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Overview 
 

This proposal brings together two current areas of 

research addressing a subject of national importance: 

the increasing use of 3D geological modelling, and 

assessment of flooding from all sources. 3D geological 

models are increasingly being used in support of a 

broad range of engineering and hydrogeological 

application areas, as they provide information on 

geological structures that is not captured by 

traditional 2D mapping, can be linked to supporting 

information such as field notes, and can readily be 

updated with new information as it arises. This 

enhanced body of information, however, brings with it 

uncertainties in both geological structure and 

hydrogeological properties. Although methods for 

assessment of fluvial (river) flooding are well 

established, and pluvial (storm rainfall) flooding is 

currently an area of intensive research, the response 

to the groundwater flooding in the winter of 2013/14 

has highlighted the relative lack of capabilities in 

modelling from groundwater sources. 

A new approach has been developed in collaboration 

between Newcastle University, British Geological 

Survey, and the Environment Agency, to enhance the 

capabilities of an integrated groundwater-surface 

water model (www.research.ncl.ac.uk/shetran) 

developed at Newcastle by coupling it with British 

Geological Survey’s 3D geological modelling tools and 

EA groundwater models. No other modelling system 

with these capabilities currently exists. Initial trials of 

its use for addressing groundwater flooding issues 

have proven positive , but have raised questions on 

how best to characterise the near-surface geological 

environment in modelling. The issue of groundwater 

flood risk assessment requires, in particular, 

understanding of both surface and subsurface flow 

pathways, including connectivity between and within 

aquifer units, between groundwater and surface 

water, and the influence of drainage networks. 

 

3D geological model of Chalk and superficial 

deposits affecting flooding in Chichester 

This PhD proposal aims to assess the effects of 

uncertainty arising from incomplete hydrogeological 

http://www.research.ncl.ac.uk/shetran


  

knowledge on quantification of groundwater flood 

risk, addressing the following research questions:  

 What is the level of geological uncertainty in 

different hydrogeological environments, and how 

does this affect modelling of flooding?  

 What methods can best be used to represent 

and quantify hydrogeological uncertainty? 

 What level of complexity is necessary in 

geological models to support modelling of 

groundwater flooding?  

 
Methodology 
 

3D geological models are built from what is essentially 

sparse sampling of often complex structures, based on 

surface geological mapping, borehole logs, ground 

surface topography, and other information sources. 

Two contrasting classes of methodology for 

construction of 3D geological models will be 

investigated: manual modelling by expert geologists, 

and statistical interpolation. 

Geological mapping has traditionally been viewed as a 

deterministic method, with lithological boundaries 

being drawn on maps as firm lines. A similar approach 

has been used for 3D modelling, where geological 

understanding is used to construct credible cross-

sections. The PhD will build on methods used in a 

current study which has shown that conceptual model 

uncertainty can be quantified from interpretations 

made by geologists working from different subsets of 

boreholes in designed experiments.  This approach is 

also being compared with methods of expert 

elicitation to quantify the uncertainty. 

3D framework models represent the larger-scale 

geometry of geological units.  For process modelling it 

is necessary to characterize the variability of 

hydrogeological properties within these units.  There 

is a long history in hydrogeology and related fields of 

tackling this problem with geostatistical methods. 

Recent work has demonstrated that the standard 

geostatistical  assumptions of multi-Gaussian spatial 

dependence do not adequately represent essential 

connectivities within  geological units, which are 

critical determinants of their hydrological behaviour. 

An approach based on copulas with non-Gaussian 

marginal distributions can provide a better 

representation of the variability and its uncertainty.    

The different representations of geological structures 

with uncertainty will be represented in 3D geological 

models of a selection of locations which have history 

of flooding from groundwater (as well as other 

sources). The locations will be selected to represent 

different hydrogeological and hydrological 

environments affecting flooding, including Chalk 

aquifers, superficial floodplain deposits, urban settings, 

and combined sources of flooding. Simulations of 

flood events will be run using the Shetran integrated 

groundwater – surface water model, and the effects of 

uncertainties in both structure and hydraulic 

properties on constraining groundwater and surface 

water flows, flood levels, and flood extents will be 

evaluated. The study will consider, in particular, how 

subsurface and surface connectivity is represented, 

and how connectivities change dynamically during 

extreme events. 

The research will be primarily desk-based, based at 

Newcastle University, although periods of time will be 

spent at BGS to work with developers of 3D 

geological modelling software and geologists on 

construction of site models. The study will also 

involve liaison with and visits to a number of relevant 

organisations who are collaborating in current studies, 

including the Environment Agency and local councils 

responsible for flood defence, as well as visits to the 

study sites. 

 
Timeline 
 

Year 1: training in modelling, computational and 

programming skills; identification of study sites; site 

visits and collation of data; initial conceptualisation of 

flooding mechanisms for each site; development of 

methods for expert elicitation, geostatistical 

interpolation, and model calibration/uncertainty 

framework; initial model construction  

Year 2: construction of 3D geological framework 

models using parameters of uncertainty models 

obtained experimentally and by expert elicitation.   

Development of copula-based geostatistical models of 

heterogeneity within units.   

Year 3: Development of a system to combine 

realizations of framework model uncertainty and 

within-unit uncertainty, and generate Monte Carlo 

outputs from the hydrological models for the study 

sites.   

Year 4 (6 months): Completion of computational 

experiments within the uncertainty framework for all 

study sites, and identification of optimum level of 

detail needed in geological characterisation. Writing 

up. 

 
Training & Skills 
 

Newcastle University run a range of relevant technical 

modules as part of their MSc programmes in Flood 

Risk Management and Hydrogeology and Water 

Management, which the student would be able to 

attend as required, in addition to the usual suite of 

generic skills training within the Sage faculty PhD 

programmes. Specific training in use of the Shetran 



  

model will be provided, and the student will also 

benefit significantly from being part of an active 

modelling research group. 

Training in use of 3D geological software will be 

provided by BGS in short courses and on-the-job 

training.  Participation is expected in appropriate BGS 

courses in statistics (geostatistics, spatial sampling, 

timeseries analysis, the R platform).  
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