical 

grain contact deformation laws would then open the door for 

upscaling to the reservoir dimensions.
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WP3: High-resolution FEM modelling of the 
grain and grain contact deformation and 
implementing grain contact interaction laws 
into existing DEM codes 
 

Supervision by Dr Suzanne Hangx (UU)  

and Dr Cedric Thieulot (UU) 
 

 
Hadi Mehranpour  
Postdoc (UU) 
 

In 2018 I started my research on granular 

media compaction behaviour at High 

Pressure and Temperature Laboratory of Utrecht University as a 

postdoc researcher, after graduating from the University of 

Arizona in Geological Engineering PhD program. During my 

higher education which was started in 2005 after enrolment in 

an undergraduate program at faculty of engineering of 

University of Tehran, I have involved in several projects in 

geomechanics and geoengineering, such as sandstone 

compaction behaviour, time-dependent behaviour of soft rocks, 

rock mass failure criteria, rock joint behaviour, etc. In 2020, I 

joined DeepNL program to work on an advanced numerical 

approach to upscale sandstone deformation behaviour from 

laboratory scale to field scale based on grain scale physical 

and chemical processes controlling sandstone deformation 

behaviour.



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

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) 

 

Science4Steer aims to develop a body of new scientific 

knowledge that will support the construction of model-

based, data-informed operational systems aimed at 

forecasting and managing induced seismicity, such as for 

the Groningen gas reservoir. We will quantify material prop-

erties and constitutive relationships under stress reversal, 

gain in-depth understanding of coupled flow and geomech-

anical dynamic response of gas reservoirs at a variety of 

spatial and temporal scales, and use system-theoretical 

concepts to develop methods for robust control of induced 

seismicity under geological and parameter uncertainty. This 

will be achieved through experimental characterization of 

the mechanical and acoustic behaviour of the intact reser-

voir, as well as faults within the reservoir and the caprock, 

under (multiple) stress reversals. This will be the basis to 

develop modelling capabilities for laboratory-scale compac-

tion/friction experiments and scaling relationships for (near-) 

fault reservoir response at simulation-cell scale. 

Furthermore, we will assess and quantify the effects of 

temporal and spatial changes in pore pressure on seismic 

events at the field-scale, as well as the controllability of 

pressure and deformation states through manipulating 

injection/production rates. Ultimately, this should aid in the 

development of methods for robust optimal control of oper-

ational variables to minimize induced seismicity. 

 

Within WP1, on the behaviour of the reservoir, post-doc Dr. 

Mark Jefferd will start  performing experiments to determine 

the impact of cyclic loading on deformation, starting mid-

February. 

 

In WP 2, on the frictional response of faults, post-doc  

Dr. Jianye Chen performed rotary shear experiments on 

simulated calcite and quartz gouges to understand how 

normal stress fluctuations (step, pulse or oscillation) trigger 

(lab-) earthquakes. Preliminary observations suggest that a 

fast drop (step) in normal stress causes instability, while 

normal stress oscillations cause (dynamic) weakening and 

instability. Furthermore, oscillating normal stress leads to 

more relaxation during periods of no slip and a higher 

strength upon re-shearing (i.e. larger lab-earthquakes). 
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WP 1: Lab-scale
compaction experiments

WP 2: Lab-scale
friction experiments

WP 3: Lab-scale
friction and seismicity experiments

WP 4: Model development
and upscaling

WP 5: Multi-scale simulation of
multi-well/fault reservoir segments

WP 6: Optimal control to 
minimize seismicity

Increasing spatial scale

Relations between the different workpackages



14    DeepNL - Annual report II – 2019

In WP 3 Milad Naderloo started his PhD project in 

September 2019. Activities project have mainly centred 

around setting up and performing the first tests of our newly 

acquired passive acoustic monitoring system. Passive 

acoustic sensors record the earthquakes in the rock sample 

while the rock is stressed. The analyses of the evolution of 

the number and amplitude of the lab earthquakes can be 

linked to earthquake patterns observed in e.g. Groningen. 

Our initial efforts have  focuses on getting to know our 

passive acoustic monitoring system, as well as testing 

different sensors and modifying certain parts of our experi-

mental set-up and protocols. Our first experiments on load 

cycling and seismicity show promising results. In the experi-

ments where the material is brought immediately to failure 

we see the standard pattern of seismicity (in the beginning 

only a few and low magnitude events, accelerating signifi-

cantly in number and magnitude close to failure of the 

sample). In the load cycling experiments we see a few high 

magnitude events at quite low stress levels in loading 

cycles that are preceded by a previous high stress loading 

cycles.  

 

In WP 4 PhD student Alexei Novikov just started in January 

2020 and is familiarizing himself with the relevant literature 

and the simulation software environment in our group. As a 

small starting project he developed a generic multi-point 

flux routine to be used for flow and stress in poro-mech-

anical simulation. 

 

In WP 5 PhD student Sara Shokrollahzadeh Behbahani 

started in September 2019, but as of November 2019 she 

took maternity leave as agreed beforehand. She expects to 

be back end of February 2020. During the first 2 months, 

she familiarized herself with relevant literature of the multi-

scale poromechanics simulation framework developed in 

our group. As a starting exercise, she developed a prototype 

routine for elastic simulation of heterogeneous reservoirs 

and pressure simulation in faulted/fractured reservoirs. WP 

6  focuses on system-theoretical aspects and the devel-

opment of control strategies and is planned to start in 2021.  

 

 

WP1: Compaction and decompaction 
behaviour of Rotliegendes reservoirs 
 

Supervision by Dr Suzanne Hangx (UU) 

 
 

Dr Mark Jefferd  
Postdoc (UU) 
 

My postdoctoral research project will 

predominately be focusing on the impact 

of cyclic effective stress on the accumula-

tion of elastic and permanent strain within the Groningen gas 

field. Cyclic stress conditions can arise within the reservoir as a 

result of varying rates of production, or through the re-injection 

of different fluids. This project is primarily experimentally based 

and will initially comprise of imposing pore pressure cycles on 

samples of Rotliegend sandstone, while under in-situ reservoir 

pressures and temperature conditions. Different rates of pore 

pressure cyclicity will be used and the corresponding amounts 

of inelastic and permanent strain will be measured to determine 

the rate-effect of pore pressure cyclicity on sandstone compac-

tion. Prior to starting my position at Utrecht University, I recently 

completed my PhD at UCL (UK) which was titled, ‘Sandstone 

Deformation under Crustal Hydrothermal Conditions’ and 

explored the effect of elevated temperature on time-dependent 

sandstone compaction.

WP2: Physical experiments to determine the 
frictional response of faults 
 
Supervision by Prof. Chris Spiers (UU) 

 
 

Dr Jianye Chen 
Postdoc (TUD) 
 

I got my PhD at Utrecht University in 

2015 and continued as a post-doc at 

Utrecht and now at Delft. The main theme 

throughout my research is understanding the rupture nucle-

ation and propagation processes associated with (induced) 

small and large earthquakes, by performing laboratory friction 

and fluid-flow experiments. Seismic event locations in the 

Groningen field have shown that production-induced earth-

quakes occur on faults within the reservoir interval. Fluctuations 

and reversals in reservoir pore pressure, resulting from time-

varying operations, will inevitably result in cyclic changes and 

reversals in both shear stress and effective normal stress 

components acting across faults. In the Science4Steer project, 

to provide crucial data missing from previous studies, I will 

perform new, multi-scale gouge-shearing experiments, in part 

at in-situ conditions, to determine how stress-variations affects 

frictional instability of a gouge-filled fault, and I will develop a 

physics-based model for fault friction under variable stress 

conditions.
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WP3: Physical experiments to determine 
mechanical and acoustic properties 
 

Supervision by Dr Auke Barnhoorn (TUD) 

 
 

Milad Naderloo 
PhD student (TUD) 
 

I am a new PhD student for the DeepNL 

project Science4Steer at TU Delft.  

I graduated from the University of Tehran in 

Iran, with an MSc degree in Rock Mechanics engineering. 

Furthermore, I have a BSc degree in Mining Engineering from  

The University of Tehran. My master dissertation was about using 

acoustic emission and a numerical method to introduce a new 

classification for the failure process of an intact and pre-cracked 

rock-like material. My DeepNL research has as a topic the investi-

gation of the evolution in acoustic, mechanical and seismicity 

properties due to the cycling of stress/fluid pressure in Groningen 

reservoir rocks. In the first step, we study the effect of the 

different fluid injection rates on acoustic and mechanical proper-

ties through the experiments on small-scale samples including 

samples with a pre-existing fracture. Eventually, we will carry out 

large-scale laboratory experiments (30 cm cube reservoir sand-

stone) simulating differential depletion, slip, and microseismicity 

across a saw-cut fault zone to determine the change in micro-

seismicity pattern during depletion. 

WP4: Model development and upscaling 
 
 
Supervision by Dr Denis Voskov (TUD) 
 

 
Aleksei Novikov   
PhD student (TUD) 
 

I got a bachelor degree in Applied 

Physics and Mathematics and master 

degree in Petroleum Engineering in Moscow 

Institute of Physics and Technology. Bachelor’s research was 

about numerical methods for elastic waves propagation in 

composites. Master thesis was devoted to the modelling of 

non-isothermal well inflow and coupled temperature and 

pressure transient analysis of the results of well tests. I worked 

4 years as a Software Developer in Exploration and Production 

Software branch of Emerson where I carried research on near-

well simulation, the modelling of matrix acidizing and flow in 

stochastic porous media. My current research is dedicated to 

numerical methods in geomechanics, coupled flow and poro-

mechanical simulation. This work is aimed to provide the basis 

for the multiscale simulation of induced seismicity, interpre-

tation and upscaling of experimental measurements.

WP5: Model development and numerical 
experiments to assess temporal and spatial 
changes 
 
Supervision by Dr Hadi Hajibeygi (TUD)  

 
Sara Shokrollahzadeh Behbahani  
PhD student (TUD) 
 

I am Sara Behbahani, a member of the 

DeepNL team. My academic degrees are 

in petroleum engineering (BSC Petroleum 

University of Technology and MSC Amirkabir University of 

Technology in Iran). I worked for the industry for over 4 years 

before joining TU Delft. During BSC, I worked on improved 

hydrocarbon recovery via interfacial tension alteration. My MSC 

thesis was determining fracture porosity of fractured media.  

My project is on numerical simulation of induced seismicity due 

to gas extraction. This deals with the development of numerical 

methods for faulted geological formations under pore-pressure 

fluctuations. So far I have evaluated the requirements in terms 

of poromechanics for modeling poroelastic formations and 

developed simulators for modeling flow in faulted media 

without mechanical deformation, and for mechanical deforma-

tion without flow. I’m looking forward to the next step which will 

be to combine both mechanics and flow to numerically model  

a poroelastic system. 

WP6: Numerical experiments to investigate 
system-theoretical aspects and develop 
control strategies 
 
 
Supervision by Prof. Jan Dirk Jansen (TUD) 
 

This Postdoc position will be filled in year 3-4 of  

the project.



Probing the micromechanics of small 
magnitude earthquake slip 
 

Project leaders: Dr André Niemeijer (UU) and  

Dr Mark Dekkers (UU) 

 

Fast earthquake slip generates heat through friction which 

can transiently increase the local temperature. It is unclear 

how much temperature can rise during small magnitude 

earthquakes such as those occurring in Groningen. We aim 

to determine temperature rise and associated weakening in 

small earthquakes through laboratory experiments and 

novel paleothermometer based on magnetic measurements 

in samples from ancient faults currently exposed at the 

surface. An alternative method for determining temperature 

and temperature anomalies in carbonate-bearing fault rocks 

is currently being explored.  

 

The permanent staff involved in this project consists of 

Andre Niemeijer (P.I., experimental rock and fault mech-

anics), Mark Dekkers (co-P.I., paleomagnetism), Lennart de 

Groot (co-P.I., paleomagnetism), Amir Raoof (co-P.I., hydro-

logy). One PhD student (Chien-Cheng Hung) started 

01-08-2019, a 2-year (possible extension to 3) post-doctoral 

researcher (PD, Annika Greve) started on 01-10-2019 and a 

6-month PD (Marcel Mizera) started on 01-11-2019. The 

experimental facilities of the HPT laboratory moved during 

the summer of 2019 and are now in the process of being 

reassembled. First experiments by the PhD student are 

planned in early February and additional short pulse high 

velocity experiments using SHIVA in Rome are planned for 

March. In the meantime, a Discrete Element Method model 

was developed by Chien-Cheng which is capable of repro-

ducing published data and which will be used to investigate 

the influence of contact heating on local fluid pressure and 

flow. The paleomagnetic laboratory is being renovated, 

including the construction of a dedicated room for the QDM 

apparatus which will be used to measure magnetic proper-

ties on the microscale. Carbonate-bearing samples from an 

exhumed fault zone from New Zealand have been prepared 

for microstructural and isotopic analysis. Initial analysis indi-

cate that the fault zone deformed plastically at a low 

temperature, without any indication for temperature 

anomalies that might be associated with shear heating. 

However, further detailed analyses are underway, including 

focused microscale sampling in areas of the fault that 

display signs of plasticity.   
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Representation of a numerical simulation of slip inside a granular 
gouge layer. Heating due to frictional slip combined with two-phase 
fluid phases and flow will be included in the model to simulate small 
seismic slips within the reservoir and in laboratory experiments.
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WP1: Detecting paleo-temperature 
anomalies 
 

Supervision by Dr Mark Dekker (UU), Dr Lennart de Groot (UU), 

Dr André Niemijer (UU) and Prof. Wout Krijgsman (UU 

 
 

Dr Annika Greve 
Postdoc (UU) 
 

I am originally from Kiel (Germany), 

where I obtained a BSc degree in Geology 

in 2011. In 2012 I graduated with a BSc(Hons) 

in Geophysics from Victoria University of Wellington (New 

Zealand), followed by a PhD in rock and paleomagnetism in 

2016. I subsequently moved to Yokohama (Japan) for a two year 

PostDoc before joining the DeepNL team at Utrecht University. 

In Japan I developed rock magnetic techniques and researched 

how sediments deform in active subduction zones. I specifically 

focused on the Hikurangi subduction margin (New Zealand). In 

the upcoming years I aim to apply similar methods to under-

stand deformation mechanisms and frictional behaviour of the 

Slochteren sandstone and related lithologies. I will work both 

on natural fault-zones and rock deformed in the laboratory. The 

findings will improve our understanding of the physical mech-

anisms that underlie fault-slip and earthquakes in the 

Groningen area. 

 

 

Dr Marcel Mizera 
Postdoc (UU) 
 

I recently finished my Ph. D. project at 

Victoria University of Wellington with the title 

"Deformational Processes Accommodating Slip on an Active 

Low-Angle Normal Fault, [...]." At Utrecht University as part of the 

DeepNL project "How hot do Groningen faults get?" supervised 

by André Niemeijer, I am interested in shallow crustal faulting 

processes (<5–10 km depth) especially in the identification of 

temperature anomalies in natural fault zones: Is there evidence 

for shear heating at shallow crustal levels?; do faults serve as a 

fluid conduit enabling the migration of hotter fluids from deeper 

crustal levels? Fault rock samples for my studies come from an 

inactive, well-exposed shallow thrust fault in New Zealand. I am 

using the excellent laboratories at Utrecht University to develop a 

new method to measure temperature anomalies in calcite, 

including optical and cathodoluminescence microscopy; electron 

backscatter diffraction-based texture analysis; and clumped-

isotope thermometry on calcareous fault rocks.

WP2: Weakening and temperature rise during 
small slip 
 
Supervision by Dr André Niemeijer (UU), Dr Amir Raoof (UU) and 

Prof. Chris Spiers (UU) 
 

 
Chien-Cheng Hung  
PhD student (UU) 
 

I am Chien-Cheng Hung from Taiwan. I 

obtained my MSc degree in 2017 in Earth 

Sciences at the National Central University (NCU). In 2018, I 

was employed as a project assistant in the Department of Earth 

Sciences at the NCU for one year and I started my PhD at 

Utrecht University in August 2019. Before starting my PhD, I 

focused on investigating fault mechanics of large earthquakes 

by performing friction experiments and microstructural analysis. 

In this DeepNL project, I aim to determine the generation of 

frictional heat at small scales and resulting weakening mechan-

isms during small, fast slip events by using similar approaches 

to the Groningen lithologies. I will further combine experimental 

observations with numerical modelling (e.g. discrete element 

method) to understand the effect of pore fluid on heat gener-

ation. In this way, the physical parameters of earthquakes can 

be obtained and applied for fault rupture models of small earth-

quakes.
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InFocus: An Integrated Approach to Estimating 
Fault Slip Occurrence 

 

Project leaders: Dr Femke Vossepoel (TUD),  

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

 

Induced seismicity as a result of gas production is likely 

driven by changes in stress on faults in the reservoir. Which 

processes govern these stresses and thereby seismicity is 

not clear. Compaction, fluid flow and friction each play a 

role. To estimate and ultimately forecast seismicity, it is thus 

crucial to understand these three aspects and their inter-

actions. In InFocus, we do this through coupled simulation 

of geomechanics, dynamic rupture and two-phase flow 

making use of a simulation framework developed for 

subduction zones. With an analysis of seismic observations 

over the Zeerijp area of the Groningen field we will calibrate 

the model so it can be used in reservoir-scale studies. Next, 

we propose further refinement of the model by estimating 

state and/or parameters using a statistical, Bayesian 

approach in data assimilation. To test the validity of this 

data-assimilation approach we develop a simplified, 

controlled laboratory setup of a slipping fault monitored 

with acoustic emission sensors and strain sensors and a 

parallel numerical simulation of this setup in which we 

assimilate the lab measurements. This helps to identify what 

observations would be required to better understand and 

ultimately forecast seismicity as a result of fluid extraction. 

Extending data-driven simulation tools developed for 

subduction zones to laboratory and reservoir scales is 

expected to shed light on the dynamics and occurrence of 

seismicity. 

 

In fall 2019, we hired Meng Li and Hamed Ali Diab Montero, 

the two PhD students in the project, and Mohsen Goudarzi 

as a post-doc. Meng Li developed a 2D quasi dynamic and 

fully dynamic framework for earthquake rupture in the 

modular GARNET library, which is being validated against a 

benchmark representing a strike-slip fault. Hamed Diab 

Montero has coupled this model to the online parallel data 

assimilation framework PDAF. Initial tests with the Ensemble 

Kalman Filter update the state variables of the model. 

Mohsen Goudarzi combined the formulation for the solid-

fluid interaction in a poro-visco-elastoplastic reservoir setup 

and initiated standard mechanical benchmarks for this 

formulation. The team got together with the complete inter-

national advisory group at a kick-off meeting to discuss the 

state-of-the-art and set directions for the numerical, labora-

tory and observational studies. We re-evaluated the 

challenges and opportunities and consolidated the short-

term plan and long-term objectives.  

 

In the first phase of the project, two laboratory configur-

ations will be modelled for which the data are readily 

available. The first laboratory setting will form the basis of 

Setup of laboratory experiment in the National Research Institute for Earth Science and Disaster Prevention, Ibaraki, Japan. The results of 
earthquake-simulating experiments with this setup form the input to the data-assimilation experiments (left).  
The slip evolution along the fault depth with respective to time in a 2D fully dynamic simulation using the GARNET library. The curves are 
plotted every 200 time steps in different color based on the maximum slip velocity at that moment. The blue color indicates the interseismic 
phase, red the coseismic phase and magenta the postseismic phase (right).



the data-assimilation experiments, the other to advance the 

understanding of the physics of induced seismicity. After 

successful benchmarks in 1D and 2D, we optimize the 

computational speed and extend the simulation to three 

dimensions. The data assimilation will investigate the appli-

cation of the Ensemble Kalman filter in the 1D setting and 

compare the results to the application of alternative data-

assimilation methods. The code development will transfer 

the existing formulation to the code library GARNET and 

extend it with Newton-Rapson solvers. In this first phase we 

will prepare for the upscaling of the simulation and data-

assimilation experiments from laboratory to field scale. 
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WP1: Development forward model for 
seismicity and fluid flow in poro-visco-elasto-
plastic media 
 
Supervision by Dr Ylona van Dinther (UU) and  

Dr Femke Vossepoel (TUD) 
 

Dr Mohsen Goudarzi 
Postdoc (UU) 
 

My name is Mohsen Goudarzi, and I am 

from Tehran, Iran. I obtained my bachelor's 

degree in civil engineering in my home city 

and later on followed a master's degree in Hydraulic structures 

at the University of Tehran. During this time, I was introduced to 

the computational mechanics of multi-phase porous media 

with an emphasis on the modelling of weak/strong discontinu-

ities. I moved to the Netherlands in 2014 to pursue a Ph.D. 

program at TU Delft. My Ph.D. thesis topic was to develop an 

efficient computational framework for the micromechanical 

study of fibre-reinforced composites, with applications to multi-

field structural batteries. I started my postdoc career in the 

DeepNL project in November 2019 to further improve the 

existing continuum numerical models for faults. Currently, I am 

developing a robust numerical algorithm for multi-phase porous 

media, incorporating the coupling effects between faults  

and fluid flow.

WP2: Application of forward model and 
laboratory experiments to advance physical 
understanding of faults 
 

Supervision by Dr Ylona van Dinther (UU),  

Prof. Liviu Matenco (UU) and Dr André Niemeijer (UU) 
 

Meng Li  
PhD student (TUD) 
 

I am Meng Li from Utrecht University. I 

was born in China. I received my bachelor’s 

degree in geophysics from Peking University 

and continued my master’s study at ETH Zurich. After my gradu-

ation as a master of earth sciences, I started to work as a PhD 

student in the tectonics group here. I am currently working on 

numerical modelling of seismic cycles in 0D, 1D, 2D and 3D to 

investigate the advantages and limitations of various dimensional 

models. The results are planned to be presented on EGU 2020. In 

our InFocus project, we are aiming at modelling the seismicity of 

laboratory experiments and using data assimilation to predict 

synthetic and experimental earthquake sequences. My part of 

numerical modelling plays a fundamental role in providing reliable 

and efficient forward models within a well-structured code library. 

This will contribute to the preparation for data assimilation to 

understand seismicity later on.

WP3: Statistical analysis of seismological 
data and data assimilation experiment 
 
Supervision by Dr Femke Vossepoel (TUD),  

Prof. Jan Dirk Jansen (TUD) and  

Dr Ylona van Dinther (UU)  
 

Hamed Diab   
PhD student (TUD) 
 

I am a Ph.D. student in TU Delft part of 

the InFocus team (An Integrated 

Approach to Estimating Fault Slip 

Occurrence).  I hold a bachelor in Civil Engineering and in 

Geosciences from Universidad de Los Andes, Colombia and I 

recently received my MSc in Applied Geophysics from the IDEA 

League Joint Collaboration program offered by TU Delft, ETH 

Zurich, and RWTH Aachen. Previously, I have worked as a 

geotechnical engineer in INGETEC (Colombia), evaluating the 

stability of slopes and modelling seepage flow. My contribution 

to InFocus is to explore the use of data assimilation techniques 

for evaluating the estimation and forecasting of seismic events. 

I am interested in quantifying the effects of the processes 

occurring at the fault, their impact on the final observed seis-

micity, and providing probabilistic estimates of fault slip 

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

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

Marie-Colette van Lieshout (UT), Dr Hanneke Paulssen 

(UU) and Dr Kathrin Smetana (UT)  

 

It is well known that the seismicity in the Groningen area is 

caused by gas extraction. How the rate and location of extrac-

tion is related to the magnitude and frequency of seismicity is 

however not well understood. In a synergetic and interdisci-

plinary collaboration between the Department of Earth 

Sciences of Utrecht University and the Department of Applied 

Mathematics of the University of Twente, we propose to 

develop state-of-the-art tools to comprehensively address the 

causality between gas extraction and seismicity. We 

advanced on several work packages. 

 

WP1: Inference of 3D structure using past seismicity and 

seismic noise. We are currently putting a workflow for full 

waveform inversion into place. The engine is a community 

code and our effort involves interaction with researchers from 

Princeton, Kaust and Colorado School of Mines. We are in the 

process of interpreting a shallow (first few hundred meters) 

time dependent subsurface model (Fokker and Ruigrok, 2019). 

 

WP2: Model order reduction. Intensive collaboration between 

dr. Hawkins (UU) and dr. Smetana (TU) resulted in  

a prototype approach for model order reduction for the spec-

tral element code. The obtained speed-ups are encouraging 

for forward as well as adjoint calculations (see figure). 

 

WP3: Monitoring the geometry of the reservoir. Receiver  

functions are widely used to monitor seismic reflector 

changes, but their interpretation relies on restrictive assump-

tions. We developed a method to calculate exact kernels in 

any 3D background model, making receiver functions much 

more usable for precise monitoring of medium geometry. 

 

WP4: Neural network tool developments for routine moni-

toring have not yet started. However, a forward model is in 

development to synthesize seismic-velocity changes due to 

tidal loading and temperature changes. The operator of the 

Groningen gas field has made the decision to drill and instru-

CLUSTER 2:  MONITORING OF SEISMICITY-RELATED CONDITIONS AND 
PREDICTING SEISMICITY - PROJECT STATUS AND PROGRESS
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ment the Stedum-2 well in 2020 (despite a projected closing 

of the field in a few years). Data flowing from this well will be 

used to further constrain (time-dependent) seismic properties 

of the North Sea group. 

 

WP5: Development of statistical tools for periodic monitoring 

of hazard and for decision making by comparing and 

predicting the effects of various gas extraction policies on 

hazard. We investigated asymptotically optimal choices for 

the smoothness parameter in kernel estimators (classical and 

adaptive) of spatial hazard (van Lieshout, 2019). 

 

References:  
Fokker, E. B., & Ruigrok, E. N. (2019). Quality parameters for 
passive image interferometry tested at the Groningen net-
work. Geophysical Journal International, 218(2), 1367-1378. 
 
M.N.M. van Lieshout (2019). Infill asymptotics and bandwidth 
selection for kernel estimators of spatial intensity functions. 
Methodology and Computing in Applied Probability. Pub-
lished online: 28 November 2019. 
 

Invited lectures: 
M.N.M. van Lieshout (2020). Puntprocesmodellen voor aard-
bevingen, toegepast op data uit Groningen en Kashmir. 
Winter Symposium KWG, Utrecht, Januari 11 2020. 
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WP1: Inference of the 3D structure and 
redetermination of seismic sources within the 
area using all currently available seismic data 
 
Supervision by Prof. Jeannot Trampert (UU),  

Prof. Jeroen Tromp (Princeton)  

and Dr Matthias Schlottbohm (UT)  
 

Janneke de Jong 
PhD student (UU) 
 

My name is Janneke de Jong. During my 

bachelor Physics in Amsterdam I decided 

to do my thesis in Geophysics, which I liked 

so much that I continued to do my master in that field at 

Utrecht University. My enthusiasm did not waver, and I am 

currently a PhD-student at that same university working on the 

DeepNL-program. In my research I will focus on receiver func-

tions, commonly used in global seismology, and apply them to 

the regional setting of the Groningen gas field. I’m curious to 

see if this type of data can be used to observe small changes in 

the Groningen subsurface through time.

WP2: Model reduction of the forward and 
adjoint problem within SPECFEM3D, a 
spectral element code used for wave 
propagation simulations 
 

Supervision by Dr Kathrin Smetana (UT),  

Dr Matthias Schlottbohm (UT), Prof. Jeannot Trampert (UU) and 

Prof. Jaap van der Vecht (UU) 
 

Muhammad Hamza Khalid  
PhD student (UT) 
 

Hi! My name is Muhammad Hamza Khalid, 

and I am an Applied Mathematician. I am 

from Pakistan and have recently completed 

my master’s in applied mathematics from NTNU, Norway. For the 

last six months, I have been working as a researcher in computa-

tional fluid dynamics and now I am excited to start this PhD 

position at the University of Twente. In the span of my PhD, I will 

be using my expertise in the development and implementation of 

reduced-order models for the seismicity prediction. I believe this 

would help the scientific community in a robust computation of 

solution and generation of enough synthetic data for neural 

network training.  

WP3: Generation of Green’s functions for 
varying seismic sources and changes in 
geometry, stress, and elastic structure 
 
Supervision by Prof. Jeannot Trampert (UU),  

Dr Hanneke Paulssen (UU)  

and Prof. Jeroen Tromp (Princeton) 
 

Thomas Cullison 
PhD student (UU) 
 

My focus is on both inferring an accurate 

3D subsurface model of the Groningen 

area using full-waveform inversion (FWI) and 

developing a neural network tool for rapid source location and 

moment tensor determination (possibly for strain redistribution 

as well). I’m currently in the process of porting the 2017 

Groningen subsurface model into SPECFEM3D, which I will 

then use for computing Green’s functions for comparisons to 

previous earthquakes, and for updating the subsurface wave-

speed model using FWI. I am a geophysicist and computer 

scientist from Colorado, USA. I have 10+ years of experience 

developing HPC applications for seismic imaging and seismic 

data processing algorithms (at Hess & NVIDIA). I attended 

Colorado School of Mines as an undergraduate and a graduate. 

BSc: double major in geophysical engineering and computer 

science. MSc: mathematical and computer science – worked 

as a research assistant for the Center for Wave Phenomena.
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WP5: Application of the monitoring data to 
stochastic decision tools for future 
production scenarios 
 

Supervision by Prof. Marie-Colette van Lieshout (UT) and Prof. 

Jeannot Trampert (UU) 
 

Zhuldyzay Baki  
PhD student (UT) 
 

My name is Zhuldyzay Baki. I am from 

Kazakhstan. I have completed my Bachelor 

Degree in Applied mathematics from 

Nazarbayev University, Astana, Kazakhstan, after which I got my 

Masters in Statistics from King Abdullah University of Science 

and Technology, Jeddah, Saudi Arabia. My PhD research focuses 

on modelling effects of natural gas extractions on the seismicity 

within the Groningen region. My research interests include Spatial 

statistics, decision theory, Bayesian statistics and Extreme-Value 

theory.

WP4: Development of neural network tools 
for monitoring time dependent 
properties using the Green’s functions as 
training data 
 
Supervision by Prof. Jeannot Trampert (UU), Dr Elmer Ruigrok 

(UU/KNMI), Prof. Jeroen Tromp (Princeton),  

Dr Kathrin Smetana (UT) and Dr Christoph Brune (UT) 
 

Eldert Fokker 
PhD student (UU) 
 

My name is Eldert Fokker. I live in 

Houten, together with my wife Janine. I 

developed my first passion for the 

Groningen subsurface during the bachelor research of the 

bachelors ‘Earth Sciences’ and ‘Physics and Astronomy’ at 

Utrecht University. In the master ‘Earth Structure and Dynamics’ 

this interest only increased. In July, I started a PhD research at 

Utrecht University in which I investigate the changing state of 

the Groningen subsurface using seismic data. Time-lapse 

seismic velocity variations were observed in Groningen (Fokker 

& Ruigrok, 2019). For the Groningen subsurface, however, a 

physical explanation for these changes has not yet been found. 

I research the feasibility to use seismic data to learn about the 

processes controlling seismic changes in the subsurface of 

Groningen.  

 

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. 

 

 

Dr Rhys Hawkins  
Postdoc (UU) 
 

After completing degrees in Computer 

Science and Engineering, I worked at the 

Department of Computer Science at the 

Australian National University, CSIRO (Australia's national 

research agency), and the NCI (Australia's peak supercom-

puting facility). I completed a PhD in Seismology at the 

Australian National University in 2018, and before commencing 

my position at Utrecht University, I held a Post-doctoral position 

at the University de Lyon, France. As part of the Deep-NL 

project, I will be investigating the physical modelling of stress 

induced changes in the seismic wavefield with a focus on the 

applying this to the Groningen area in an effort to infer the rela-

tionship between extraction processes and stress induced 

seismicity in the region. In collaboration with University of 

Twente, we are currently exploring the application of reduced 

basis methods in acceleration of spectral element waveform 

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

 

Project leaders: Prof. Kees Wapenaar (TUD),  

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

and Dr Kees Weemstra (TUD/KNMI)  

 

In the Deep Image project we develop an integrated meth-

odology for seismic imaging and monitoring of the 

Groningen subsurface and its induced seismicity. The aim is 

that this methodology will improve the forecasting of occur-

rence and effects of possible future induced seismicity. This 

requires a thorough understanding of induced seismic 

sources (their cause, location and radiation characteristics), 

the complex propagation of the seismic waves from these 

sources to the surface, and the resulting ground motion 

experienced at the surface. We aim to accomplish this by 

developing an integrated system consisting of  (1) advanced 

seismic imaging and monitoring methodology, (2) innovative 

scaled experiments in our rock-mechanics laboratory and 

(3) advanced numerical seismic modelling modules. The 

research is organized in three interrelated workpackages 

along these lines. The progress for each of these workpack-

ages is briefly described below. 

 

WP1a: Methodology for layer-specific imaging and moni-

toring. As part of WP1, we will develop tools based on 

seismic interferometry and Marchenko redatuming for moni-

toring velocity and quality-factor changes in the Groningen 

subsurface. For this task, PhD student Faezeh 

Shirmohammadi started her PhD project in November 2019. 

We started the research for this task by numerical-

modelling tests for the retrieval of non-physical reflections 

using seismic interferometry. We are investigating the 

retrieval quality of zero- and multiple-offset ghost reflec-

tions, in case of inclined layers, for layer-specific velocity 

monitoring. The first results will be presented at the March 

2020 NAC meeting in Utrecht. The methodology developed 

in this package will be applied to active-source surface 

reflection data, borehole data, and the combination of the 

two, but also to induced earthquakes. 

 

WP1b: Full-waveform inversion of active and passive data. 

Differences between computed seismograms and recorded 

seismograms are, in general, the result of a combination of 

an inaccurate structural model (including velocities and 

dissipative properties) and inaccurate source parameters 

(location plus moment tensor). PhD student Iban Mafara 

started his PhD project in September 2019. We have so far 

focused on the inversion for the source parameters only. 

Currently, we are investigating probabilistic inversions for 

these parameters. In other words, we aim to quantify the 

uncertainty when it comes to the location and character-

istics of the induced events in Groningen. In particular, we 

use  a Hamiltonian Monte Carlo approach for this purpose. 

We are now at the point where we apply the scheme to a 

2D velocity model of the Groningen subsurface for which 

synthetic data are generated. Comparing travel times for a 

large number of models (by means of the Hamiltonian 

Monte Carlo scheme) against the travel times extracted 

from the synthetic data, we obtain an estimate of the uncer-

tainty on the locations and source characteristics of the 

induced events. These results will be presented at the 

March 2020 NAC meeting in Utrecht. 

 

WP2: Laboratory experiments: early detection of stress 

changes, failure and seismicity in rocks using acoustic tech-

niques. PhD student Aukje Veltmeijer started her PhD 

project in October 2019. Activities within this WP2 project 

have mainly centered around setting up, modifying and 

improving the experimental set-up to be able to do active 

acoustic monitoring and passive acoustic monitoring simul-

taneously. Passive acoustic sensors record the earthquakes, 

while the active acoustic sensors periodically send seismic 

waves through the material. By analysing the details in the 

changes of the active wave forms we aim to forecast when 

failure is occurring. Our initial efforts aim to integrate the 

newly acquired passive monitoring system into our estab-

lished experimental protocol, as well as the understanding 

and data processing of the passively acquired seismicity 

data. The first results will be presented at the March 2020 

NAC meeting in Utrecht. 

   

WP3: Numerical seismic modelling. Quantifying and fore-

casting the effects of induced seismicity in and around 

Groningen requires modelling the entire chain of processes 

from the occurrence of induced earthquakes – considering 

the specific situation of the Groningen field, wave propaga-

tion through the different rock layers toward the ground 

surface, to site effects controlled by near-surface heteroge-

neities and distribution of soft sediments. PhD student 

Jingming Ruan started his project in September 2019. He 

has performed literature studies on the mechanism of seis-

micity in the Groningen gas field, existing fault distribution 

and the rupture models. A 4-year research plan was formu-

lated and the primary impacts were defined. A computer 



24   DeepNL - Annual report II – 2019

code (PFLOTRAN) has been installed for modelling the 

pore-pressure evolution. This was followed by installation of 

an up-to-date poro-elastic forward modelling code 

(Defmod) for fluid-induced dynamic faulting. This code was 

originally developed at MIT to model earthquakes in the 

Groningen gas field (Meng and Wang, Computer and 

Geosciences, 113, pp. 54-69, 2018). These two codes are 

now being used to model a fluid depletion scenario. In the 

near future, these codes will be adapted and tuned to model 

a more realistic situation.

Two-dimensional ray-based propagation for the purpose of source (parameter) inversion in WP1b. Synthetic data is created by placing a 
simple impulsive source (red star) at the depth of the top of the Gas reservoir. The velocity model is a two-dimensional vertical cross-section 
extracted from the three-dimensional velocity model of the NAM. Black lines represent lines of constant travel times, whereas the white lines 
represent the rays along which the energy between the source and each of the receivers traveled. The synthetic travel times are evaluated 
against travel times associated with source locations proposed by the Monte Carlo sampler (see description of WP1b). As such, a probability 
density of the location of the (synthetic) induced event is constructed.
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WP1a: Development of seismic imaging and 
monitoring methodology: methodology for 
layer-specific imaging and monitoring (MLSIM) 
 
Supervision by Dr Deyan Draganov (TUD),  

Dr Guy Drijkoningen (TUD) and Prof. Kees Wapenaar (TUD) 
 

Faezeh Shirmohammadi 
PhD student (TUD) 
 

I obtained my master degree in 

Geophysics at Institute of Geophysics at 

University of Tehran and my bachelor degree 

in Geology at University of Tehran, Iran. In my master thesis, I 

worked on quality-factor tomography using earthquakes data, 

on seismic interferometry (SI), seismic hazard assessment, and 

seismic imaging. Now, as a PhD student in the section of 

Applied Geophysics and Petrophysics at the Department of 

Geoscience and Engineering at Delft University of Technology, I 

am working on a methodology for layer-specific imaging and 

monitoring in Work Package 1 of the project DeepImage. We 

will develop SI tools based on non-physical reflections and 

make use of Marchenko-redatuming tools for monitoring time-

lapse changes in both P- and S-waves velocities and Q-factors 

in the Groningen subsurface. The SI tools will be developed for 

application to active-source surface reflection data, borehole 

data, and the combination of the two, but also to induced  

earthquakes.

WP1b: Development of seismic imaging and 
monitoring methodology: full-waveform 
inversion of active and passive data (FWIAPD) 
 
Supervision by Dr Kees Weemstra (TUD),  

Prof. Läslo Evers (TUD/KNMI) and Prof. Kees Wapenaar (TUD) 
 

Iban Masfara 
PhD student (TUD) 
 

La Ode Marzujriban Masfara Rachman 

(Iban) obtained his bachelor's degree with 

a cum laude in Geophysics from the 

University of Hasanudin in Indonesia, and is highly passionate 

in Seismic Exploration and Inverse Theory. He then continued 

his study in a joint master's degree program of Applied 

Geophysics offered by the IDEA League (TU Delft, ETH Zurich, 

and RWTH Aachen) and graduated with distinction. During his 

master thesis, he worked under the supervision of Professor 

Andrew Curtis, Dr. Dirk Jan Van Manen and Hendrik Thomsen, 

M.Sc with the main topic of multi-scattering identifications in 

highly dispersive media in ETH Zurich Wavelab. In September 

2019, he started as a Ph.D. student at TU Delft and has been 

working within Deep Image team, which is part of the DeepNL 

project. His main goal is to obtain a representative subsurface 

velocity model of the Groningen field. The project is under the 

supervision of Dr. Kees Weemstra with promotor of Prof. Kees 

Wapenaar.

WP2: Laboratory experiments: early 
detection of stress changes, failure and 
seismicity in rocks using acoustic techniques 
 

Supervision by Dr Auke Barnhoorn (TUD);  

Prof. Evert Slob (TUD) and Prof. Kees Wapenaar (TUD) 
 

Aukje Veltmeijer  
PhD student (TUD) 
 

In October 2019, I started my PhD in the 

section Applied Geophysics & Petrophysics 

at TU Delft. Before starting my PhD, I have a 

completed a bachelor in Applied Earth Science at TU Delft and 

the IDEA league joint master program in Applied Geophysics at 

TU Delft, ETH Zurich and RWTH Aachen. My project is part of 

DeepImage and about early detection of stress changes, failure 

and seismicity in rocks using acoustic techniques. The aim of my 

research project is to show precursory indicators for failure and 

slip along pre-existing faults in the laboratory, using acoustic 

measuring techniques. The other important component is to 

assess the feasibility of these monitoring techniques on larger 

field- and reservoir scale applications.

WP3: Numerical seismic modelling 
 
Supervision by Dr Ranajit Ghose (TUD) and  

Prof. Wim Mulder (TUD) 
 

Jingming Ruan  
PhD student (TUD) 
 

Since 1st September 2019, I work as a 

PhD student in the Department of 

Geoscience & Engineering, TU Delft. I am 

responsible for research under Workpackage 3 of the 

DeepImage Project. Prior to this, I obtained my BSc degree 

from Sun Yat-sen University, China, majoring in marine 

sciences, and MSc degree in geophysics from Utrecht 

University. The topic of my MSc thesis was seismic wavefield 

reconstruction using sparsely sampled seismic data with 

spatial gradients. In my present research I am trying to numeri-

cally model the entire chain of processes related to induced 

seismicity in the Groningen gas field. This will involve modelling 

the evolution of pore-pressure to poro-elastic, dynamic faulting, 

seismic wave propagation and near-surface effects. The results 

will be useful to explain damages at the surface and forecast 

the effects of various production scenarios. The developed 

approach will be applicable to model both fluid injection- and 

depletion-induced seismic events.
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Monitoring and Modelling the Groningen 
Subsurface based on integrated Geodesy and 
Geophysics: improving the space-time 
dimension  

 

Project leaders: Prof. Ramon Hanssen (TUD), Dr Rob 

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

Vossepoel (TUD) 

 

The Subsidence project addresses the correlation between 

surface subsidence and gas production in the Groningen 

gas field, due to reservoir compaction. Adaptation to this 

primary subsidence, by changing and compartmentalizing 

the ground water table, causes a secondary subsidence 

signal, strongly dependent on soils and the shallow subsur-

face. Continuous, frequent and accurate estimates and 

predictions of subsidence over the entire Groningen field 

are therefore highly relevant.  

 

The principal innovative aspect of this study is that we will 

jointly use 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.  

 

The relevance of improving model parameters is that they 

control physical processes in the subsurface, e.g., rates of 

reservoir stress relaxation and fault creep, hence establishing 

Simulated vertical displacements due to a Geertsma disk source 
at 3 km depth.

CLUSTER 3: SURFACE EFFECTS OF SEISMICITY AND SOIL SUBSIDENCE 
PROJECT STATUS AND PROGRESS
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an observationally constrained basis for forecasting hazards 

from various gas production scenarios. Similarly, model 

parameters of processes in the shallow subsurface are 

relevant since they are the main driver for strain on buildings 

and infrastructure. Recently developed data assimilation 

methods will be used to integrate the geodetic and 

geophysical observations and models. This way, subsidence 

is not only an undesired consequence of subsurface exploi-

tation, but also an important source of information to 

understand it. 

 

In 2019, the Subsidence project was mainly devoted to 

finishing administrative hurdles and scouting for talent to fill 

the vacant positions. For WP2, Improvement of geophysical 

models at sub-Holocene depths,  Marius  Wouters, MSc, 

was selected to fulfil the open position, and started in 

September 2019, and for WP4, Data assimilation, Samantha 

Kim, MSc, was selected. For the other work packages, suit-

able candidates were found but these will start early 2020.  

 

WP2 aims to develop mechanical models for rock layers 

below the Holocene, including the reservoir, that will be 

used in the data assimilation procedure, in the end to 

identify subsurface drivers of subsidence above the 

Groningen gas field, and to forecast future subsidence, via 

assimilating geodetic time series into geophysical models. 

Part of the project is to develop the geophysical model of 

the sub-Holocene (reservoir and overburden), and to identify 

the relevant mechanisms and parameters responsible for 

the subsidence. Since data assimilation can be computa-

tionally intensive, a key question is: which model details 

produce surface responses that can actually be detected  

in the geodetic data? To answer this question for the 

Groningen area, a sensitivity study is performed. This start 

off with a numerical finite element model of a simplified 

geometry and iteratively test combinations of categories 

and degrees of complexity, by imposing a local pressure 

drop as a synthetic production forcing. Examples of tested 

complexities in Groningen subsurface are the high lateral 

variabilities in lithological thicknesses, especially of the 

evaporitic caprock, and the (active) faults in the reservoir, 

which have been imaged in detail by the operator of the gas 

field (NAM). Preliminary results of this sensitivity study will 

be presented at NAC2020. 

 

For WP4, the aim is to identify subsurface drivers of 

subsidence above the Groningen gasfield and to forecast 

future subsidence. The hydrocarbon extraction in Groningen 

induces a pressure reduction in the gas reservoir which 

triggers compaction and land subsidence. This deep-

subsurface process is modelled by a disc-shaped reservoir 

model, which is a superposition of individual nuclei of strain 

based on Geertsma's approach. The surface deformation 

and the strength of the disc strain are estimated using  

a particle method. We apply the method to one single 

nucleus of strain at 3 km depth and extend to a disc-shape 

geometry. Synthetic experiments with a single nucleus of 

strain and with discs of varying sizes, 2.2 km to 13.3 km 

diameter, at 3 km depth are performed to assess the 

performance of the method for an increasing degree of 

complexity. Sequential Importance Resampling prevents  

the sample degeneracy when the number of nuclei 

increases. Adding a jitter noise in the resampling step 

avoids an impoverishment of the ensemble values. The 

results indicate that the method estimates the surface 

deformation and the strength for a large number of sources 

and for a relatively small effective ensemble size. In further 

investigations, localization can provide an additional means 

to deal with increasing dimensions and a relatively small 

ensemble size. 
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WP1: Improvement of geodetic models and 
parameter estimation: InSAR data 
 
Supervision by Prof. Ramon Hanssen (TUD) 
 

This PhD position will be filled in early 2020.

WP2: Improvement of geophysical models at 
sub-Holocene depths: reservoir and 
overburden 
 
Supervision by Dr Rob Govers (UU) 

 
Marius Wouters  
PhD student (UU) 
 

I am originally from the Netherlands and 

have done both my bachelor’s and 

master’s in Earth Sciences at the Utrecht 

University, during which I have focused on the geophysical 

numerical modelling of the Earth’s mantle and lithosphere. For 

my master’s thesis I studied the dynamics of the African plate 

75 million years ago. My part as a PhD student in the 

“Subsidence” DeepNL project is to develop the geomechanical 

model of the deeper (sub-Holocene) subsurface of the 

Groningen area. In the coming months I will be working on 

studying sensitivity of the subsidence (pattern) to features in 

the subsurface like faults, lithology, salt flow etc. This will inform 

us on the model complexity required to proceed as a group 

with the data assimilation of the geodetic data.

WP3: Improvement of geophysical models at 
Holocene and Pleistocene depths: soils, 
hydrology and water management 
 

Supervision by Dr Esther Stouthamer (UU) 

 
 

Chayenne Janssen 
PhD student (UU) 
 

I am Chayenne Janssen (25) and I am from 

Utrecht where I started my study of Earth 

Sciences in 2012 at Utrecht University. In 2018 I graduated my 

masters in Earth, Structure and Dynamics and I continued 

working as (junior) advisor in soil and subsurface for several soil 

and environmental companies such as Abel Talent, Sweco, 

Arcadis and Crux Engineering, throughout the Netherlands. In 

February 2020 I will continue my scientific career at Utrecht 

University (and TU Delft) by starting a PhD on the improvement of 

geophysical models at Holocene and Pleistocene depths, 

regarding soils, hydrology and water management. The aim of my 

project is to quantify and model spatial and temporal changes in 

surface elevation due to rising or lowering of phreatic ground-

water as a consequence of primary subsidence and groundwater 

extraction from Pleistocene aquifers. I am looking forward to 

contribute to this interesting field of research.

WP4: Improvement of geophysical models at 
sub-Holocene depths: reservoir and 
overburden 
 
Supervision by Dr Femke Vossepoel (TUD) 

 
 

Samantha Kim  
PhD student (TUD) 
 

As a PhD student at Delft University of 

Technology, I take part of the DeepNL 

project "Monitoring and Modelling the Groningen Subsurface 

based on integrated Geodesy and Geophysics: improving the 

space-time dimension". I studied Physics at Strasbourg 

University (France), where I received my bachelor and my 

master in condensed matter Physics. I specialized in 

Geophysics during a second master at EOST, Strasbourg. 

Particularly interested in reservoirs study and in numerical 

methods, I worked on inverse methods for geothermal reser-

voirs during my master thesis, at Uppsala University (Sweden). 

My current research topic aims to estimate the surface 

deformation in Groningen using data assimilation. I am first 

assessing a particle method with a reservoir model, based on 

 a nucleus-of-strain approach. Further investigations using data 

assimilation could provide a better understanding of subsurface 

processes involved in subsidence, by combining shallow and 

deep-subsurface models with geodetic data.
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SOFTTOP: Investigating heterogeneous soft 
top soils for wave propagation, cyclic 
degradation and liquefaction potential 
 

Project leaders: Prof. Michael Hicks (TUD),  

Prof. Cristina Jommi (TUD)  

and Dr Mandy Korff (TUD/Deltares) 

 

The SOFTTOP project wants to accurately predict what the 

movement and deformation of the surface is as a 

consequence of induced seismic load at depth. Spatial vari-

ations 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 recommenda-

tions for practice and prototype analysis methods. 

 

Two PhD students (WP2 and  WP3) started in July 2019 and 

a postdoctoral researcher (WP1) will be appointed. The 

progress of WP2 and WP3 is as follows: 

WP2 - Laboratory investigation and constitutive modelling 

of laminated sands. Developing a physically-based consti-

tutive framework for laminated sands requires a thorough 

understanding of the material behaviour. In order to identify 

the key characteristics and mechanical responses of these 

soils, an in-depth literature review has been carried out and 

an experimental programme comprising cyclic triaxial and 

direct simple shear (DSS) tests was created. So far, the 

index properties of the Groningen soils have been deter-

mined  and cyclic triaxial tests on undisturbed soil samples 

taken from the Groningen area (using a ground freezing 

technique) have been completed. The results obtained will 

play a key role in establishing and advancing our under-

standing of the behaviour of laminated deposits. In the next 

stage of the experiments, reproducible reconstituted 

samples will be prepared under controlled conditions and 

tested under cyclic loading conditions to investigate the 

effects of certain factors on the mechanical behaviour of 

deltaic laminated deposits (e.g., fabric, structure, ageing and 

stress history). Besides the experimental research, a 

conceptual constitutive model based on hypoplasticity has 

been implemented into the finite element software ANSYS. 

Preliminary numerical analyses have been carried out using 

two-phase coupled elements to investigate the effects of 

heterogeneity on the mechanical behaviour of laminated 

sandy soils. 

SOFTTOP research components illustrating preliminary activities in WP2 (left) and WP3 (right) 
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WP3 - Clays and peats under cyclic loading. We are 

designing a cyclic shear apparatus with a 3D dynamic 

loading capability. Unlike traditional cyclic shear apparatus, 

which can only perform low frequency cyclic loading, the 

goal of the new machine is to capture the organic soil 

response during induced earthquakes. In other words, the 

new system will be able to simulate the time history of an 

induced earthquake. The preliminary design of the new 

cyclic shear apparatus has been undertaken.  

High-accuracy actuators will be adopted. At the same time, 

we are developing customized sensors for high-frequency 

measurements. These sensors will work together with the 

actuators, encapsulating the material response from small 

to large strain. In parallel, we are conducting a series of 

advanced triaxial tests on organic soil samples, with the aim 

of characterizing the influence of relevant state parameters. 

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

This postdoc position will be filled at a later stage.

WP2: Constitutive model for laminated sand 
 
Supervision by Prof. Michael Hicks (TUD)  

and Mandy Korff (TUD/Deltares) 
 

Ching-Yu Chao  
PhD student (TUD) 
 

I obtained my Master’s degree in 

geotechnical engineering at National 

Cheng Kung University (2015). After 

graduating, I work as a geotechnical engineer and specialize in 

geotechnical earthquake engineering, geological information 

system and tunnel monitoring data analysis at CECI 

Engineering Consultants in Taiwan. Now I’m a PhD researcher 

on the DeepNL project: “SOFTTOP” at the Delft University of 

Technology. My focuses on clays and peats response under 

cyclic loading. The goal of this research is to develop models 

that incorporate specific aspects of organic soils, such as 

organic/fibrous content, non-linear response, cyclic degrada-

tion/softening, stress/strain anisotropy and time-dependent 

behaviour. In order to develop the model and investigate the 

soil behaviours, an innovative cyclic shear apparatus, which can 

apply 3 directional cyclic loading will be setup. The apparatus 

can be equipped with bender elements, accelerometers, pore 

pressure transducers and radial strain/stress measurement, 

which enable to reflect the material response under dynamic 

loading.

WP3: Constitutive model for organic clay 
 

Supervision by Prof. Cristina Jommi (TUD)  

and Dr Wout Broere (TUD) 
 

Hilmi Bayraktaroglu   
PhD student (TUD) 
 

I received my Bachelor’s degree in Civil 

Engineering and Master’s degrees in 

Geotechnical Engineering from Middle East 

Technical University in Turkey in 2016 and 2019, respectively. 

During my Master’s degree, I involved in scientific and industrial 

projects and gained knowledge and experience as a 

research/teaching assistant. I am currently a Ph.D. researcher at 

the Geo-Engineering section at TU Delft and working on the 

SOFTTOP project. My research is focused on sands typical of 

Groningen. The primary objective of my research is to develop a 

physically-based constitutive framework for laminated sandy 

deposits. In order to identify the key characteristics of those soils 

such as inherent fabric anisotropy and small-scale heteroge-

neities and incorporate them into the proposed model, a series of 

cyclic triaxial and DSS tests on undisturbed and reconstituted 

samples will be conducted. The results of this research will 

improve the physical understanding of the dynamic response and 

liquefability of laminated sandy soils.
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26 April 2019 

Royal Distinction for Prof. Jan Dirk Jansen  

Professor Jansen received the royal distinction Knight of the 

Order of the Netherlands Lion. He received the honour for 

his contributions to Earth Sciences research in the 

Netherlands and his talent for bringing together science 

and society. Professor Jansen is the principal investigator of 

the DeepNL programme “Science4Steer: a scientific basis 

for production and reinjection strategies to minimize 

induced seismicity in Dutch gas fields”.  

 

24 May 2019 

Vidi grant for Dr Hadi Hajibeygi  

DeepNL researcher Hadi Hajibeygi received a prestigious 

NWO Vidi research grant of 800.000 euro’s from NWO. His 

project ‘ADMIRE’ will focus on storage of renewable energy in 

the form of hydrogen or methane gas in subsurface geological 

formations. This grant offers him the possibility of developing 

his own line of research and building his own research group.  

 

3 October 2019 

Opening of the Earth Simulation  
Laboratory at Utrecht University  

The Utrecht University Earth Simulation Laboratory (ESL) 

was festively opened by Henk Ovink, the Netherlands' 

Special Envoy for International Water Affairs. The laboratory 

enables scientists to simulate processes that occur both 

within the Earth’s interior and on its surface. These simula-

tions can be done with an unparalleled level of precision 

and contribute to the study and possible mitigation of 

natural disasters. After the opening, the audience could 

attend demonstrations and presentations by Prof. Chris 

Spiers, Prof. Maarten Kleinhans and Dr Ernst Willingshofer. 

The ESL contains the office space for several DeepNL 

researchers and is the location were some of the DeepNL 

projects will perform their experiments. 

 

 

NEWS FROM THE DEEPNL NETWORK

The Earth Simulation Laboratory of the Faculty of Geosciences of 
Utrecht University (courtesy of Utrecht University) 

Hadi Hajibeygi with three important elements for his research: 
hydrogen in a small tank, a large rock sample and a CT-scanner 
(courtesy of TUD). 
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3 September 2019:  

ERC starting grant for Dr Oliver Plümper  

DeepNL researcher Oliver Plümper received a European 

Research Council Starting Grant for his project 

‘nanoEARTH’. He will investigate how minerals and water 

interact on a nanoscale, deep inside the Earth. Through 

tiny transport systems, water can flow through rock and 

thereby affect large geological processes. Essential 

knowledge for the development of for instance 

geothermal energy plants, the extraction of raw materials, 

and storage of nuclear waste. ERC starting grants, of up 

to €1.5 million per grant, are offered to early-career scien-

tists to develop their own research groups.

News from EPOS-NL 
 

EPOS-NL is the Dutch contribution to the European Plate 

Observing System (EPOS) and consists of a consortium  

that includes Utrecht University (UU), KNMI, and TU Delft. Its 

objective is to integrate and expand the national infrastruc-

ture for frontier-breaking research on geo(thermal)-energy, 

geological storage of energy and CO2, and human-induced 

earthquakes. This cutting-edge research infrastructure  

is funded by NWO and perfectly underpins fundamental 

research on these topics in the context of the DeepNL 

program.  

 

The Earth Simulation Lab (ESL) at UU and the combined UU 

and TU Delft Multi-scale Imaging and Tomography (MINT) 

facility opened in 2019. These facilities will be expanded 

with state-of-the-art rock deformation and electron and  

X-ray microscopy equipment in 2020. Drilling for the deep 

geothermal well (DAPwell) at the campus of TU Delft will 

also start this year. Access to seismological data from the 

Groningen gas field will continue to be provided by the 

ORFEUS Data Center at KNMI.  The EPOS-NL management 

team has been completed by the recruitment for three posi-

tion in Utrecht and Delft. 

 

DeepNL researchers are invited to use these EPOS-NL 

facilities and are encouraged to openly share their data 

through the appropriate EPOS data services. This will 

ensure that this data becomes Findable, Accessible, 

Interoperable, and Reusable (FAIR) throughout the 

European solid Earth science domain.  

 

We are confident that the synergetic exploitation of EPOS-NL 

infrastructure by DeepNL scientists will continue to contribute 

to the successful completion of the DeepNL research projects. 

 

Martyn Drury, Ernst Willingshofer, Richard Wessels,  

Phil Vardon, Kees Wapenaar, Anke Dählmann,  

Reinoud Sleeman and Bernard Dost  

(Consortium members EPOS-NL) 

 

 

 

 

Photo by Helen King.
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News from KEM 
 

The Knowledge Program on the Effects of Mining, called 

KEM, has been initiated by The Minister of Economic Affairs 

and is running now for almost three years. It  focuses 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 research project results aim to 

contribute to enhancing the capabilities and instrumenta-

tion on mining hazard and risk assessment in The 

Netherlands. The scope includes all mining activities falling 

under the Mining Law and concerning risks impacting 

people or the environment, such as seismic, subsidence, 

fluid leakage and facility risks. 

 

The KEM research projects finished have contributed to 

improving mining policy and inspection procedures. For 

example, KEM had impact on safe pressure limits of under-

ground gas storage, on safe abandonment strategies for 

deep salt caverns, seismic monitoring requirements and 

more. KEM also contributed to the development of a first 

version of public seismic hazard and risk analysis tool for 

Groningen, validated against the tool of the operator. 

Results of all KEM projects are published on www.kempro-

gramma.nl. 

 

It is clear to the KEM scientific expert panel, which task is to 

help formulating the KEM research questions and reviewing 

the results of KEM projects, that the execution of the KEM 

program relies on (inter)national research groups and it 

cannot address scientific questions requiring more than 

three years of research. Clearly from the KEM perspective 

the DeepNL program is crucial, as it focuses on unresolved 

scientific questions concerning seismic hazards and risks.   

 

KEM is convinced that the combination of the DeepNL and 

KEM research programs has high added value for the Dutch 

society. They facilitate the development of a set of national 

(publicly available) methods and instruments to assess 

subsidence, seismic and fluid leakage hazard risks related 

to mining activities. Connected with relevant monitoring 

data, for example by KNMI or BRO, important steps will be 

made to provide authorities and the public with state of the 

art information.  

 

 

 

KEM sees significant added value in intensifying the current 

collaboration and exchange of expertise and information. 

Current understanding also suggests that it would be 

beneficial to start up new scientific programs on salt and 

leakage risks. 

 
Frank Baaijens 
Chair of the international scientific expert panel of KEM 

 
Photo with courtesy of TU/e
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21 February 

Annual DeepNL Stakeholders Meeting  

During the annual DeepNL Stakeholder Meeting the eight 

DeepNL research projects will present their progress and 

present their research teams. The meeting is aimed at inter-

ested scientists and stakeholders from knowledge 

institutes, public-, and private sectors. There will also be 

attention for synergy with the Knowledge Programme 

Effects of Mining (KEM) during the meeting as well as time 

for discussion and networking. The day will end with a pres-

entation on future plans and funding opportunities within 

DeepNL. The meeting will take place at NWO Utrecht office.  

 

12-13 March 

NAC2020  

This year the annual Netherlands Earth Sciences Congress 

(NAC) congress will once again be organised by NWO and 

take place in Utrecht. The conference aims to bring together 

all fields of research within the Earth Sciences. From the 

DeepNL network we expect several exiting talks and poster 

presentations by the new researchers. DeepNL principal 

investigators Dr Femke Vossepoel and Dr Oliver Plümper 

are members of the NAC programme committee.  

2 June 

Deadline call for Tenure Track candidates  

The deadline for submitting proposals within the  

DeepNL call for Tenure Track Candidates is 2 June 2020, 

14:00 C(E)ST. 

 

6-10 July  

DeepNL Summer School on Induced Seismicity  

This summer DeepNL expects to organise a summer school 

on induced seismicity. The summer school will cover various 

topics related to induced seismicity with lectures of several 

international experts. It will be aimed at the early career 

researchers within DeepNL but will also be open for 

external participants. The confirmation of the summer 

school with a preliminary programme and registration will 

follow as soon as possible. 

 

November 2020 

Annual DeepNL Scientific Meeting  

Similar to the scientific meeting held on the 15th of 

November 2019, this meeting brings together all DeepNL 

research projects and the Programme Committee. The 

focus lies on sharing progress and results, discuss plans 

and activities and strengthen the coherence of the 

programme.  

 

LOOKING AHEAD

Now that all research projects from the first DeepNL funding round have started, we look forward to  

a year with the first substantial results, the development of new DeepNL projects, a broadening of the 

DeepNL network and a strengthening of the collaborations.  

 
 

 

Activities and meetings foreseen for 2020
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Selection of relevant conferences and meetings

16-21 February: 

10th Munich Earth Science School   

This winter school focuses on methodologies relevant  to 

inverse problems in Earth Sciences. Prof. Jeannot Trampert 

will give a lecture on linear and linearized inverse problems, 

norms, iterative methods and applications. 

 

3-8 May 

EGU 2020  

The EGU General Assembly 2020 will bring together 

geoscientists from all over the world to one meeting 

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. 
 
11-14 May 

22nd European Regional Seminar: Induced 
Seismicity due to Human Activities   

This 4-day seminar hosted at the Zernike Campus in 

Groningen will be devoted to invited lectures, presentations 

by early career scientists and a field trip to the gas field on 

day 4. DeepNL researcher Dr Mandy Korff will present her 

work on day 2, Session 3 - Geotechnical Issues. Topics that 

will be covered during the sessions include  i) Geological & 

Geophysical Aspects, ii) Hazard & Risk, iii) Geotechnical 

Issues, iv) Seismic Monitoring, v) Structural Assessment & 

Strengthening, and vi) Structural Experiments and 

Modelling. The meeting is organized by the European 

Association of Earthquake Engineering (EAEE) and the 

Dutch Earthquake Engineering Association (DEEA). 

 

8-11 June  

EAGE 2020 conference  

The European Association of Geoscientists & Engineers 

(EAGE) conference is held at the RAI in  Amsterdam this 

year. This year’s theme “Delivering for the ENERGY 

CHALLENGE: today and tomorrow” addresses the greatest 

challenges facing industry today: energy security, energy 

equity and environmental sustainability. As geoscientists 

and engineers, we all have a role to play in regaining collec-

tive ownership and responsibility of these issues, both today 

and tomorrow. The organisers expect over 6000 visitors. 

DeepNL principal investigator  

Dr Femke Vossepoel serves as  

a member of the EAGE Local 

Advisory Committee.  

 

28 June-02 Juli:  

GeoMod 2020  

The GeoMod conference will be hosted close to Utrecht  

and is a biennial international conference dedicated to the 

latest results of analogue and numerical modelling in the 

Geosciences. The main aim of the conference 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 organizing committee. 

 

24-26 August:  

GeoUtrecht 2020  

DGGV organizes the GeoUtrecht 2020 Annual Conference 

& Exhibition in collaboration with KNGMG, PalGes and 

EAGE under the theme "EARTH – Treasures, Threats, 

Transitions". The meeting looks to attract an international 

audience of some 800 geoscientist.  

 
6-11 September:  

ESC2020  

The 37th General Assembly of the European Seismological 

Commission will be held in Corfu Greece 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 seis-

mology, historical seismology and microseismology, recent 

significant earthquakes, earthquake secondary effects, as 

well as education, outreach and societal implications. 

 

 

 

 



The DeepNL programme was founded with the plan to have 

several funding rounds, an earmarked budget for opportun-

ities 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 (‘PPS-

toeslag’). This makes the total programme budget currently 

24.23 M€. The figure below provides an schematic overview 

of the distribution of the budget over the different calls and 

activities of the programme. 
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Funding round 1a 
2018 

Focus: Excellent research projects 
relevant for DeepNL’s objectives and 
challenges 

Awarded: €8,831,353 

Funding round 2a 
2020 

Focus: Small research projects, 
broadening and knowledge gaps.  
To be developed. 

Reserved: ~€2,000,000

Opportunities 

Focus: Opportunities, integration, 
application etc.. To be determined. 

Reserved: €1,000,000

Funding round 1b 
2019-2020 

Focus: Tenure Track candidates 

Reserved: €2,250,000 

Funding round 2b 
2022/2023 

Focus: To be determined. 

Reserved: ~€8,000,000

Programme Activities 

Network activities, outreach and 
communication 

Reserved: €1,000,000

Realisation costs 

NWO & Programme Committee 

Reserved: €900,000

Total budget DeepNL: M€ 24.23

                                    NAM contribution: M€ 15                                                NWO contribution: M€ 5      PPP Allowance: M€ 4.23

Future calls and overview DeepNL budget 



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. Presently it is expected that the programme will  

be realised as shown in the figure below, but ultimately  

the board of the NWO domain science will decide on the 

publication of calls. In December 2019 a call for Tenure 

Track Candidates was launched and it is expected that in 

the course of 2020 a call for small research projects (i.e. one 

research position) will be developed and published mid 

2020. The tentative focus of this latter call lies on broad-

ening the DeepNL network and addressing knowledge 

gaps.
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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 - Large research projects

  1b - Tenure Track research  Call 1b 

  2a - Small research projects (~1 PhD) - to be determined  Call 2a 

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

  Call 1a

2018 2019 2020 2021 2022 2024 2025 2026 2027 20282023
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Organisation of DeepNL 
 
NWO Domain Science Board  
DeepNL falls under the responsibility of the NWO Domain 

Science Board. The board decides about the structure and 

publication of funding rounds, the awarding of funding to 

research proposals and the appointment of committees.  

 
DeepNL Programme Committee 
The programme committee is the driving force in realising 

DeepNL's overarching objectives and is appointed by the 

NWO Domain Science Board. It monitors the coherency 

and progress of the research, initiates activities that facili-

tate 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 oppor-

tunities and programme activities. 

APPENDIX

Prof. Rinus Wortel 
Chair 
Utrecht University

Prof. Arwen Deuss 
Utrecht University

Dr Giovanni Bertotti 
Delft University of Technology

Prof. David Smeulders 
Eindhoven University of Technology

Dr Hanneke Verwey 
former TNO

Prof. Janos Urai 
RWTH Aachen

DeepNL Programme Committee
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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 selection committee(s). The 

programme office supports the activities developed within 

the network and facilitates the overall communication and 

outreach activities of DeepNL. 

 

International advisory committee 

During the course of 2020, NWO will appoint an inter-

national advisory committee. The members will be 

renowned scientists who will evaluate the progress of the 

projects and the entire DeepNL programme from an inter-

national perspective and will advise on any adjustments 

needed. 

 

Dr Martijn Deenen 
Head Earth Sciences & Astronomy

Dr Jeroen van Houwelingen 
Coordinator DeepNL

Dr Niels van den Berg 
Coordinator DeepNL

Cindy Remijnse-Schrader 
Coordinator DeepNL

René Prop 
Communication officer

NWO Programme Office  
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Dr Auke Barnhoorn 
Delft University of Technology  
 
• Co-PI: Science4Steer: a scientific basis for 

production and reinjection strategies to 

minimize induced seismicity in Dutch gas 

fields.  

• Co-PI: DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of 

induced seismicity.

Dr Ylona van Dinther 
Utrecht University 
 
• Co-Pl: InFocus: An Integrated Approach to 

Estimating Fault Slip Occurrence.

Prof. Martyn Drury  
Utrecht University 
 
• Co-Pl: A multi-scale, multi-physics 

framework for modelling the geomechanical 

response of sandstone reservoirs to pore 

fluid extraction.

Dr Rob Govers 
Utrecht University 
 
• Co-Pl: Monitoring and Modeling the 

Groningen Subsurface based on integrated 

Geodesy and Geophysics: improving the 

space-time dimension.

Dr Deyan Draganov 
Delft University of Technology  
 
• Co-Pl: DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of 

induced seismicity..

Dr Ranajit Ghose 
Delft University of Technology 
 
• Co-Pl: DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of 

induced seismicity.

Dr Hadi Hajibeygi 
Delft University of Technology  
 
• Co-Pl: Science4Steer: a scientific basis for 

production and reinjection strategies to 

minimize induced seismicity in Dutch gas 

fields.

Dr Suzanne Hangx 
Utrecht University 
 
• PI: A multi-scale, multi-physics framework for 

modelling the geomechanical response of 

sandstone reservoirs to pore fluid extraction. 

• Co-Pl: Science4Steer: a scientific basis for 

production and reinjection strategies to 

minimize induced seismicity in Dutch gas 

fields.

Prof. Ramon Hanssen 
Delft University of Technology  
 
• PI: Monitoring and Modeling the Groningen 

Subsurface based on integrated Geodesy 

and Geophysics: improving the space-time 

dimension.

Dr Mark Dekkers 
Utrecht University 
 

• Co-Pl: Probing the micromechanics of small 

magnitude earthquake slip. 

Overview of principle investigators and associate project leaders 
Principle Investigators (PI) and Associate Project Leaders (co-PI) 
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Prof. Michael Hicks 
Delft University of Technology  
 
• PI: SOFTTOP: Investigating heterogeneous 

soft top soils for wave propagation, cyclic 

degradation and liquefaction potential.

Prof. Cristina Jommi 
Delft University of Technology  
 
• Co-Pl: SOFTTOP: Investigating 

heterogeneous soft top soils for wave 

propagation, cyclic degradation and 

liquefaction potential.

Prof. Jan Dirk Jansen 
Delft University of Technology  
 
• PI: Science4Steer: a scientific basis for 

production and reinjection strategies to 

minimize induced seismicity in Dutch gas 

fields.

Dr Helen King  
Utrecht University 
 
• Co-Pl: 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 
 
• Co-Pl: SOFTTOP: Investigating 

heterogeneous soft top soils for wave 

propagation, cyclic degradation and 

liquefaction potential.

Prof. Marie-Colette van Lieshout 
University of Twente 
 
• Co-Pl: Comprehensive monitoring and 

prediction of seismicity within the Groningen 

gas field using large scale field observations.

Dr André Niemeijer 
Utrecht University 
 
• PI: Probing the micromechanics of small 

magnitude earthquake slip. 

• Co-Pl: InFocus: An Integrated Approach to 

Estimating Fault Slip Occurrence. 

Dr Hanneke Paulssen 
Utrecht University 
 
• Co-Pl: Comprehensive monitoring and 

prediction of seismicity within the Groningen 

gas field using large scale field observations.

Dr Oliver Plümper 
Utrecht University 
 
• Co-Pl: A multi-scale, multi-physics 

framework for modelling the geomechanical 

response of sandstone reservoirs to pore 

fluid extraction.

Dr Kathrin Smetana 
University of Twente 
 
• Co-Pl: Comprehensive monitoring and 

prediction of seismicity within the Groningen 

gas field using large scale field observations.
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Prof. Chris Spiers 
Utrecht University 
 
• Co-PI: Science4Steer: a scientific basis for 

production and reinjection strategies to 

minimize induced seismicity in Dutch gas 

fields.

Dr Cedric Thieulot 
Utrecht University 
 
• Co-PI: A multi-scale, multi-physics 

framework for modelling the geomechanical 

response of sandstone reservoirs to pore 

fluid extraction.

Dr Esther Stouthamer 
Utrecht University 
 
• Co-PI: Monitoring and Modeling the 

Groningen Subsurface based on integrated 

Geodesy and Geophysics: improving the 

space-time dimension.

Prof. Jeannot Trampert 
Utrecht University 
 
• PI: Comprehensive monitoring and 

prediction of seismicity within the Groningen 

gas field using large scale field observations.

Dr Denis Voskov 
Delft University of Technology  
 
• Co-PI: Science4Steer: a scientific basis for 

production and reinjection strategies to 

minimize induced seismicity in Dutch gas 

fields.

Dr Femke Vossepoel 
Delft University of Technology 
 
• PI: InFocus: An Integrated Approach to 

Estimating Fault Slip Occurrence. 

• Co-PI: Monitoring  

and Modeling the Groningen Subsurface  

based on integrated Geodesy and Geophysics: 

improving the space-time dimension.

Prof. Kees Wapenaar 
Delft University of Technology  
 
• PI: DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of 

induced seismicity.

Dr Kees Weemstra 
Delft University of Technology / KNMI 
 
• Co-PI: DeepImage: Multi-scale geophysical 

imaging, monitoring and forecasting of 

induced seismicity.



List of abbreviations 

 
BRO: Basisregistratie Ondergrond 

CWI: Centrum voor Wiskunde en Informatica 

DEM: Discrete element method  

ELS: Earth Simulation Lab  

EPOS: European Plate Observatory  

ERIC: European Research Infrastructure Consortium  

EZK: Ministry of Economic Affairs and Climate Policy 

FAIR: Findable Accessible Interoperable Reusable  

FEM: Finite element method 

HPC: High-performance computing  

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 

NWO: Dutch Research Council 

PPP: Public-private partnership 

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 

UCSC: University of California, Santa Cruz 

UT: University of Twente 

UU: Utrecht University 

VU: Vrije Universiteit Amsterdam 

WP: Work package 
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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 Jeroen van Houwelingen 

T: +31 (0)30 600 12 44 

 

Dr Niels van den Berg 

T: +31 (0)70 349 44 05 

 

Cindy Remijnse-Schrader  

T: +31 (0)70 349 42 91 

 

February 2020
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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

The aim of the research programme 

DeepNL is to improve the 

fundamental understanding of the 

dynamics of the deep subsurface 

under the influence of human 

activities. This publication is the 

programme’s second annual report.
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