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Overview 
 

 
Fig. 1. Fractured, heterogeneous shale: what are the 

key conduits for leakage? 

 

Critical to both petroleum exploration and the safe 

storage of CO2, gas and nuclear waste is the 

requirement for geological barriers to leakage. These 

are most commonly fine-grained sediments: shales. 

 

Risk assessment of fluid leakage from both petroleum 

reservoirs and CO2 storage sites must account for 

flow through both the matrix pore system and 

through fractures which may be present naturally or 

which are known to be induced by stress changes 

resulting from fluid injection (CO2; water) or removal 

(petroleum). A key issue is the lack of experimental 

data on mud-rich caprocks, even though these are 

essential for predicting (a) potential leakage rates 

through the caprock and overburden; and (b) the 

impact of heterogeneity on caprock material 

behaviour. 

 

Your PhD project will combine (i) modern 

imaging/measurement technologies of pores and 

matrix and (ii) laboratory permeability tests in order 

to provide fundamental data with which to constrain 

the petrophysical properties of mud-rich cap rocks at 

a range of scales. Your primary focus will be North 

Sea and Irish Sea units which form the cap rocks to 

key sandstone units and for which high quality sample 

material is available (lower Tertiary; middle Jurassic; 

Triassic). 

 

 
Fig. 2. MicroCT will be used to examine the 3D 

microstructures at micron to centimetre scales. 

https://www.dur.ac.uk/earth.sciences/staff/academic/?id=11542


  

 
Methodology 
 

Pore systems of the shales will be defined using 

mercury injection porosimetry, low pressure gas 

sorption and BIB/FIB-SEM, with the aim of generating 

a quantitative description of both the amount and 

connectivity of the entire pore system. In parallel, the 

mineralogy and diagenesis of the samples will be 

described quantitatively using X-ray diffraction, 

petrography (transmitted light, reflected light, BSEM, 

SEM-CL). Micro-CT will also be used to describe the 

main 3D features of the samples at a micron to 

centimetre-scale. These microscale measurements will 

be combined with macroscale measurements of 

nanoDarcy-scale permeability measurements in high 

PT triaxial cells using a pulse oscillation method in 

order to develop a micro-macro understanding of the 

flow properties of the mudstones. We are also able to 

fracture the rocks and determine resulting 

permeability changes. Your results will provide 

generic insights into the controls of mudstone fluid 

flow; these should be usable in a range of exploration 

and production scenarios. 

 

Whilst this is a mainly laboratory-based project, there 

are opportunities for fieldwork. 

 

 
Fig. 3. Along with techniques such as Gas Sorption 

and Mercury Injection Scanning Electron Microscopy 

will help to reveal the complex, nano- to microporous 

nature of shales. In this image, darker areas are pores. 

 

 
Timeline 
 

Year 1: training academy courses (10 weeks), 

literature review, sample acquisition, laboratory 

training, petrographic descriptions 

Years 2 and 3: training academy courses (5 weeks 

per year), sample analysis (Gas Sorption, Mercury 

Injection Porosimetry, Scanning Electron Microscopy, 

microCT scanning, permeability experiments) 

Year 4: 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 in Durham has expertise in all 

the required expertise in geology, petrophysics and 

rock mechanics. 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. 
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Further Information 
 

Feel free to contact Andy Aplin or Nic De Paola: 

a.c.aplin@durham.ac.uk; 0191 334 2332 

nicola.de-paola@durham.ac.uk 0191 334 2333 
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