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Background and Motivation 
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• Modelling of multi-phase fluid flow in fractured rocks is relevant to several
energy-related applications

• Some of these include design of Enhanced Oil Recovery operations,
Enhanced Geothermal Systems and Carbon Sequestration in underground
formations

• Over the last decades several approaches were developed to
simulate/model flow in fractured reservoirs; each with its own advantages
and pitfalls

• Here we present MRST’s fracture module which provides a platform for
quick implementation of fractured reservoir simulation models

* Figures extracted from Thiel, S. 2017 (DOI:10.1007/s10712-017-9426-2) and from the upcoming MRST book (Advanced Modeling with the MATLAB 
Reservoir Simulation Toolbox)

https://link.springer.com/article/10.1007/s10712-017-9426-2


Modelling Approaches for Fluid Flow in Fractured 
Media: Explicit Fracture Representation
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* Figures extracted from Li et al. 2020 (DOI: 10.1029/2019WR025631), from Rafael March’s and Daniel Wong’s PhD Theses at Heriot-Watt University, 
and from the upcoming MRST book (Advanced Modeling with the MATLAB Reservoir Simulation Toolbox)

http://dx.doi.org/10.1029/2019WR025631


4* Figure extracted from Spooner et al., 2019 (doi.org/10.1144/petgeo2018-136)

Modelling Approaches for Fluid Flow in Fractured 
Media: Multi-Continuum Methods



Unified Framework in MRST (1/2)
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DFM, EDFM
Multi-Continuum

How to combine 
into one single 

modelling concept?

* Figure extracted from the upcoming MRST book (Advanced Modeling with the MATLAB 
Reservoir Simulation Toolbox)



Unified Framework in MRST (2/2)
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State functions specify how 
porosity, fluxes, density and 
others depend on the state 

variables

How are different models 
implemented in MRST?

Fluxes between the 
different domains

Fluxes between connections 
can be either vanilla Darcy 
fluxes or modelled through 

transfer functions

Transfer Function 
(“Kazemi”)

* Figure extracted from the upcoming MRST book (Advanced Modeling with the MATLAB 
Reservoir Simulation Toolbox)



Example: DFM and Dual-Porosity in the 
Same Model
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Model Definition Results

Water saturation profiles after 1500 days, 2500 days and 6000 days of simulation. Top row shows
the water saturation at the flowing domain, which consists of the matrix of the single-porosity
region, the fractures of the dual-porosity region and the DFM fractures. Bottom row shows the
water saturation at the stagnant domain, which consists of the matrix of the dual-porosity region.

* Figures extracted from the upcoming MRST book (Advanced Modeling with the MATLAB Reservoir Simulation Toolbox)



Example: Multi-rate Transfer in Multi-
Continuum Models

8* Figures extracted from the upcoming MRST book (Advanced Modeling with the MATLAB Reservoir Simulation Toolbox)

Model Definition Results

Oil recovery factor and water cut for different rates compared with the multi-rate case.



Great Models that are not implemented yet 
(give it a go!)

Package Structure EDFM and pEDFM

MINC / Sub-Domain for Gravity 
Drainage

* Figures extracted from Al-Rudaini et al. 2018 (THE LIMITATIONS OF USING DUAL POROSITY MODELS WHEN SIMULATING CHEMICALLY ENHANCED OIL RECOVERY PROCESSES, 
Poster Presented at Heriot Watt’s Energi Simulation Workshop) and Li et al. 2020 (DOI: 10.1029/2019WR025631)

http://dx.doi.org/10.1029/2019WR025631
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