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Overview 
 

Shales are sedimentary rocks predominantly 

comprising clay minerals, but also containing quartz 

and other minerals, and are invariably encountered in 

oil and gas wells in overburden and reservoir sections, 

and particularly as cap rocks. Shale instability arises 

when shales contact fluids of different ionic 

composition to connate water and macroscopic 

swelling and/or dispersion occurs (see Figure 1). 

Shales are difficult to fully characterise and sample 

preparation is important; shales have different swelling 

and cohesive properties when preserved and fully 

saturated than when dried or solvent washed.  

 

 
Figure 1. Model shales (bentonite plugs) after exposure to 

different solvent systems.  In hexane no swelling occurs, 

though in polar solvents considerable swelling has 

occurred. 

 

Despite this, most available shale samples are not 

preserved in their native state. The objective of this 

project is to investigate new methods of 

characterising and testing shale stability both through 

experiment and modelling to update current 

knowledge to give confidence in predicting shale 

behaviour in the field with different drilling fluids.  

 
Methodology 
 

The project will use thorough characterisation of the 

core (microCT, BET, MICP, SEM) and then assess the 

reactivity of the core in different drilling fluids using 

novel non-contact swelling instrumentation developed 

by the Greenwell group.  Recent work by a project in 

the Greenwell group has shown the short term (less 

than 600 seconds) swelling can be very different to 

the long term swelling and capillarity and clay 

interlayer swelling both contribute.  To improve 

predictions of core behaviour, the swelling will also be 

modelled through expertise of the 2nd supervisor, Dr 

Matthias, who has been working on modelling the 

initial case of 1-dimensional core swelling. 

 

The student will:  

i) Review current practices of characterising 

shales and predicting shale behaviour 

(including discussions with BP specialists);  

ii) Prepare a range of shale cores obtained from 

BP (cores and data already received) in 

different ways (eg, solvent washed, saturated, 

desaturated, preserved etc) for swelling tests 

in a bespoke non-contact rig developed by the 

Greenwell group;  

iii) Undertake swelling experiments in different 

fluids;  

iv) Interpret the results in terms of classical 

colloid theory and capillarity;  

v) Model the bulk swelling of the materials using 

constitutive models;  



  

vi) Develop the instrument and validate at 

elevated temperature and pressure;  

vii) Rationalise the short-term swelling (relevant 

to bit balling/fines migration) and the long-

term swelling (well-bore stability) to enable 

drilling fluids to be optimised for specific shale 

lithology and applications;  

viii) Develop an integrated set of tests to highlight 

fluid performance characteristics. 

 

As part of the project, the student will be hosted for 

3 months in total at BP Sunbury where they will 

develop skills in core preparation and understand the 

application of their research within exploration and 

production departments. 

 
Timeline 
 

Year 1: training academy courses (10 weeks), 

literature review, sample acquisition and pre-

treatments, project familiarisation with BP, laboratory 

training, simulation theory and set up. 

Year 2: training academy courses (5 weeks), sample 

analysis training and application (Gas Sorption, 

Mercury Injection Porosimetry, Scanning Electron 

Microscopy, CT scanning and swelling meters) 

Year 3: training academy courses (5 weeks)  

Year 4: Data integration, thesis completion, complete 

any outstanding 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 in Durham and BP has 

expertise in geology, geochemistry, engineering and 

applied chemistry. You will learn how to use a range 

of high level analytical methods, modelling and coding, 

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 are also likely to spend time away 

from the host universities, for example at BP’s offices 

in Sunbury on Thames. 
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Further Information 
 

For further information about the research project, in 

the first instance, please contact Prof Chris Greenwell 

via email: chris.greenwell@durham.ac.uk or by 

telephone on 01913 343234.   
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