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1 | Introduction and background

This is the first report about the progress of the research programme DeepNL. This programme funds research into the 

deep subsurface of the Netherlands. The Netherlands can benefit from  exploiting the geo-resources in its deep 

subsurface. However, we need to know what risks and harmful consequences this could bring about. We must be able 

to adequately respond to the recent subsidence and earthquake activity in Groningen, and that requires new 

knowledge. More than 100 years of research, mainly by TNO-Geological Survey of the Netherlands and its predecessors, 

has yielded extensive information about the structure and composition of the subsurface. Nevertheless, we still know 

too little about the processes that occur underground in the Netherlands as a result of human interventions. 

There is a need for quantitative models that can serve as the basis for predictions, scenario development and risk 

analyses with respect to soil subsidence and earthquake activity. What we know about the development of natural 

earthquakes cannot simply be applied to the earthquakes in Groningen. The seismicity induced by human actions in the 

North of the Netherlands differs from that of natural earthquakes in various ways: the active forces and stresses, the 

ever-changing material properties as a consequence of the gas extraction, and also the complex structure of the Dutch 

subsurface, with a very densely branched systems of faults. 

DeepNL brings together researchers from various Dutch universities and institutes and consolidates their expertise. The 

aim of the programme is to improve the fundamental understanding of the behaviour of the deep subsurface 

influenced by human activities. In addition, DeepNL wants to strengthen the research community in the Netherlands 

around this theme. DeepNL will disseminate the knowledge and data generated, both within the scientific network 

and to professional users (such as government bodies, supervisory bodies, civil society organisations and industry), as 

well as the general public.

Initially, DeepNL will focus on improving models and predictions of ground movements as a consequence of gas 

extraction in Groningen. The societal and economic relevance and urgency of this focus are abundantly clear. The 

recent large increase in measurement data from the subsurface in this area provides a highly promising starting point 

for innovative scientific research and the development of new insights. The knowledge developed can serve as a 

platform for a later expansion towards other forms of human intervention in the deep subsurface of the Netherlands, 

such as salt mining, geothermal-energy extraction and CO2 storage. 

DeepNL provides a response to an advisory report from the Dutch Safety Board entitled “Earthquake risks in 

Groningen” (2015) in which it was noted that insufficient attention had been paid in the past to the development of 

knowledge related to gas extraction in Groningen. The board advised strengthening the research obligation of mining 

companies and advised NWO, mining companies and the Ministry of Economic Affairs and Climate Policy to ensure that 

a structural and long-term research programme into this issue is carried out with integral, independent scientific and 

applied research.

DeepNL's total budget is about 24 million euros; NAM contributes 15 million euros, NWO 5 million euros and the 

Netherlands Enterprise Agency 4 million euros in the form of PPP Allowance. The programme is realised independently 

under the responsibility of NWO. DeepNL is realised by selecting the qualitatively best research proposals via various 

funding rounds that make use of independent scientific assessment (see Appendix 7.1 for DeepNL's structure). 

The research programme started in 2018 with the first funding round. This first annual report of the DeepNL 

programme therefore focusses on this first funding round and the research projects selected in it. The overarching aim 

of DeepNL can only be realised if these projects form a coherent and integrated programme. The programme 

committee views facilitating this integration as a key aspect of its task. We look forward to keeping you informed 

about the progress and results of the research over the coming years. 

Prof. Rinus Wortel, chair programme committee DeepNL
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2 | Organisation

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's organisation structure is shown in the figure below.

International advisory 
committee NWO Domain Science Board

Research projects

DeepNL programme 
committee NWO office

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, organises activities that facilitate 

coherency within the programme together with the NWO 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 small projects and programme activities.

em. Prof. Rinus Wortel,  

Utrecht University, chair

Dr Giovanni Bertotti,  

Delft University of Technology

Prof. Arwen Deuss,  

Utrecht University
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Prof. David Smeulders,  

Eindhoven University of  

Technology

Prof. Janos Urai,  

Rheinisch-Westfälische Technische 

Hogeschool (RWTH) Aachen

Dr Hanneke Verwey,   

former Netherlands Organisation 

for applied scientific research

NWO 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 acts a 

point of contact for DeepNL and the secretaries for the programme committee, international advisory committee and 

selection committee(s). 

Dr Martijn Deenen 

Head Earth Sciences  

& Astronomy

Dr Niels van den Berg 

Coordinator DeepNL

Dr Jeroen van Houwelingen 

Coordinator DeepNL

René Prop 

Communication officer
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International advisory committee

During the course of 2019, NWO will appoint an international advisory committee. The members will be renowned 

scientists who will evaluate the progress of the projects and the entire DeepNL programme from an international 

perspective and will advise on any adjustments needed.

Contacts with stakeholders

In 2018, the first meetings took place between the chairs and coordinators of DeepNL and the Knowledge Programme 

Effects of Mining (KEM), which was appointed by the Ministry of Economic Affairs and Climate Policy. Unlike DeepNL, 

KEM focuses more on short-term and applied knowledge questions. It is crucial to utilise the synergy between the two 

programmes and to exchange research plans and results.
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3 | Progress until the end of 2018

 – Programme description and agreement between NWO-NAM

Following the publication of the report “Earthquake risks in Groningen” by the Dutch Safety Board, the contours of 

the scientific programme were drawn up. From these contours, the two important governance pillars of the 

DeepNL programme emerged in 2017: i) the programme description with the objectives, scientific challenges and 

contours of the required results and ii) the contract in which NWO and NAM recorded their contribution to DeepNL 

as well as agreements about the independent realisation of the programme. 

 – Publication funding round 1a  

The first funding round for proposals opened on 14 December 2017.

 – Expression of interest and workshop 

29 expressions of interest were submitted by the deadline of 15 February 2018. These brief descriptions of research 

plans were not assessed but used as input for a workshop on 6 March 2018 that aimed to facilitate mutual 

collaboration and coherency between projects.

 – Full proposals

Researchers were given the opportunity to revise the research plans, and by the deadline of 17 April 2018, 24 full 

proposals had been submitted and declared admissible.

 

 – Appointment programme committee

The NWO Domain Science Board appointed the programme committee of DeepNL on 26 April 2018. 

 – Review process and rebuttal 

Every proposal was evaluated by three or four independent international referees, after which the applicants were 

given the opportunity to submit a rebuttal. NWO approached a total of 366 referees, and 91 reviews were received. 

 – Selection committee 

The NWO Domain Science Board appointed an independent international selection committee to assess and 

prioritise the 24 proposals (including referees reports and rebuttals) based on the three main criteria from the call 

for proposals. The selection meeting took place on 4 October 2018 and the committee members were:  

 – Dr Edo Boek (Queen Mary University of London, UK);

 – Dr Clare Bond (University of Aberdeen, UK);

 – Prof. Gary Couples (Heriot Watt University, UK);

 – Prof. Rune Holt (Norwegian University of Technology, Norway);

 – Dr Frederik J. Simons (Princeton University, USA);

 – Prof. Stefan Wiemer (ETH Zurich / Swiss Seismological Service, Switzerland);

 – Prof. Frank Wuttke (Kiel University, Germany).

 – Eight projects awarded funding

Based on the selection committee's advice and the budget reserved, the NWO Domain Science Board decided on  

8 November 2018 to award funding to the eight proposals with the highest ranking. The total budget awarded was 

€ 8,831,353.

 – PPP Allowance

The Dutch government has established an allowance scheme to encourage private financial contributions to public-

private partnerships (PPP) between companies and research organisations. As the official secretary of DeepNL, 

NWO submitted an application in December 2018 to the Netherlands Enterprise Agency for this PPP Allowance. This 

grant application was approved and a maximum additional budget of 4,230,000 euros will be made available to 

fund research within DeepNL.
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4 | Overview projects awarded funding in 2018

The eight projects awarded funding have a joint budget of almost 9 million euros. These funds will largely be used for 

the appointment of PhD candidates, postdoc researchers and non-scientific personnel. They will carry out research 

under the supervision of eight project leaders and twenty associate project leaders. In addition, part of the budget is 

reserved for laboratory experiments, fieldwork and equipment. Various projects will be realised by teams that 

represent several scientific disciplines, and four of the projects are collaborations between two universities.  

 

28 (associate) Project leaders
64% Men / 36% Women

 

UU 13

TUD 11

UT 1

TUD/KNMI 1

TUD/Deltares 1 UT/CWI 1

Total budget € 8.831.353
86% Personnel / 14% Material

24 PhD’s 4 Non-scientific 
personnel

7 Postdocs

8 projects
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Overview project characteristics

The eight projects awarded funding from the first funding round of DeepNL form the basis for the research 

programme. The overview below states the most important project characteristics. The projects are clustered in three 

groups based on their research focus. For each project, the project leader is stated in bold letters followed by the 

associate project leaders.

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. Martin 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: 2 PhDs

 – 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

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 Kees Weemstra (TUD / KNMI);  

Dr Auke Barnhoorn (TUD); Dr Ranajit Ghose (TUD)

Budget: € 1.053.152; Personnel: 4 PhDs

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 liquefaction 

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
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These first projects address a large part of the challenges and requirements from the DeepNL programme description. 

This is schematically illustrated in the table below. Future funding rounds will focus on filling knowledge gaps and 

using new insights.

Contribution of the projects to DeepNL's scientific challenges

Hangx Jansen Niemeijer Vossepoel Trampert Wapenaar Hanssen Hicks

Seismic data analysis, imaging & monitoring X X

Rock & Fault Physics X X X X X

Geomechanics & ground motion modelling X X X X X X

Multiphase fluid flow X X

Mathematical up- & down-scaling X X X X X

Advanced data processing X X X

Integration of methodologies X X X X

Start and synergy

Research in the projects will start in 2019, and projects will have a duration of about four years. The DeepNL 

programme will strive to achieve an optimal synergy between the projects, with attention for the exchange and 

integration of the data, knowledge and models developed. Joint plans for data management, outreach and training 

will also be developed.
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5 | Description of projects in 2018

Project leader

Dr Suzanne Hangx 
Utrecht University 
Expertise: Experimental 
Rock Mechanics, 
Microphysical Theory, 
Fluid rock, Interactions

Associate project 

leaders

Prof. Martyn Drury  
Utrecht University 
Expertise: Structural 
Geology, Microscopy

Dr Helen King 
Utrecht University 
Expertise: Mineralogy, 
Isotope Geochemistry

5.1 | A multi-scale, multi-physics framework for modelling the 
geomechanical response of sandstone reservoirs to pore fluid 
extraction (Dr Hangx)

Ongoing subsidence: how low can it go?

Extracting fluids such as natural gas from the deep subsurface often leads to subsidence and 

tremors. The cause lies in reservoir compaction driven by an increase in effective load from 

the rock above due to decreasing fluid pressure. However, we still cannot accurately predict 

the surface impact of fluid production in the longer term. A key obstacle for obtaining 

appropriate predictive models is thatthe underlying physical and chemical mechanisms 

responsible for reservoir compaction are insufficiently known and have not been quantified 

under realistic pressure and temperature conditions. We will quantify the mechanisms 

responsible for subsidence and seismicity in order to enable long-term predictions via 

computer models.

‘We are very enthusiastic about how we will integrate experimental work, 

microstructure analysis and modelling. This will enable us to advance our 

understanding of what exactly happens when we realise subsurface activities in 

the Netherlands! This has not previously been done in a single study.’

Overview of the integrated approach needed for the accurate modelling of reservoir 

deformation. Our project focuses on the further development of Discrete Elements 

modelling through a better understanding of the physical and chemical processes that take 

place on grain contacts, combined with a description of the contact stress evolution. For the 

scaling up to the reservoir scale, this project will join forces with other projects within 

DeepNL programme.

‘At present, models that make predictions for reservoir compaction and 

seismicity are still mainly based on empirical laws. We want to provide a  

physical basis for these models to make more accurate predictions possible.’
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Dr Oliver Plümper 
Utrecht University 
Expertise: Structural 
Geology, Microscopy

Dr.Cedric Thieulot 
Utrecht University
Expertise:  
Geodynamics, Finite  
Element Modelling

‘Our project will not only contribute to better predictions of subsidence and 

seismicity in gas fields but also to predicting the behaviour of the subsurface 

during other types of use, such as geothermal energy or CO2 storage.’

Work package 1 Work packaget 2

Experimental identification of 

deformation mechanisms

Microstructural analysis of deformation 

in natural and lab-deformed samples

PhD 1 

Utrecht University

Expertise: rock mechanics

PhD 2

Utrecht University

Expertise: microstructural analysis

Coordination:

Suzanne Hangx / Helen King /  

Chris Spiers (supervisor)

Coordination:

Martyn Drury (supervisor) /  

Oliver Plümper

Work package 3

High-resolution FEM modelling of the 

grain and grain contact deformation 

and implementing grain contact 

interaction laws into existing DEM codes

Postdoc 1

Utrecht University

Expertise: FE & DE modelling

Coordination:

Suzanne Hangx / Cedric Thieulot

 ‘Thanks to the DeepNL programme, we will obtain a fundamental 

understanding of the dynamics of the Dutch subsurface that will enable us to 

estimate the influence of our subsurface activities. This is not just important for 

gas extraction but in the longer term for the energy transition too.’
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Project leader

Prof. Ramon Hanssen 
Delft University of 
Technology 
Expertise: geodesy, 
satellite remote sensing, 
subsidence

Associate project 

leaders

Dr Femke Vossepoel 
Delft University of 
Technology 
Expertise: data-
assimilation

Dr Esther Stouthamer 
Utrecht University 
Expertise: physical 
geography, quaternary 
geology, subsidence

Dr Rob Govers 
Utrecht University
Expertise: geodynamic 
modelling, induced 
seismicity

5.2 | Monitoring and Modelling the Groningen Subsurface based 
on integrated Geodesy and Geophysics: improving the space-time 
dimension (Prof. Hanssen)

Soil subsidence: inconvenience or source of subsurface information?

Soil subsidence is an inconvenient consequence of various subsurface processes. At the same 

time, it is also one of the most important source of information to gain a better 

understanding of these processes and make them safer. Using the latest satellite techniques 

in combination with an optimal modelling of the deep and shallow subsurface, we will 

investigate how we can use improved measurement and modelling methods in an 

integrated manner to gain a better understanding of the subsurface.

‘For the first time we view geodetics data and modelling explicitly as mutually 

correlated information rather than independent entities.’

InSAR cumulative vertical displacement with the coastlines (dotted line), gas reservoir 

(white lines), faults (black lines), earthquakes (black circles), and gas sources (white circles) 

projected onto it.

‘We expect to be able to present an integrated methodology in which the 

complexity of the subsurface can be better characterised and that we can use 

to make better predictions about the consequences of human intervention in 

this subsurface.’
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‘We expect to be able to more quickly demonstrate when changes in gas 

production will give rise to effects: in other words, we will link cause and effect 

and clarify measurements. This will enable us to adjust the process faster and 

more effectively. We also expect that this capability will have a positive effect on 

the predictability of induced seismicity.’

Work package 1 Work package 2

Improvement of geodetic models and 

parameter estimation: InSAR data

Improvement of geophysical models at 

sub-Holocene depths: reservoir and 

overburden

PhD 1 

Delft University of Technology

Expertise: geodesy

PhD 2

Utrecht University

Expertise: geophysics

Coordination: 

Ramon Hanssen

Coordination: 

Rob Govers

Work package 3 Work package 4

Improvement of geophysical models at 

Holocene and Pleistocene depths: soils, 

hydrology and water management

Data assimilation: analysis of model-

data differences to help quantify model 

uncertainties

PhD 3

Utrecht University

Expertise: quaternary geology

PhD 4

Delft University of Technology

Expertise: data assimilation

Coordination: 

Esther Stouthamer

Coordination: 

Femke Vossepoel

Work package 5

Advancement of numerical data 

processing techniques (cross cutting 

WP1-4)

IT non-scientific personnel  

Delft University of Technology

Expertise: high-performance computing

Coordination: 

Ramon Hanssen

‘We expect that the DeepNL programme will become an active and assertive 

pool of young researchers, with their eyes on the ball, and with plenty of 

discussions and mutual interaction.’
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Project leader

Prof. Michael Hicks
Delft University of 
Technology
Expertise: heterogeneity, 
liquefaction, soil 
mechanics, numerical 
modelling, stochastic 
analysis

Associate project 

leaders

Prof. Cristina Jommi
Delft University of 
Technology
Expertise: soil mechanics, 
soft soil behaviour, 
constitutive modelling

Dr Mandy Korff
Delft University of 
Technology / Deltares
Expertise: soil-structure 
interaction, liquefaction

5.3 | SOFTTOP: Investigating heterogeneous soft top soils for wave 
propagation, cyclic degradation and liquefaction potential (Prof. Hicks)

How does the heterogeneous and weak top player behave during an earthquake in 

Groningen?

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 variations of 

material characteristics in the shallow subsurface and specific characteristics of sand and 

clay layers (non-linear behaviour and degradation), combined with aspects of induced 

earthquakes, such as short-duration repetitive loading, play a key role in this. Methods for 

reliability analyses of the heterogeneous shallow subsurface will be developed during the 

research. The development of new dynamic test facilities, combined with laboratory tests, 

field tests and the development of material models will result in recommendations for 

practice and prototype analysis methods.

‘This project will help us to combine variations in the shallow subsurface at 

several scales based on new results from lab and field experiments and models, 

so that we can make better predictions of how the shallow subsurface behaves 

during earthquakes.’

Diagram of the multiscale, multi-physics framework of SOFTTOP.

‘This is a unique opportunity to combine Random Field theory with lab and field 

experiments to realise a working model for subsurface behaviour in Groningen.’
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‘We will provide a basis for decisions that will be taken with respect to 

earthquakes in Groningen.’

Work package 1 Work package 2

RFEM analysis framework for 

heterogeneous soils

Constitutive model for laminated sand

Postdoc 1 

Delft University of Technology

Expertise: numerical modelling

PhD 1

Delft University of Technology

Expertise:  laboratory testing, 

constitutive modelling

Coordination: 

Michael Hicks

Coordination: 

Michael Hicks / Mandy Korff

Work package 3

Constitutive model for organic clay

PhD 2 & Non-scientific personnel 1

Delft University of Technology

Expertise: laboratory testing, 

constitutive modelling

Coordination: 

Cristina Jommi / Wout Broere

‘DeepNL strengthens the predictive capacity of the influence of earthquakes on 

the subsurface by combining knowledge of the deep and shallow subsurface in 

a collaboration between different research groups. This will put the Netherlands 

on the map as a knowledge centre for induced earthquakes and other mining-

related subjects.’
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Project leader

Prof. Jan Dirk Jansen 
Delft University of 
Technology 
Expertise: control 
and optimization 
of subsurface flow, 
numerical simulation

Associate project 

leaders

Prof. Chris Spiers 
Utrecht University 
Expertise: experimental 
rock mechanics, 
mechanical and 
transport properties of 
rock materials under 
subsurface conditions

Dr Auke Barnhoorn 
Delft University of 
Technology 
Expertise: experimental 
rock mechanics, 
fracturing, 3d rock 
structure visualisation, 
petrophysics, acoustic 
properties

5.4 | Science4Steer: a scientific basis for production and reinjection 
strategies to minimise induced seismicity in Dutch gas fields  
(Prof. Jansen)

Understanding to manage 

What happens in the subsurface during the production, injection or storage of gas? Does 

suddenly stopping the production from a gas well in Groningen help to prevent 

earthquakes, or does it provoke new ones? What are the effects of production and injection 

during the underground storage of gas? How does the reservoir rock behave under the 

influence of fluctuating pressure and stress? Our Science4Steer research will address these 

questions with laboratory experiments and computer models that will help society make 

better decisions. Many aspects play a role in this decision-making process, and many factors 

contribute to it. The role of science is to provide knowledge about how we can steer 

subsurface activities safely.

‘In Science4Steer, we will seek close collaboration and integration between 

thorough experimental research and numerical models and predictions.’

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 work packages.

‘We expect to be able to more accurately predict what will happen in reservoirs 

upon injection or cyclical injection/production, such as for subsurface storage.’
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Dr Hadi Hajibeygi 
Delft University of 
Technology 
Expertise: multiscale 
modeling and numerical 
simulation of multiphase 
flow and mechanics in 
complex heterogeneous 
porous media

Dr Suzanne Hangx 
Utrecht University 
Expertise: experimental 
rock mechanics, physical 
and chemical processes 
that control rock 
material behaviour in 
the subsurface

Dr Denis Voskov 
Delft University of 
Technology 
Expertise: modelling and 
numerical simulation 
of complex subsurface 
systems, reactive flow 
and transport, complex 
physical processes, high-
performance computing

‘The methods we develop could provide a basis for making decisions in the 

Netherlands in the future regarding the safe injection and production for the 

storage of natural gas or hydrogen, for example.’

Work package 1 Work package 2

Compaction and decompaction 

behaviour of Rotliegendes reservoirs

Physical experiments to determine the 

frictional response of faults

Postdoc 1 & Non-scientific personnel 1

Utrecht University

Expertise: experimental rock mechanics

Postdoc 2 & Non-scientific personnel 1

Utrecht University

Expertise: experimental rock mechanics

Coordination: 

Chris Spiers

Coordination: 

Suzanne Hangx

Work package 3 Work package 4

Physical experiments to determine 

mechanical and acoustic properties

Model development and upscaling

PhD 1 & Non-scientific personnel 2

Delft University of Technology

Expertise: experimental rock mechanics

PhD 2

Delft University of Technology

Expertise: numerical simulation

Coordination: 

Auke Barnhoorn

Coordination: 

Denis Voskov

Work package 5 Work package 6

Model development and numerical 

experiments to assess temporal and 

spatial changes

Numerical experiments to investigate 

system-theoretical aspects and develop 

control strategies

PhD 3

Delft University of Technology

Expertise: numerical simulation

postdoc 3

Delft University of Technology

Expertise: systems and control

Coordination: 

Hadi Hadjibeygi

Coordination: 

Jan Dirk Jansen

‘DeepNL will form a research community in the Netherlands in which there will 

be close collaboration in the field of effects in the subsurface.’
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Project leader

Dr André Niemeijer
Utrecht University
Expertise: fault and rock 
mechanics, fluid-rock 
interactions

Associate project 

leader

Dr Mark Dekkers 
Utrecht University
Expertise: 
paleomagnetism

5.5 | Probing the micromechanics of small magnitude earthquake slip 
(Dr Niemeijer)

How hot do faults in Groningen become?

Movement during earthquakes generates heat on faults, and this heat weakens the fault. 

We will develop a method to measure temperature anomalies resulting from earthquakes in 

faults outcrops. We will experimentally determine how the production of this heat 

influences the fluid pressure so that we can constrain the evolution of temperature and 

friction for small magnitude earthquakes. This information can be used to improve 

computer models of earthquakes and thus to better estimate the risk of earthquakes.

‘We will develop a new method to measure how hot old faults have been.’

Microstructure of a sample of the Slochteren sandstone with determinations of magnetic 

signals at the microscale. The magnetic signals are a function of temperature that prevailed 

during earthquakes. From this, we can determine what the maximum temperature was.

Field photo and detail of fault in sandstone in Scotland.

‘With our new method we expect to be able to show which small faults, 

comparable with those in the Groningen gas field, have been seismically active.’
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‘Due to the coherency between our two work packages we will be able to 

better estimate the strength of the faults in Groningen during an earthquake. 

This has consequences for the amount of energy that remains to let the ground 

shake.’

Work package 1 Work package 2

Detecting paleo-temperature anomalies Weakening and temperature rise during 

small slip

PhD 1 

Utrecht University

Expertise: paleomagnetism

PhD 2

Utrecht University

Expertise: fault mechanics

Coordination: 

Mark Dekkers / Lennart de Groot /  

André Niemeijer / Wout Krijgsman 

(supervisor)

Coordination: 

André Niemeijer / Amir Raoof /  

Chris Spiers (supervisor)

‘We expect to learn a lot within DeepNL from the collaboration with other 

groups that each have their own expertise. Together will be able to make 

considerable advances in our understanding of the subsurface.’
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Project leader

Prof. Jeannot Trampert
Utrecht University
Expertise: computational 
seismology, inverse 
theory, machine learning

Associate project 

leaders

Dr Kathrin Smetana
Universiteit Twente
Expertise: model 
order reduction, 
randomization, 
numerical mathematics, 
scientific computing

Dr Hanneke Paulssen
Utrecht University
Expertise: observational 
seismology

Prof. Marie-Colette van 
Lieshout
Universiteit Twente & 
CWI
Expertise: stochastic 
geometry, computional 
statistics

5.6 | Comprehensive monitoring and prediction of seismicity within the 
Groningen gas field using large-scale field observations  
(Prof. Trampert)

Comprehensive monitoring of the Groningen gas field

The induced seismicity in Groningen can only be understood through the relation between 

gas extraction and the response of the subsurface. A new approach based on observational 

data is needed to understand the dynamics of the system. This project will monitor 

seismicity and determine changes in stress, reservoir compaction and deformation of the 

overlying layers via seismic data. Advanced tools based on machine learning, model order 

reduction and supercomputing will be developed to model the recorded seismograms and 

to detect subsurface variations.. Changes in the seismic risk as a consequence of variations in 

gas production will be assessed using stochastic modelling.

‘We hope to develop a set of monitoring instruments, which is as complete as 

possible, based on the current measurement data available from the Groningen 

gas field. Amongst other things, this can be used for determining safe and 

responsible production scenarios.’

Travel time measurements between two geophones in the lowest part of the drill hole 

SDM-1 in the Groningen reservoir in 2015. The measurements were made with noise due to 

trains Stedum-Loppersum (red), and Loppersum-Stedum (blue). The variation in travel time 

from 17 July to 2 September was caused by the drilling of ZRP-3 in the reservoir at a distance 

of about 5 km..
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‘The most important scientific contribution is the development of a quasi-real-

time update of physical parameters of the gas field.’

Work package 1 Work package 2

Inference of the 3D structure and 

redetermination of seismic sources 

within the area using all currently 

available seismic data

Model reduction of the forward and 

adjoint problem within SPECFEM3D, a 

spectral element code used for wave 

propagation simulations

PhD 1 

Utrecht University

Expertise: physics, numerical 

mathematics, computational science

PhD 2

University of Twente

Expertise: numerical mathematics, 

computational science

Coordination: 

Jeannot Trampert (supervisor) /  

Jeroen Tromp / Matthias Schlottbohm

Coordination: 

Kathrin Smetana / Matthias Schlottbohm 

/ Jeannot Trampert / Jaap van der Vegt 

(supervisor)

Work package 3

Generation of Green’s functions for 

varying seismic sources and changes in 

geometry, stress, and elastic structure

PhD 3

Utrecht University

Expertise: physics, geophysics

Coordination: 

Hanneke Paulssen / Jeannot Trampert 

(supervisor) / Jeroen Tromp

Work package 4

Development of neural network tools 

for monitoring time dependent 

properties using the Green’s functions as 

training data

PhD 4

Utrecht University

Expertise: physics, geophysics

Coordination: 

Elmer Ruigrok / Jeannot Trampert 

(supervisor)

Postdoc 1

Utrecht University

Expertise: HPC, machine learning, 

inverse problems

Coordination: 

Jeannot Trampert / Jeroen Tromp / 

Kathrin Smetana / Christoph Brune

Work package 5

Application of the monitoring data to 

stochastic decision tools for future 

production scenarios

PhD 5 

University of Twente

Expertise: probability, statistics, 

numerical mathematics, seismology is a 

bonus

Coordination: 

Marie-Colette van Lieshout (supervisor) / 

Jeannot Trampert

‘Together with the other research within DeepNL, we will develop a 

fundamental understanding of the dynamics of the gas field, independently of 

organisations that have an interest in this.’
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Project leader

Dr Femke Vossepoel
Delft University of 
Technology
Expertise: data 
assimiltation

Associate project 

leaders

Dr Ylona van Dinther
Utrecht University
Expertise: earthquake 
physics, seismic
cycle modelling

Dr André Niemeijer
Utrecht University
Expertise: rock physics, 
laboratory experiments

5.7 | InFocus: An Integrated Approach to Estimating Fault Slip 
Occurrence (Dr Vossepoel)

InFocus: getting to grips with fault slip 

Gas production can lead to fault slip in the subsurface, which can result in earthquakes. By 

combining fault slip measurements in the lab with realistic physical models of fault 

behaviour, we can refine the properties and variables of this process. This will enable us to 

better simulate the processes on the fault’s interface, with the ultimate aim of more 

accurately calculating the probability of earthquake occurrence. This research will support 

decision-making by forecasting the outcomes of different gas production scenarios and 

using that information to minimise the effects of earthquakes for society.

‘What makes this project unique is the integration of measurements with 

physical models by applying techniques used for weather predictions. We will 

first test these in the laboratory and subsequently in simplified representations 

of the Groningen gas field.’

The four parts of InFocus and their mutual connections. a) seismological observations in the 

area of Zeerijp, b) simulation results of the poro-visco-elasto-plastic thermo-mechanical 

model with earthquakes and fluid flows, c) rotating discs used in the laboratory 

experiments, and d) example of the estimation of fault stress through data assimilation.

‘On the one hand, we will test whether these techniques can be used for 

estimating fault stresses and forecasting earthquakes. On the other hand, 

we expect that these techniques and the improved physical models will lead 

to a better understanding of the key mechanisms of earthquakes due to gas 

extraction.’
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‘With this research we expect to lay the basis for a system that has a large 

potential to improve forecasting of earthquakes caused by natural gas 

extraction. These tests will also give us more insights into whether forecasting 

of natural earthquakes could be improved.’

Work package 1 Work package 2

Development forward model for 

seismicity and fluid flow in poro-visco-

elasto-plastic media

Application of forward model and 

laboratory experiments to advance 

physical understanding of faults

Postdoc 1 

Utrecht University / Delft University of 

Technology

Expertise: numerical modelling

PhD 1

Utrecht University

Expertise:  numerical modelling, 

laboratory experiments

Coordination: 

Ylona van Dinther / Femke Vossepoel

Coordination: 

Ylona van Dinther /  

Liviu Matenco (supervisor) /  

André Niemeijer

Work package 3

Statistical analysis of seismological data 

and data assimilation experiments

PhD 2

Delft University of Technology

Expertise: data assimilation, data 

analysis

Coordination: 

Femke Vossepoel / Jan Dirk Jansen 

(supervisor) / Ylona van Dinther

‘We expect that connections can be made between disciplines to realise new 

insights. Much is already known about the subsurface of the Netherlands, but 

by combining this knowledge, added value will be created.’
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Project leader

Prof. Kees Wapenaar 
Delft University of 
Technology
Expertise: seismic 
methods

Associate project 

leaders

Dr Deyan Draganov
Delft University of 
Technology
Expertise: seismic 
interferometry

Dr Kees Weemstra
Dove University 
technology / KNMI
Expertise: seismic 
inversion

Dr Auke Barnhoorn
Delft University of 
Technology
Expertise: rock 
mechanics

5.8 | DeepImage: Multi-scale geophysical imaging, monitoring and 
forecasting of induced seismicity (Prof. Wapenaar)

Forecasting the ground motion in Groningen

With this research, we aim  to improve the forecasting of ground motion in Groningen 

caused by possible future earthquakes. This requires the understanding of the onset  of 

seismic activity in the deep subsurface, the propagation of seismic waves through the 

various layers of the earth and how those waves lead to ground motion. To this end, we will 

develop a new forecasting methodology, which combines laboratory experiments with 

seismic modelling and monitoring techniques. This research will contribute to a better 

understanding of the relation between human intervention in the subsurface and the 

effects of this at the Earth's surface.

‘This project offers us the possibility to integrate seismic monitoring and 

modelling techniques at the field scale with measurements in the laboratory.’

(1) 
Seismic imaging and monitoring

Induced seismicity 

(3) 
Numerical seismic modelling

(2) 
Laboratory experiments

Integrated system for imaging and monitoring induced seismicity and forecasting the 

occurrence and effects of possible future induced earthquakes.

‘At the laboratory scale, we can anticipate seismicity before it is observed using 

passive techniques. This project will provide insight into what extent this can be 

upscaled to seismicity at the field scale.’
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Dr Ranajit Ghose
Delft University of 
Technology
Expertise: wave 
propagation

‘With our research, we expect to make more accurate forecasts of ground 

movements caused by possible future earthquakes.’

Work package 1

Development of seismic imaging and monitoring methodology

Methodology for layer-specific imaging 

and monitoring (MLSIM)

Full-waveform inversion of active and 

passive data (FWIAPD)

PhD 1 

Delft University of Technology

Expertise: seismic imaging

PhD 2

Delft University of Technology

Expertise: seismic inversion

Coordination: 

Deyan Draganov / Guy Drijkoningen 

(supervisor) / Kees Wapenaar 

(supervisor)

Coordination: 

Kees Weemstra, Läslo Evers (supervisor) 

/ Kees Wapenaar (supervisor)

Work package 2 Work package 3

Laboratory experiments: early detection 

of stress changes, failure and seismicity 

in rocks using acoustic techniques

Numerical seismic modelling

PhD 3

Delft University of Technology

Expertise: rock mechanics

PhD 4

Delft University of Technology

Expertise:  wave propagation

Coordination: 

Auke Barnhoorn, Evert Slob (supervisor) 

/ Kees Wapenaar (supervisor)

Coordination: 

Ranajit Ghose (supervisor) /  

Wim Mulder (supervisor)

‘DeepNL will make an important contribution to insight into the relation 

between human intervention in the subsurface and the effects of this on the 

surface.’
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6 | Looking ahead

The actual DeepNL research activities will start in 2019. Harmonisation between projects and the contact with other 

research programmes and stakeholders will receive special attention in the programme management. Parallel to the 

research, the first meetings will take place and the communication activities will be started.

 – Kick-off meeting DeepNL

On 7 February 2019, research leaders from the projects will present their research plans to an audience composed of 

researchers, the programme committee and stakeholders. An initial alignment between the different projects will 

take place. Attention will also be devoted to the synergy with the Knowledge Programme on Effects of Mining and 

the future plans and possibilities within DeepNL. This meeting will recur as an annual DeepNL symposium during 

which the progress and results will be shared with stakeholders.

 – DeepNL projects start  

The various projects from funding round 1a shall recruit personnel in the first half of 2019 and start their research 

activities.

 – Netherlands Earth Sciences Congress

On 14 and 15 March 2019, the Netherlands Earth Sciences Congress (NAC) will take place in Utrecht, and at this 

event, researchers involved in DeepNL, the EPOS-NL infrastructure project and the Knowledge Programme on 

Effects of Mining will come together.  

 – Synergy between DeepNL projects 

The programme committee and the NWO office, together with the project leaders, will elaborate the plans for the 

interaction between projects, scientific meetings, training of researchers, data management, interaction with 

stakeholders and communication to the general public.

 – Synergy with other research programmes

Among other actions, connections will be made between the complimentary projects of DeepNL and the 

Knowledge Programme on Effects of Mining.

 – Appointment international advisory committee

The NWO Domain Science Board will appoint an international advisory committee for monitoring the progress of 

the projects and the entire DeepNL programme.

 – Short-term programming

The programme committee and the NWO office will develop plans for funding round 1b, which will focus on talent 

and the strengthening of the research field. The needs and possibilities for small projects (e.g. pilot projects, 

integration and international exchange) will also be explored.

 – 7th International Conference on Coupled THMC Processes: Earthquake and Faulting mechanics (GeoProc 2019)

GeoProc2019 will be held in Utrecht from 3–5 July 2019 and DeepNL will contribute to the organisation of the 

session about fault movements as a consequence of human interventions.

20
19
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 – Scientific progress meeting DeepNL 

In the fourth quarter of 2019, the first annual DeepNL meeting will take place during which the projects will 

present their results to each other. Together with the programme committee and the international advisory 

committee, attention will be given to the progress and coherency of the DeepNL research.

 – Long-term programming

Funding round 2 will be elaborated from 2020 onwards and it is expected to focus on knowledge gaps, integration, 

application and expansion of the network.
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7 | Appendix

7.1 | Structure and budget DeepNL

The DeepNL programme consists of i) several large funding rounds, ii) an earmarked budget for small projects, iii) an 

earmarked budget for programme activities and communication and iv) an earmarked budget for the costs of realising 

the programme. The funding rounds will be shaped on the basis of the original DeepNL programme description but can 

be adapted on the basis of new developments and insights, if necessary. Broadly speaking, it is expected that the 

programme will be realised as follows:

Funding round 1a 
2018

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

Awarded: € 8.831.353 

Funding round 2 
vanaf 2020

Focus: Excellent research 
projects for knowledge gaps, 
integration and application

Reserved: ± € 9.000.000

Small projects

Focus: Opportunities and 
developments (e.g. integration 
and pilot studies)

Reserved: ± € 1.000.000

Programme activities

Network activities, outreach and 
communication

Reserved: ± € 1.000.000

Realisation costs

NWO & Programme Committee

Reserved: max. € 900.000

Funding round 1b 
2019–2020

Focus: Capacity building and talent 

Reserved: ± € 3.000.000 

Total budget DeepNL: M€  24,23

NAM contribution: M€ 15 NWO contribution: M€ 5 PPP Allowance: M€ 4,23

7.2 | List of abbreviations

CWI:  Centrum voor Wiskunde en Informatica

HPC:  high-performance computing 

InSAR:  Interferometric synthetic aperture radar

KEM:  Knowledge Programme Effects of Mining

KNMI:  Royal Netherlands Meteorological Institute

NAC: Netherlands Earth Sciences Conference

NAM:  Nederlandse Aardolie Maatschappij

NWO: Netherlands Organisation for Scientific Research

PPP:  public-private partnership

RVO:  Netherlands Enterprise Agency

THMC:  Thermo-Hydro-Mechanical-Chemical 

TNO:  Netherlands Organisation for applied scientific research

TUD:  Delft University of Technology

TUE:  Eindhoven University of Technology

UT:  University of Twente

UU:  Utrecht University
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Through the research programme DeepNL, NWO wants to improve the fundamental understanding 

of deep subsurface behaviour under the influence of human activities. This publication is the 

programme’s first annual report. 




