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Overview 
Rivers generally flow in channels cut into alluvial 
sediments transported and deposited by the river 
itself. The mutual self-adjustment of morphology, flow, 
and sediment transport in alluvial rivers has been 
studied for over 100 years and is increasingly well 
understood. But in many headwater streams, and also 
in places along some larger rivers, there is so little 
alluvial cover that the underlying bedrock is exposed 
in the bed and banks of the channel. The common 
occurrence of such bedrock sections means that they 
are an integral part of the way in which sediment is 
transported downstream in these systems, and 
therefore any management of upland rivers (whether 
for ecology, to mitigate impacts e.g. from 
hydropower, or for restoration e.g. from mining) 
needs to also consider the role of bedrock sections.  
 
In comparison to alluvial channels, the dynamics of 
channel sections with exposed bedrock are relatively 
less well understood. The timescales over which 
bedrock erode are relatively long compared to the 
response times of alluvial channels; consequently the 
bedrock channel morphology may be out of 
equilibrium with the current flow regime. This has 
implications for the hydraulics and sediment transport 
in these systems.  

 
This project will focus on two of the most important, 
but also least well understood, aspects of bedrock 
channel processes: flow resistance and sediment 
entrainment, and also the interaction between the 
two. Flow resistance determines how water velocity, 
as well as other flow properties such as turbulence 
and flow structure, change as water level rises. The 
flow resistance must depend on the roughness of the 
river bed, which in alluvial channels is conventionally 
quantified in terms of sediment grain size. The bed 
surface in a bedrock channel is a composite of 
bedrock and overlying sediment. The hydraulic 
roughness of channel roughness elements has been 
addressed in engineering literature. However, the 
complex geometries of natural channels mean that 
research is still required to quantify the roughness of 
the exposed bedrock component, in order to predict 
flow resistance; this is the first aim of this project.  
 
Sediment entrainment in gravel-bed alluvial channels is 
thought to begin at a flow level that depends on the 
average size of the gravel, and the differential mobility 
of individual grains can be predicted from the ratio of 
their size to the average size. On exposed bedrock it 
is likely that the flow required to move loose pebbles 
depends on the ratio of their size to some 
characteristic roughness length scale of the bedrock, 
but it is not known what length scale to use for this 
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nor whether it is the same as the roughness height 
that best predicts flow resistance. Another issue is 
that bed roughness varies with the scale at which it is 
measured, and it is currently unclear as to what the 
most appropriate scale is. The second aim of the 
project is to investigate these. 
 
The final aim of the project is to investigate the 
interactions between sediment cover and flow 
resistance, i.e. the combined resistance of a mixture 
of bedrock and alluvial cover. On smooth bedrock 
beds additional sediment cover will make the bed 
rougher, increasing flow resistance, decreasing flow 
velocities and potentially increasing the probability of 
subsequent sediment deposition. On rough beds 
sediment deposition could decrease bed roughness, 
potentially inhibiting further sediment deposition. 
However, these feedbacks have not been tested or 
quantified. 

 
Methodology 
Investigating these processes in the field is difficult so 
the project will use controlled experiments in a 
laboratory flume. The flume experiments will use a 
range of different artificial beds, from simple 
geometrical configurations through to scale models of 
actual bedrock river beds, produced using a 3D 
printing technique pioneered by the supervisors and 
based on detailed laser scans of the field sites. 
Contrasting sites will be modelled, including one 
where flow is along the dip of a smooth rock bed and 
one where flow crosses transverse ribs of bedrock. 
Three sets of experiments will be undertaken; each 
addressing one of the project aims. 
 
For each bed, initial experimental runs will measure 
flow resistance at different flow rates, which is easily 
measurable in such models. Experiments will also 
quantify the turbulence and structure of the flow. 
 
The second set of experiments will measure the 
entrainment of test grains of different sizes, and 
placed in different positions relative to bed 
topography. Sediment will be introduced to the flume 
in order to form sediment patches. The stability of 
these patches will then be investigated by gradually 
increasing the flow rate until the sediment patches are 
entrained.  
 
The final set of experiments will quantify the impact of 
sediment patches on flow resistance. Sediment 
patches will be allowed to form in the flume, and then 
the flow will be cut off, and the patches glued in place. 
Measurements similar to the first set will then be 
undertaken to quantify the impact of the sediment on 
the flow resistance. There is also potential to take 
simultaneous measurements of sediment entrainment 

and hydraulics to assess dynamic feedbacks between 
flow, sediment entrainment and bed roughness. 
 

 
Figure 1: A 1:10 scale model of a bedrock-alluvial 
channel, created using 3D printing. Flume is 0.9 m 
wide. 
 
Flume experiments will be undertaken at the 
University of Glasgow. However, subject to additional 
funding, flume experiments could also be undertaken 
in collaboration with Prof. Elowyn Yager, using flume 
facilities at the University of Idaho, USA. These flume 
facilities have different measurement capabilities 
compared to the Glasgow flume, and will extend the 
range of possible experimental approaches.  

 
Timeline 
Year 1: 
Training in key laboratory and field skills 
Design of 3D beds for flume experiments 
Experimental design and pilot experiments 
 
Year 2: 
Flume experiments (distributed through the year) 
Data analysis 
Validation field data collection 
UK conference attendance to present preliminary 
flume data 
 
Year 3: 
Finish flume experiments 
International conference to present laboratory data 
Submission of paper based on laboratory data 
 
Year 4 (six months only): 
Analysis and write up 

 
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. 

  



Research training 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. 
 
Training that is specific to this project will include 
some of the following: 

- field surveying and data analysis (differential 
GPS, use of Unmanned Aerial Vehicles, 
Terrestrial Laser Scanning, Structure from 
Motion techniques) 

- field flow measurement (Acoustic Doppler 
Current Profiler, Acoustic Doppler 
Velocimetry) 

- design and construction of laboratory river 
beds (CAD; 3D printing) 

- laboratory data collection methods (ADV; 
Particle Imaging Velocimetry) 

- Use of a 2D/3D hydraulic modelling package 
- Use of Matlab, R and/or Python for data 

processing and analysis. This will include 
attendance at the NERC Advanced Training 
Short Course ‘Statistics for Environmental 
Evaluation’ run by the School of Mathematics 
and Statistics, University of Glasgow. 

- Fieldwork safety (Swiftwater course run at 
Glenmore Lodge) 
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Further Information 
Please contact Dr Rebecca Hodge 
(rebecca.hodge@durham.ac.uk) for further 
information on any aspect of this project.  Note that 
there is scope to tailor the specific components of 
this project towards the individual interests of the 
student. 
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