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SUMMARY

▪ Well sealing for CCS is an important element of the sealing “formation system”.

▪ Reuse of oil & gas wells from depleted reservoirs is studied to be used for CCS 

and gas storage.

▪ Restoring the formation sealing to ensure long term reliable sealing for  plug and 

abandonment for oil and gas wells is has been explored.

▪ Feasibility studies and tests show that restoring formation sealing in the well bore 

with ductile formations like salt, shale and clay may provide a viable solution. 

▪ Research and pilot tests are done in a open JIP project to develop the knowledge 

to restore the formation sealing for well abandonment and CCS (12 partners). 

(Information at www.TNO.nl, gert-jan.Heerens@tno.nl) 

http://www.tno.nl/
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DENSE POPULATED REGIONS HIGH SAFETY 
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LICENSE TO OPERATE; DEALING WITH UNKNOWS

Ingraffea has been a principal investigator on research and development projects ranging from the National Science Foundation, National

Aeronautics and Space Administration (NASA) through Schlumberger, Gas Research Institute, Sandia National Laboratories, Association of Iron

and Steel Engineers, General Dynamics, Boeing and Northrop Grumman Aerospace.
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P&A WITH SALT AND SHALES
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1. Characterization of Zechstein salt (mineralogy, 
microstructure)

2. Predictive modelling of convergence and 
sealing capacity (geo-mechanical-chemical 
models)

3. Monitoring convergence (3D) and sealing 

capacity (pressure, electrical conductivity) for 

model validation (special tools).

4. Post-mortem characterization of salt seal.

SALT PLUGGING FIELD TESTS 



SEALING VERSUS STIFFNESS 
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LOGGING CEMENT INTEGRITY B- ANNULUS 
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TNO WELL INTEGRITY FORECAST SYSTEM (WIFS)

A fore-cast of probability of 

leakage us on Bayesian 

networkNumerical reactive transport 

models to forecast cement  

degradation and transport of 

fluids 

Geo-mechanical modelling 

for forecasting cement 

mechanical defects



COUPLED GEO-MECHANICAL – GEO-CHEMICAL 

DEGRADATION
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EXPLANATION

3 components:

 Geomechanical model

 Reactive transport model

 Bayesian belief network

BBN contains information acquired 

from the two analytical models to 

probabilistically estimate well leakage 

after abandonment (bottom nodes) 

due to its life during operation.
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WALK-THROUGH
Running the tool:

Probabilities are calculated

Example probabilistic 
results:

 Leakpaths width after 

geomechanical model
 E.g. 40% chance the 

micro annulus is 250 –

500 μm

 Leakage rate
 E.g. 60% chance the 

leakage rate is 0 – 0.5 

kg/year

 Amount of leakage
 E.g. 30% chance 

leakage is between 1.5 

and 12 tons after 30 

years



ADVANTAGES OF THE MODEL

Benefits of methodology
 Sensitivity analyses – determine the threshold value of the inputs where well re-use would 

become profitable

 Value of information – with monetization of the inputs, you can determine the max you should 

pay to gain information about one of the nodes

 Coupling of models – geomechanical and geochemical model are developed and integrated 

together 

Takeaways
 Combines analytical models with probabilistic methods

 Assesses probability of leakage after certain duration

 Integral understanding for a quantitative risk assessment

Potential future applications to various re-use cases. Judge well integrity for:
 Natural gas

 Geothermal

 CO2 storage
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