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Fracture flow analysis:
A multi-scale approach for stress-flow interaction

Micro scale Meso scale Macro scale
Fracture / core scale Fracture network scale Basin scale
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The problem translated to questions

Micro scale
1. What are the permeabilities/transmissivities of individual fractures in typical caprocks and their sensitivity to
stress?

2. What are relative permeabilities and capillary presssures of an individual fracture and their sensitivity to stress@

Macro scale

1. Can we benchmark/test our modelling approach?

2. What are the implications for CCS operations?
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Meso scale - Fracture networks

.

Fracture networks of mudrocks are challenging to Mont Terri: exposed fracture network,

obtain: 2D and weather
1. Fracture network directly from galleries and

modelled based on geological understanding
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of the Mt Terri underground laboratory
2. A full 3D model of the fracture networks
around the Little Grand Wash fault in Green

river Utah
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Meso scale - Single phase flow

1.

Numerical upscaling in 2D for explicitly represented

fracture networks:

MRST Virtual element elastic representation with
simplified contact mechanics

Normal stress on fractures used to obtain local

permeabilities with results from micro scale

Preprint March et al (2020) . ,'

book-chapter available on request

Effective permeabilities using FracPac of MRST.* y
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MRST modules for treating fractures

Numerical formulations based
on geometrical and virtual
domains and connections

Fracture Colls

https://bitbucket.org/HWUCarbonates/mrst-hwu-fractures

Upscaling of stress-
sensitive fracture .
permeabilities
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Integrating single core stress-aperture
experiments with effective permeability
upscaling of fracture networks

https://bitbucket.org/HWUCarbonates/mrst-hwu-fracpack
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Meso scale - Single phase flow
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Fracture Plane

Meso scale - Multi-phase flow Oz oy
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1. Darcy based upscaling approach for relative permeabilities and ‘gy
capillary pressure.
1. Local capillary pressure and relative permeabilities in fractures tUz B
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Macro scale - Benchmarks 1 - Mt Terri

Mt Terri effective permeabilities are compared with permeabilities obtained from field test.
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Summary, conclusions and outlook

- DETECT takes an integrated approach to assess leakage risks around faults in CCS operations

- We have presented an integrated multi-scale approach to understand the interplay of stress and permeabilities
including experiments and numerical modelling in caprocks for CCS

»  For every stage several different approaches are taken. A rigorous comparison and conclusion is pending.

- The workflow is supported by
+  Being able to reproduce the order of magnitude of field test in the Mt Terri underground laboratory
+ Matching location and order of magnitude of leakage rate around the Litle Grand Wash fault in Green River,

Utah

Implications for CCS in North Sea formations are currently ongoing.
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