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In a Nutshell 
Abandoned flooded mines are present over vast areas 
of the UK and typically represent high-level 
environmental and financial liabilities. However, these 
remnants of our carbon-intensive industrial past also 
provide an exciting opportunity to develop sustainable 
low-carbon energy resources through geothermal 
energy production and thermal energy storage. You 
will help develop innovative strategies for evaluating 
the geothermal potential of flooded mine workings.  

Overview 
Thermal energy efficiency and sustainability is a major 
challenge, particularly for countries such as Scotland 
where heating represents nearly two thirds of overall 
energy demand. There is great potential for mine-
water sourced heating across Scotland, but a major 
barrier to uptake is the comparative cost and 
maintenance in relation to gas networks. A potentially 
more attractive option for utilisation of flooded mine 
workings is thermal energy storage, via capture and 
storage of ‘waste heat’ from industrial processes or 
energy generation during summer months for reuse 
during high demand winter months. 
 
Your project will use the University of Glasgow 
(UoG) as its major case study. The UoG has a campus 
wide Combined Heat and Power (CHP) district 
heating scheme which heats buildings, generates a 
large percentage of campus electricity and makes a 
significant contribution to the UoG’s carbon footprint 

reduction target (20% per year). Efforts are underway 
to achieve further carbon emission reductions for the 
current scheme and to ensure low-carbon energy for 
a £1 billion plus campus expansion.  
 
A major challenge for heat storage is the capacity 
required to store enough useable heat for a long 
enough duration. Due to the warm embrace of the 
surrounding geology, the flooded mine workings 
insulate groundwater from seasonal variations in 
surface temperature. Add to that the enormous 
volumes of water involved (several million m3), and 
these flooded mine workings represent a fantastic 
opportunity for inter-seasonal thermal energy storage 
if their hydrological nature can be robustly 
characterised (i.e. static, dynamic or multicomponent).  
 

 
Figure 1. Changes of geothermal system pumping strategy in 
response to rising water levels at the former Markham Colliery, 
Derbyshire (Burnside et al. 2016b). 
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Where will your research start? 

You will determine and quantify the feasibility of 
storing excess summer thermal energy within the 
UoG mine workings for re-use in the high demand 
winter months. Much research is required to 
determine the full extent of the mine workings 
beneath the campus, but records and recent ground 
investigations suggest a significant volume of 
groundwater is present within the mine voids. The 
major objectives are as follows: 
 

• Characterisation of the hydrogeological system 
and extent of mine workings 

• Geotechnical feasibility assessment of the 
suitability of the mine workings for thermal 
energy storage 

• Assessment of different thermal storage and 
heat exchange strategies 

• Predictive modelling of system in response to 
thermal energy storage scenarios 

• Assessment of potential environmental impacts 
 Predictive modelling of system in response to thermal energy   
The above is achievable through thorough review of 
historical archives, hydrogeochemical analysis of mine 
waters and precipitates (predominantly ochre), and 
development of regional groundwater and heat flow 
models. In order to carry out this project, you will 
receive training in applied hydrogeology, thermal 
process engineering, geochemistry, mineralogy and 
ground penetrating investigation techniques. 
You will undertake state-of-the-art research, based at 
Glasgow, SUERC and Stirling, with their 
internationally leading geotechnical, geochemical and 
mineralogical facilities, and in close partnership with 
our industrial CASE partner, RSKW Ltd. You will thus 
be able to develop exciting new, and highly 
transferrable research and business skills. You will be 
based at the University of Glasgow, which will also be 
your main field area. You will also spend periods at 
SUERC and Stirling, advancing analytical techniques for 
the hydrogeochemical and mineralogical 
characterisation of mine waters and precipitates, and 
on placement with RSKW to work on related 
projects and develop business cases for geothermal 
developments.    

 
Methodology 
 
In pratice, you will advance our understanding of the 
flooded coal mine system beneath the University of 
Glasgow and assess its geothermal potential for the 
existing campus and new campus developments. This 
will be achieved through: 
(1) Extensive review of historic mining archives, 
ground investigations and energy assessments; 
(2) Characterisation of baseline hydrological and 
geological conditions including; groundwater 

chemistry, flow and compartmentalisation, and mine 
void volume, connectivity and geometry;   
(3) Build on established hydrgeochemical and ground 
investigation techniques to develop a state-of-the-art 
analytical programme for geothermal assessment of 
flooded mine workings 
(4) Map and match surface thermal energy demands 
with optimal zones for subsurface heat extraction and 
thermal energy storage. 
(5) Completing thorough geochemical characterisation 
of mine related ochre deposits in order to determine 
the oxidation state of the water and provide 
recommedations for engineering infastructure strategy  
(6) Assess optimal geoengineering strategies for 
geothermal energy generation and thermal energy 
storage.  

 
Timeline 
 
Year 1 
Familiarisation through background reading, and 
induction from supervisors. Assessment of campus 
seasonal energy use resources and demands. 
Extensive campus investigation (including underground 
visits to determine mine level accessibility) and 
development of strategy for baseline characterisation 
of coal mine workings. Research and digitisation of 
archival material to develop a 3D understanding of the 
mine workings. Developing sampling scheme for mine 
water monitoring, including pilot analyses of inflows 
and outflows, such as rain water sampling and analysis 
for endmember meteoric O and H isotope baseline. 
Site visits with RSKW to active consultancy projects 
and training in business case development and 
environmental regulation protocols.  
 
Year 2 
Regular mine water and ochre sampling, optimisation 
of analytical programme based in the first instance on 
water chemistry and silica content (Glasgow), stable 
isotopes (O, H, S, C) and metal content (SUERC), and 
ochre speciation (Stirling). Utilisation of ground 
penetrating investigation techniques (including 
portable gravimeter and resistivity equipment). 
Development of conceptual 3D hydrogeological 
model for campus mine workings.  
 
Year 3 
Predictive modelling of system in response to pre-
determined thermal energy storage scenarios, utilising 
and comparing reservoir simulators, Feflow and 
LoCAL-PAAR and LoCAL-PANR models (Loredo et 
al. 2016). Additional, short forensic campus 
investigations to address any areas of particular 
interest following year 2 campaign. 
 
Year 3.5 
Write-up and submission of thesis. 

  



 
Our plan is to develop papers and chapters 
throughout the PhD, to enhance your high-level 
writing skills and ensure outputs are delivered during 
progress.  
 
NB You and your academic supervisors will meet 
regularly with RSKW Ltd staff throughout, under 
guidance of co-supervisor, Mr. Andrew Gunning. 
Short visits to update on progress, and formal reports 
at quarterly intervals will be required. 

 
Training & Skills 
 
You will receive extensive training in field mapping 
and sampling (all supervisors), urban energy 
assessment (Burnside), mining geology (Boyce), 
mineralogy (all supervisors), hydrochemistry 
(Burnside), Mössbauer analysis and ochre 
characterisation (Schröder), isotope geochemistry and 
mass spectrometry (Boyce and Burnside), cost benefit 
analysis, business plans and environmental regulation 
(Gunning). Training will be largely one-to-one, 
working closely with supervisors and their technical 
staff, through which you will become a confident and 
independent researcher. Formal, delivered training 
courses, as part of the fulfilment of DTP transfer 
requirements, will be undertaken largely on the main 
U Glasgow campus. Over the course of the PhD you 
will gain many transferable skills such as scientific 
writing, statistics and data analysis, problem-solving, as 
well as time management and developing independent 
research planning skills. 

The supervisory team consists of international experts 
in coal mining geology (Burnside, Boyce), geothermal 
engineering (Burnside, Gunning), biogeochemical iron 
cycles (Schröder), stable isotope geochemistry 
(Boyce), geothermal reservoir modelling (Burnside), 
and environmental impact assessment (all). RSKW Ltd 
Partner (Gunning) will provide one-to-one training in 
the business aspects of environmental engineering. 
 
As well as attending and presenting at (at least) one 
UK National conference per year (typically Brit 
Geothermal), you will be expected to present at no 
less than one international meeting in the first 2 years. 
In 2019, you will have the opportunity not only to 
present, but to take part in the organisation of the 
major SGA Biennial 2019 conference, hosted at 
University of Glasgow, led by Prof. Boyce. 
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Further Information 
 
Please do not hesitate to contact any of the 
supervisors for further information: 
neil.burnside@glasgow.ac.uk 
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