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1 Executive summary

The following briefly summarizes the work performed by postdoc Pal @. Andersen on Task 6.1
in Theme 2 during both the original three year contract period Sep 2014 to Sep 2017, and the
extension until Sep 2018.

The project aims at developing tools for translating lab geochemical and physical effects
coupled to multiphase flow in porous media or EOR mechanisms towards the field scale. This
includes interpreting core scale experimental results where chemistry is important for
compaction, single phase and multiphase flow and suggest how that will appear in larger scale
models.

An example is fracture-matrix models where ionic components are transported in a mobile domain and
must diffuse into a matrix in order to affect the main volume. The developed methodology allows
combining reservoir heterogeneity with full discretization of the matrix blocks, i.e. no upscaling of the
diffusion and EOR processes to transfer functions. The fracture-matrix approach is also applied in a shale gas
context where gas is produced by hydraulically induced fractures near well perforations. This work is related
to supervision of a PhD student (Dhruvit Berawala) where we transfer some of the knowledge from working
on naturally fractured reservoirs.

We have developed a new methodology for porous media two-phase flow where viscous coupling is
included into the fundamental equations from a mixture theory approach. This allows prediction of
variations in relative permeability functions due to changes in flow regime and viscosity and is important for
translating measurements to other flow conditions that naturally can vary locally and with time.

Much work has also been dedicated to Special Core Analysis, i.e. models for interpreting
measurement setups for capillary pressure and relative permeability. In this regard we have
explored centrifuge, core flooding, porous disc setups and developed a new capillary
pressure correlation. Mainly, this concerns finding time scales for establishing steady state in
a system given the applied boundary conditions and determining saturation functions in new
ways. Some of the mathematical models were tested experimentally in MSc projects.

As one of the three first contract years was paid by the Department of Petroleum
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Technology (IPT) at UiS, significant time was dedicated to teaching (PET565 Core Scale

Modelling and Interpretation) and supervision of students on BSc, MSc and PhD level.
Teaching an additional course (PET670) was a requirement for extending the contract to
2018.

2 Introduction and background

The main focus of my work has been to develop numerical and analytical models relevant for
multiphase and / or reactive flow in porous media. This includes:

- Fracture-matrix models that can simulate naturally fractured reservoirs and
hydraulically fractured shale.

- Model experimental studies on reactive flow in chalk in collaboration with the Chalk
Group at UiS.

- Developing simplified analytical models for SCAL measurements. This includes
centrifuge test time scale and capillary end effects during water flooding.

- Evaluate capillary back pressure effects during spontaneous imbibition. This was used
to model experimental data from UiB, in collaboration with them and NORCE.

- Multiphase model with viscous coupling for prediction of how data measured in the
lab may perform in different flow settings.

- Characterization of WAG performance using a universal mobility ratio.

- Modeling of nanoparticle interactions during core flooding.

The collaboration network involved roughly 30-40 people mainly from UiS, UiB, IRIS (now
NORCE), Statoil (now Equinor) including students and employees. See the reference lists for
details.

3 Results
Several mathematical modelling works have been developed with the purpose of:

- Adding new elements or assumptions as alternative approaches to existing models.
This includes a mixture theory approach to model multiphase flow instead of
conventional Darcy-type flow and allows for accountancy of viscous coupling.

- Interpreting chemically reactive flow in porous media from core scale tests and
implement the results to higher scale.

- Simplifications of conventional systems, especially regarding SCAL setups (porous disc,
centrifuge, core flooding) or for naturally fractured reservoirs where a fracture-matrix
approach has been followed.

- Scaling complex systems to determine controlling mechanisms and limiting behavior
when one mechanism is dominating.

The work has demonstrated more intuitive understanding of generally complex systems and
ways of translating main effects from core scale to a higher scale.

A broad network of collaborators has been established regarding research activity, especially
within UiS, IRIS (now NORCE) and UiB. This involves employees from experimental and
modelling background, but also students (BSc, MSc, PhD). Much collaboration and research
has been done together with Dag Standnes from Statoil / UiS. Several meetings or plans were
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made with the SCAL group in Statoil, Valide and IRIS Bergen (mainly with Robert Kl6fkorn).

4 Conclusion(s)
We have developed
- fracture-matrix models to interpret flow in naturally fractured reservoirs and shale
gas reservoirs.
- models for upscaling lab scale experiments.

- time scales and simplified models for SCAL setups.
- amultiphase flow model to account for viscous coupling.
- anew capillary pressure correlation.

5 Future work / plans
Not relevant.

6 Work in progress

Not relevant.

7 Dissemination of results
Mainly includes journal and conference papers, (master) theses, presentations and posters.
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