
  

Fig. 1. (A-B) Sandstone hosted (shear) deformation 

bands in outcrop, core and µCT images (Permo-Triassic, 

UK). 
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Overview 
 

Over recent decades understanding fluid transport 

through geological media has become increasingly 

important for enhancing recovery from existing 

reservoirs, developing new hydrocarbon resources, 

and using geological systems both for energy 

extraction (i.e. geothermal) and the long term storage 

of CO2.   

In many high porosity (> 15% void fraction) 

sandstone reservoirs and aquifers, important activities 

involving two immiscible fluid phases, such as oil 

extraction and CO2 injection, are complicated by the 

presence of deformation bands or [DBs / microfaults: 

Fig 1]. These strain localisation features are initiated 

by applied stresses in the crust, and are ubiquitous in 

tectonized, high porosity sandstones. DB formative 

processes of compaction and cataclasis change the 

petrophysical properties of their host rock, resulting 

in high capillary entry pressure zones which inhibit the 

migration of oil and CO2 through brine saturated 

sandstones.  

To better exploit existing hydrocarbon resources 

(esp. those in the North Sea Province) and develop stable 

geological storage systems in sandstone saline 

aquifers, requires an improved understanding of 

multiphase flow through cataclized sandstones. Using 

x-ray micro computed tomography (µCT), this 

project will look at several aspects of how DBs 

control fluid migration and trapping, including: the 

influence of DBs upon immiscible pore fluid 

displacement processes, (2) microstructural controls 

on DBs fluid breaching, (3) the influence of DBs upon 

irreducible water and residual oil saturation, and (4) 

geomechanical controls upon the oil column storage 
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capacity of (shear) DBs. 

 
Methodology 
 

This project will focus upon fluid flow characteristics 

of deformation bands developed within high porosity 

sandstones of the Permian age Penrith Sandstone, 

NW UK, the Triassic age Wilmslow Sandstone, NW 

UK and the Cretaceous age Orange Quarry 

Sandstone, SE France. Building upon existing 

experiments conducted at the I13 x-ray tomography 

beamline at Diamond Lightsource, UK, 4D 

experimental data will be collected using high speed 

synchrotron x-ray imaging [up to 20 volume images 

collected every second: see Fig 2], with a bespoke 

flow cell that simulates subsurface pressures and 

temperatures [see 2 & 3]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Supported by conventional (petrographic) 

microstructural analysis and lab-based petrophysical 

methods, this project focusses on applying the latest 4D 

(3D + time) x-ray tomography imaging methods to track 

the passage of fluids through cataclastically deformed 

sandstones in real time. This image shows how the pore 

network in a sandstone is inundated by a fluid (newly 

inundated areas shown in purple) over the first 5 seconds 

of a flow. 
 

Image analysis of this data set will allow a unique, and 

previously unobtainable level of understanding of the 

impact of DBs upon immiscible fluid flow, as well as 

microstructural controls upon cross fault flow. This 

data will lead to development and application of 

experimentally validated numerical models [e.g. 4] 

that describe the behaviour if these economically 

impactful geological systems, and can be employed to 

improve extraction and storage technology and 

efficiency. 

Whilst this is a mainly laboratory-based project, 

there are opportunities for fieldwork and you will be 

expected to spend time at all three institutions.  

 
Timeline 
 

Year 1: training academy courses (10 weeks), 

literature review, laboratory training, CT data 

acquisition & analysis 

Years 2 and 3: training academy courses (5 weeks 

per year), sample analysis (CT data acquisition and 

processing, SEM), modelling, in situ 4D experiments.  

Year 4: 4D data analysis, model application and 

refinement, data integration, thesis completion, papers 

for international journals 

 
Training & Skills 
 

As part of a CDT cohort, you will receive 20 weeks 

bespoke, residential training of broad relevance to the 

oil and gas industry: 10 weeks in Year 1 and 5 weeks 

each in Years 2 and 3. Instructors will be both from 

expert academics from across the CDT, and also 

experienced oil and gas industry professionals. 

The supervisory team has expertise in geology, 

geochemistry, x-ray tomography, and multiphase fluid 

flow (experimental and modelling). You will learn how 

to use a range of high level analytical methods, how to 

integrate different data types and to understand their 

significance from both scientific and industrial 

perspectives. You will be expected to present posters 

and talks at conferences and may also spend time 

away from the host universities. 
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Further Information 
 

Feel free to contact Kate Dobson: 

katherine.dobson@durham.ac.uk; 0191 334 4603 
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