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Overview 
 
The last decade has witnessed two major 
methodological developments in rivers research. The 
first has been in the application of computational fluid 
dynamics (CFD) to explore flow structures in a range 
of river channel morphologies, including meanders, 
river channel junctions confluence-diffluence units 
(and braided river networks). Early attempts to apply 
CFD rapidly identified the problems of applying 
numerical solutions based upon boundary-fitted co-
ordinate systems. In the last few years, work at 
Durham University has advanced this problem 
through the development of immersed boundary 
technique and this has now evolved to the point at 
which it can be applied to reach-scale gravel-bed river 
problems as well as advanced turbulence 
representation. However, as yet, it has not been 
extended to address the question of sediment 
transport.  
 
The second major development has been in discrete 
particle modelling in rivers which involves a 
Lagrangian formulation, in which the tracks of 
individual particles are modelled explicitly through 
space and time. Work at Durham University has 
involved the first attempt to couple CFD modelling 
(described above), to discrete particle modelling 
(DPM), in straight channels with complex gravel bed 
topography. The results have been very encouraging 
and demonstrate the potential for developing a 
fundamentally original technique for addressing some 
of the classical questions that remain unanswered 

regarding sediment transport processes and channel 
change in rivers. As yet, the technique has only been 
applied to idealised channels, and not the complex 
morphologies of river channel units, such as junctions, 
bifurcations or meanders. The aim of this Ph.D. will be 
to develop these techniques for reach-scale 
application and to use it to answer key questions 
regarding form-process interactions at the river scale, 
with a particular focus on river channel junctions. 
These methodological advances allow a new approach 
to investigate a challenging problem in river science – 
the morphodynamics of channel confluences.  
 
When viewed at the larger scale, a river catchment 
can be described as a network made up of a series of 
linked nodes, where the nodes are confluences. 
Confluences are highly dynamic locations which 
demonstrate variable flow, turbulence, mixing, 
sediment transport and morphology. Conceptual 
models of flow through confluences are now accepted 
with a clear relationship between both junction angle 
and junction asymmetry and the intensity of 
secondary circulation: secondary circulation intensity 
is a positive function of junction angle and a negative 
function of junction asymmetry. However it is notable 
that the majority of the studies used to construct the 
conceptual models are located in lowland areas, 
although the branching nature of the river network 
implies that upland river confluences (Figure 1) should 
be more common than lowland junctions within a 
given catchment. It could be argued, therefore, that a 
complete understanding of the flow field has yet to be 
attained as the flow processes at upland confluences, 
in particular those with steep water surface slopes, 
have yet to be fully investigated. Furthermore, we still 
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know very little about how sediment moves through 
river channel junctions.  
 

 
Fig1: A series of upland confluences formed on 
relatively steep slopes. 
 
The focus of this PhD is to further our understanding 
of the sediment dynamics and morphology of steep 
confluences through a combined field and numerical 
model study. 
 

 
Methodology 
 
The methodology will involve: 
 
1. Familiarisation of the available modelling software, 
which will be a major undertaking, and will include 
identification of the necessary model developments 
that are required to extend discrete particle modelling 
to the case of reach-scale channel modelling. At least 
one of these developments will relate to updating of 
the model boundary in relation to erosion and 
deposition. 
2. Design of necessary field experiments to test the 
model as developed.  Field sites will be based on 
Alpine braidplains as they offer the most dynamic 
environment. Field-based experiments will integrate 
terrestrial laser scanning technologies, UAV and dGPS 
to collect the necessary boundary conditions and 
using PIT tags to trace sediment movement. 
3. Test the model to explore dynamics of river 
junctions, with different sediment transport rates and 
under different inherited flow conditions. 
 

 
Timeline 
 
Year 1 
Familiarisation with the numerical model including an 
assessment of the sensitivity of the numerical scheme 
to the boundary conditions. Testing of the model on 
existing data. Field survey and data collection to 
quantify the dynamics of confluences. The collection 

of the necessary boundary conditions for a numerical 
model. 
 
Year 2 
Development of the numerical model. This will 
include the improved representation of the treatment 
of the free surface and the coupling of a DPM. Model 
testing will include benchmark experiments as well as 
validation against the field data.  
 
Years 3 – 3.5 
Scenario testing of model against a range of 
confluences collected on the braid-plains. Upscaling of 
the numerical model to consider a series of multiple 
confluences. 

 
Training & Skills 
 
Training is fundamental to the development of 
postgraduate research students and, together with the 
DTP, University and Department we provide a 
substantial training programme. Priorities for training 
are determined from the ‘Training Needs Analysis’ 
carried out in the initial supervisory meeting with the 
student.  
 
Departmental training in (a) research skills and 
techniques and (b) research environment are 
provided through four mechanisms: (i)a programme of 
taught modules; (ii) internal training ‘workshops’ that 
focus on key geographical research skills and 
techniques; (iii) input from supervisors; and (iv) 
departmental seminars by visiting speakers and 
presentations by postgraduate students themselves. 
Physical geography research postgraduates normally 
take the taught departmental module ‘Implementing 
Research Design’ during their first year. The aim of 
this module is to help students put University training 
in research design into practice specifically in relation 
to physical geography research both generally and 
with regard to the student’s own project work. 
Students receive instruction in data collection and the 
scientific method, contextualizing and problematizing 
research in physical geography, planning for field- and 
laboratory work, and team and group working in 
physical geography. Assessment of students in this 
module is formative. In addition to generic training 
offered by the University, the Department also 
provides training through a series of in-house 
‘workshops’. These workshops offer the opportunity 
to gain both experience and knowledge with a 
number of tools in a specifically geographical 
disciplinary context and to gain an understanding of 
some of the wider structures and practices which 
make up academic life. This programme has been 
developed in response to postgraduate requests and 
is open to ALL postgraduate students irrespective of 
degree or year of study. 

  



 
Research training continues through the second and 
third years, and is based around a number of themes: 
Recognition and validation of problems; 
Demonstration of the original, independent and 
critical thinking, and the ability to develop theoretical 
concepts; Knowledge of recent advances within 
research field and in related areas; Understanding 
relevant research methodologies and techniques and 
their appropriate application within research field; 
Ability to analyse and critically evaluate findings and 
those of others; and Summarising, documenting, 
reporting and reflecting on progress. 
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Further Information 
 
Further information can be obtained by contacting 
Rich Hardy (r.j.hardy@durham.ac.uk) 
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