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The Team
Dr. Sebastian Geiger – at Heriot Watt University since 2006
Senior Lecturer at the Institute of Petroleum Engineering
Sebastian is interested in developing accurate and efficient nu-
merical methods to simulate non-linear physical processes in 
structurally complex geological systems. He applies these meth-
ods to study the complex interplay of hydrodynamics, thermody-
namics, and geomechanics in the subsurface.

Claudia Fricke – PhD Student
Claudia combines X-Ray CT flow experiments in fractured carbon-
ates with discrete-fracture modelling techniques to investigate the 
accuracy of multiphase flow simulations in fractured reservoirs.

Matteo Lupi – PhD Student
Matteo uses CSMP++ to explore how transient permeability varia-
tions during earthquake cycles could affect the large-scale fluid 
flow in geothermal systems in Iceland.

Karen Schmid – PhD Student
Karen combines core flood studies with numerical methods like 
finite elements and finite volumes, to study the mechanism underly-
ing controlled-salinity flooding and its field scale consequences.

Yan Zaretskiy – PhD Student
Yan combines finite element and finite volume methods to study 
numerically the salinity-induced wettability alterations in carbonate 
rocks by looking at the fundamental pore scale physics.

Robert Annewandter – PhD Student
Robert extends CSMP’s capability to simulate CO2 - brine propaga-
tion in space-time for aquifers with focus on geomechanics

Adnan Aldhahli – PhD Student
Adnan is using pore-scale simulation to reconstruct physically con-
sistent capillary pressure and relative permeability functions for 
two- and three-phase flow.

Sebastian Geiger

Rigorous Upscaling of 
Small-Scale Heterogeneities in 
Reservoir-Scale Simulations

sebastian.geiger@pet.hw.ac.uk
Ultimately, small-scale heterogeneities, that is variations in pore geometries at 
the micro- to centimetre scale, control the transport of heat and mass at the 
reservoir scale. A long-term research goal is to develop new modelling ap-
proaches that accurately incorporate heterogeneities at all scales in a reservoir 
simulations. One method that I am currently exploring are Continuous Time 
Random Walks to analyse the small-scale statistics of the transport processes 
and upscale them adequately (Fig. 2)

Figure 2. Breakthrough curves at x/L = 0.5 and 0.999 for the Norway model (dashed) lines compared 
with CTRW transport model (bold lines) for two matrix permeability cases. Note that the CTRW model 
produces much better fits with the data than a Fourier model.
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Figure 1. Fracture pattern of the “Norway model” (a). Temperature distributions  for a matrix perme-
ability of 10-11 (b), 10-13 m2 (c). (b) is after 50 days while (c) is after 100 days. Realization with CSMP++ 
(Complex Systems Modelling Platform, developed at Montan University of Leoben, ETH Zurich and 
Heriot-Watt University)

Matteo Lupi

Simulations of heat and mass 
transport in tectonically active 
geothermal systems

matteo.lupi@pet.hw.ac.uk
The Tjornes Fracture Zone is a tectonically active hydrothermal system in the 
North of Iceland. Using a geologically realistic model based on geophysical 
and borehole data, we simulate the regional heat and mass transport in such 
system as well as the fluid-induced seismicity that characterise the area. 

Figure 3. Temperature (a) and fluid pressure (b) distribution in the model after ~ 1 Ma. The light blue 
areas in the top part of Figure a) represent upwelling fluids. 
Figure 4. Over pres-
sure evolution along a 
fault 3.5 km long. The 
over pressure is equal 
to: λ = Pf.(PL+τ) where 
Pf is the fluid pressure, 
PLthe lithostatic load 
and τ is the rock ten-
sile stress. The over 
pressure migrates 
within the fault when 
the permeability of the 
fault decreases.
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Claudia Fricke

Validation and Verification of 
Flow Models for Fractured
Carbonate Rocks

claudia.fricke@pet.hw.ac.uk
The goal of this project is to test CSMP++ for its accuracy of capturing fluid 
exange between fractures and the sourrounding rock matrix for multi-phase 
flow applications in carbonates by comparison of core-flood simulations with 
analog experiments, measured with X-ray Computer Tomography (CT).

Figure 5. 3D single 
phase flow simulation of 
a tracer concentration 
through a core at differ-
ent time steps. Uniform 
aperture applied to a 2D 
fracture. Flow from left 
right. Initial concentra-
tion in core zero (blue).
Model will be extended  
to 2-phase flow, non-
uniform aperture, capil-
lary effects.

Figure 6. Rendered 3D X-ray CT computer model of an Indiana limestone sample with an artificial 
fracture (diagonal) filled with lead oxide loaded epoxy. (a) Complete 3D model. (b) Separated, tracer 
filled fracture. (c) Cross-section through 3D model. Brighter colors refer to higher density.
(Edinburgh CT Centre for Materials Research, University of Edinburgh. Software: Octopus 3D)

Karen Schmid

Experimental and numerical 
studies of low-salinity water-
flooding in carbonate rocks

karen.schmid@pet.hw.ac.uk
Imbibition studies show that brine composition can have a significant impact on 
oil recovery in carbonate rocks. The underlying mechanism and field scale con-
seuqences are yet to be understood. We hence conduct the first known con-
trolled salinity core flood studies and combine them with numerical simulations 
on the continuum scale.  For the numerical simulations, we developed a novel 
Finite Element-Finite Volume scheme for incompressible, reactive two-phase 
multicomponent flow based on the C++ library CSMP. 
Figure 7. (a) Some of the rock samples 
used for the first controlled salinity 
flooding. (b) Simulation of pH during 
the injection of a single-phase low-pH 
fluid in a fractured limestone reser-
voire analogue of the Bristol outcrop. 
(c) Concentration of an adsorbing 
component in immiscible two-phase 
flow in a faulted reservoir. First, the 
pressure field is solved for from the ve-
locity field is calculated. This is then 
used for the transport calculations. 
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Yan Zaretskiy

Pore-scale simulations of 
low-salinity waterflooding 
in carbonate rocks

yan.zaretzkiy@pet.hw.ac.uk

Figure 8. Pressure (a) and velocity (b) distribution within a Foutainebleau sandstone sample. These 
values were obtained by solving the stationary Stokes equation using finite element method. The 3D 
finite element mesh was reconstructed from a CT data and consisted of 3.3 million of tetrahedral ele-
ments. It was then partitioned into 16 contiguous parts and each part was treated on a separate proces-
sor in parallel. The resulting cluster job takes 2 minutes to be calculated.

It has been discovered experimentally that brine composition can have a 
strong impact on oil recovery from carbonate reservoirs. This process has 
never been studied numerically using the fundamental physics at the pore 
scale where it is possible to analyse the influence of reactive transport on the 
resulting relative permeability and capillary pressure curves directly. We hence 
use the finite element approach to solve the Stokes equation for an incom-
pressible fluid to model flow within a geometrically highly realistic porous 
media. We obtained the pore geometry directly from high-resolution X-Ray 
CT-scans. Solving the stationary Stokes equation provides us with the velocity 
profile in the porous sample, which we then use in the subsequent transport 
problems.

Robert Annewandter

Geomechanical and
hydromechanical modelling of 
CO2 storage

robert.annewandter@pet.hw.ac.uk
This project investigates the hydro- and geomechanical response of carbon di-
oxide storage in aquifers during injection phase with focus on opening of preex-
isting fractures, fault activation, and caprock fracturing by numerical studies. 
CSMP is extended by thermodynamical effects of CO2-brine mixtures and geo-
mechanic processes. Modeling of a generic case and and real-field data will 
enlight the potential and risk of sustainable CO2 Storage.

This project is funded by the Scottish Center for Carbon Storage (SCCS)

Figure 9. Recently, an equation-of-state (EOS) for CO2-Brine mixtures in the temperature range from 
12 to 100 C and up to 600 bar was implemented based on Spycher et al (2003) and Spycher and Pruess 
(2005), whereas the activivity coefficient model ist based on Duan and Sun (2003) for NaCl ionic 
strength up to 4.5 m.
Shown left-hand side s the CO2 solubility in the H2O rich phase in mol/kg. The distinct bump is due to 
the phase change of CO2 from gaseous to liquid. Right-hand side is shown the complementary solubility 
of H2O in the CO2 rich phase, in which the sharp edge is due to named phase change.

Adnan Aldhahli

Pore to field scale flow studies in 
mixed-wet and oil-wet heteroge-
neous carbonate reservoirs

adnan.aldhahli@pet.hw.ac.uk
The key objective of this research is to understand how the structural and wet-
tability heterogeneieties across length scales, ranging from pore to reservoir, 
control multiphase flow behaviour associated with secondary and tertiary oil re-
covery techniques in carbonate reservoirs.

Figure 11.Outcrop-scale simulations resolve the structural heterogeneities (e.g., fractures) at great 
detail. This allows us to study the fundamental flow processes and derive effective parameters which 
preserve the physics and structural heterogeneities at the smaller scale and can be used in 
reservoir-scale simulations to provide better predictions of oil recovery.

Figure 10. At the pore-scale 
the microscopic heterogene-
ities are accounted for in the 
pore-network models, which 
provide physically consistent 
relative permeabilities and 
capillary pressure curves 
which are then used in 
outcrop-scale simulations.
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