
KEM Innovation/Research Question (max. 4 pages + annex) 
TITLE  Long term fluid migration, leakage risks and monitoring strategies 

 

Objective  
There is a need in MEA and SSM for a validated approach and development of tools to quantify and predict the long term 
(delayed) hydro-mechanical fluid pressure and stress redistribution in a geological formation after the abandonment of 
multiple gas extraction and/or gas storage reservoirs. Main questions relate to the anticipated compaction, water influx, 
migration between aquifers, salt caverns fluids, and leakage along wells. Is there a possibility of subsequent leakage of fluids to 
groundwater or of ground motions, which potentially can cause risks to drinking water aquifers and the built environment at 
the surface? 
 
The specific objective of this research is to define the regional hazard and risk assessment method and practices, taking into 
account post abandonment vertical and horizontal pressure (re-)distribution and migration of fluids (gases and formation 
water) through aquifers, faults and existing abandoned wells. The assessment method also needs to include ground motions 
(subsidence and small earthquakes) associated with the fluid migration up to the moment a new equilibrium in the subsurface 
is reached.  This capability is required to quantitatively assess long term leakage hazards for unwanted emissions in drinking 
water aquifers and at the surface, as well as post abandonment ground motion risks. 
 
The quantitative leakage hazard assessment, based on the norms for acceptable levels of various substances in groundwater 
resources or emissions or building codes, would define the long term leakage and ground motion risks. This would be  the basis 
for defining long term monitoring strategies – if needed – using wells in and above gas, oil, or thermal depleted aquifers, as 
well as geophysical techniques.  
 
The abandonment of the Groningen gas field, including neighbouring gas fields in the province of Friesland and below the 
Waddenzee in the same geological formation, may serve as a first case.  

 

State of the art, background 
The gas reservoirs bearing geological formations and tectonic structures are generally well known in The Netherlands due to 
the large scale exploration and production of coal, salt, gas, and oil in The Netherlands. Also, the hydrogeological properties 
and pressures in and surrounding the reservoirs of relevant geological formations are relatively well known. A lot of data and 
information is available at www.nlog.nl. 
 
The information on the post abandonment state of mechanical stresses and pore pressures is available only per individual field 
and not in an integrated way or within regional models combining multiple fields. At the same time, fluid migration processes 
are believed to continue well beyond the operational time spans and the field boundaries of gas production or storage. 
 
Currently, no suitable public coherent regional or basin scale migration model for fluids (gases and formation waters) is 
available. Such a model should take into account the post abandonment states of all gas, oil, geothermal fields and salt caverns, 
and could predict in an integrated way the horizontal and vertical fluid migrations and rates of leakage into aquifers along faults 
or plugged wells, which might occur in coming decades or centennial or the very long term after cessation of the subsurface 
activity. 
 
Currently, post abandonment management and monitoring strategies of aquifers or formation water migration are defined at a 
single field scale and not in an integrated, regional manner.  Parallel to fluid migration, there is a need to predict 
(quantitatively) the long term ground motions (subsidence, small earthquakes) associated with the fluid migration.  

        

Research Questions  
1 Sharpening the research question and modelling objectives 
Which hydro-geological fluid migration, geo-mechanical settlement or other processes play a role after the abandonment of 
gas reservoirs and penetrating wells. How are multiple abandoned fields in the same geological formation or aquifer 
regionally interfering?  Is there evidence of interference between fields, and on which time scale? These questions should be 
worked out for all gas fields in the Rotliegendes formation in North Netherlands (Groningen, Friesland, Waddenzee), as a 
real case. 
 
2. What are the regional aquifer fluid flow effects? 
What stress and pore pressure conditions will develop on the long term? How much fluids migration occurs over time for 
particular geological formations? Will the redistribution and/or migration of fluids (gases and formation water) be mainly 
horizontal or also vertical migration? What is the role of faults in migration?  Might there be interference to salt caverns at 
shallower depth? What associated ground motion (subsidence and earthquakes) effects can be anticipated? What are the 
time frames for these effects? What are the best regional reservoir modelling tools? 
 
3. Are local well fluid leakage effects possible? 
What is the relative contribution of fluid migration from wells? How can possible leakage through wells be estimated, how 
accurate are the estimates and what does it mean for fluid migration from wells on the long term? What is the risk of high 



pressure gas pockets, salt caverns connecting with the shallower aquifers or gas traps? Identify methods for predicting long 
term risks on shallow fresh water aquifers and the useful type of monitoring techniques and the methods for defining 
configuration and frequency of monitoring.  
 
4. Integrated effects 
How do these effects interfere in situations where multiple mining activities occur simultaneously and next to each other? 
How far do these effects reach around a mining activity? Can quantified effects be super positioned to estimate the 
combined effect?  Can the long term post abandonment effects create unsafe situations or cause damage?   

        

Deliverables expected  
1. Literature study to identify post abandonment hydro-geological (fluid migration) and geo-mechanical (ground motion) 

effects of mining: hazards and risks. Suggestions for modelling approaches and tools to be used and data required for the 
modeling. 

2. Simulation study for a regional multiple abandonment oil and gas field reservoirs representative for Rotliegendes in North 
Netherlands (including the Groningen gas field). Recommendation for developing a post abandonment risk assessment 
toolbox. 

3. Case study quantifying the possible effect of leaking wells on shallower aquifer systems in terms of fluid composition and 
pressure distributions. 

4. Recommendations for the developments of a quantitative post abandonment leakage hazard and risk assessment and 
monitoring.         

Timeline 
       

6 months for deliverable 1 and go-nogo moment. Go-nogo moment is based on results deliverable 1 and conducted with KEM 
representatives and client in a (skype) meeting. During this meeting the following research questions (2-4) can be sharpened. 
6 months for deliverables 2 and 3 in parallel 
6 month for recommendations and conclusions (deliverable 4).         

Expected use 

The results will be beneficial to understand long term behaviour (leakage, subsidence, earthquakes) of gas fields. 
The results will be used to underpin and, improve where needed, current abandonment procedures for operators as well as 
strategies for monitoring the potential delayed leakage and ground motion effects. Additionally, the results will be used in 
communications on the subject towards stakeholders. The requirements for the post abandonment subsurface management 
and monitoring regulations and inspection for MEA and SodM. The questions 2 and 3 are relevant not only in view of the post-
production effects of (abandoned) gas fields, but also in view of the production and injection of geothermal projects in the 
vicinity of (abandoned) gas fields.  

        

Expertise and tools preferred for the team 
A team should include Reservoir engineers, Hydrogeological and hydro-mechanical modellers and Geologists. 
 
Access to all Rotliegendes gas fields production, pressure and mechanical data, well data as well as 3D model of Northern 
Netherlands available through MEA or SSM at operators or knowledge Institutes (TNO and Deltares).  
Access to hydrogeochemical and geophysical monitoring data (when available). 

        

Quality assurance, Organisational and communication requirements 
The project team needs to have: 

- focused team with dedicated project leader 
- regular meetings with client to set and to keep expectations right 
- adequate modelling capacity 
- work in close collaboration with experts in The Netherlands  
- quality review process in place  
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