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Project description: The UK’s onshore, deep sub-surface energy extraction and storage requires the 
injection of fluids into deep strata. The integrity of those deep strata is a requirement for the 
efficient use of deep energy resources or energy storage and, in the case of a hydrological 
connection between the deep strata and the surface, the return of fluids would represent a loss of 
efficiency and a risk to water resources in the overlying shallow aquifer and on to surface water. 
There is, therefore, a need to explore whether linkages from deep to shallow and on to the surface 
exist and how they can be identified prior to development to minimise loss and damage to water 
resources. The vulnerability of aquifers has traditionally been assessed through mapping the risk 
from surface threats to groundwater, the reverse situation of vulnerability with any threat from 
depth not being considered, It is therefore the aim of this project to develop methods for assessing 
the reverse vulnerability of surface and near-surface resources from the development of the deep 
sub-surface. Based upon numerical modelling of shale gas basins, Wilson et al. (2018) showed that 
reverse vulnerability would be driven by: aquifer compartmentalisation; overpressure; lack of a 
diffusing, permeable strata; and through-going impermeable faults. This project will use a range of 
innovative approaches to test whether these identified features control where deep groundwater 
will emerge into the surface and near-surface environments; and develop methods to predict 
reverse vulnerability for future deep sub-surface developments. These approaches include: 
assessment of regional diffuse gas emissions across a landscape by analysing soil gas concentration 
and isotopic composition; measuring release of naturally-occurring radon gas release; surveying 
land surface temperature anomalies by infra-red drone; and identification of geochemical indicators 
of deep fluids. We in Durham are uniquely placed to supervise this project as we have already 
published statistically rigorous studies that have identified the risk of aquifer compartmentalisation 
to surface and near-surface water resources. In previous studies, the important feature was a 
rigorous experimental design that allowed for the statistical demonstration of which features and 
areas are vulnerable from below. Secondly, we have experience with the multivariate and geospatial 
statistical methods required to analyse the data that arise from national monitoring programmes to 
identify signatures of deep groundwaters. Thirdly, we have identified a series of UK onshore basins 
where deep resources and storage may conflict with overlying water resources. 

Stated link to CDT theme: The project addresses the following CDT theme: Safe Subsurface Storage 
for energy and carbon; and the Environmental Impacts from low carbon technologies; 

Any Additional Research Costs: gas calibration = £5000; water analyses = £5000; Travel (UK 
fieldwork) = £5750; Computing = £1000; CeREES fees = £3000. This project will be supported by 
funds from the CDT RTSG. 

Has access to data been secured? Yes, to both field sites and data. 

Career routes: With growing interest in life cycle analysis of energy sources there will be a need for 
professionals trained in assessment of these resources both in commercial and regulatory spheres. 


