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Overview 
 

The onset and rate of sediment transport in gravel-

bed river channels are both difficult to predict 

accurately and difficult to measure in the field. 

However, understanding the conditions under which 

gravel will move is important for understanding the 

morphological evolution of river channels, how they 

will respond to external forcing and their management 

and restoration.  

 

Recent research by the supervisors has measured the 

3D arrangement of grains in water-worked gravel 

river beds created in a flume (Figure 1). These data 

were used to parameterise a moment-balance model 

that calculates the shear stress required to entrain 

individual grains according to the properties of that 

grain. The model results suggest that the distance by 

which individual sediment grains protrude out of a 

gravel bed is a key control on the force required to 

move those grains (Figure 2), and consequently the 

mobility of the gravel bed.  

 

The amount of grain protrusion will also affect the 

surface morphology of the gravel bed; if all the grains 

have low protrusion, the bed will be smoother,   

whereas grains with larger protrusion will create a 

rougher bed. This suggests that the surface 

morphology could be used to give an indication of bed 

stability, such that for a given grain size, rougher beds 

will be more easily entrained than smoother beds. 

The aim of this project is to test this idea, using a 

combination of both field and flume work, and to 

develop a proxy for gravel bed mobility that can easily 

be applied in the field. 

 

 
 

Figure 1: An example of the 3D data used to calculate 

grain protrusion. The basket is 0.25 m across and was 

extracted from a water-worked flume bed. Data were 

collected using a CT scanner.  

See http://www.nercpatches.org 

 

 

 

https://www.dur.ac.uk/geography/staff/geogstaffhidden/?id=9857
https://www.gla.ac.uk/schools/ges/staff/richardwilliams/
https://www.dur.ac.uk/geography/staff/geogstaffhidden/?id=792
http://www.nercpatches.org/


 

  

 
Figure 2: Dimensionless critical shear stress (τ*c) 

against P/D50 (grain protrusion divided by the median 

grain size) for grains in a water-worked gravel bed. 

Colours show grain size from small (yellow) to large 

(blue). 

 

 
Methodology 
 

The main methods used in this project will be 

laboratory experiments, field measurements and 

statistical analysis. 

 

Laboratory experiments will be undertaken in the 

flume in the newly refitted hydraulics laboratory at 

the University of Glasgow. The aim of the 

experiments will be to quantify relationships between 

sediment grain size, surface topography, and critical 

shear stress. The exact experimental design will be 

determined by the PhD student, but will broadly 

consist of water-working gravel beds to produce 

varying surface topographies, measuring the surface 

topography (using structure-from-motion techniques), 

and then increasing the flow to identify the conditions 

at which the bed starts to mobilise. Hydraulics data 

will also be collected. The analysis will include the use 

of different techniques (e.g. Hodge et al, 2009; Powell 

et al., 2016; Masteller and Finnegan, 2017) to quantify 

the bed structure in order to identify the measure of 

bed topography that best correlates with the 

measured bed stability. Subject to additional funding, 

there is also potential to carry out flume experiments 

in collaboration with Elowyn Yager, using facilities at 

the University of Idaho, USA (e.g. Monsalve and 

Yager, 2017). These flume facilities have different 

measurement capabilities compared to the Glasgow 

flume, and will extend the range of possible 

experimental approaches. 

 

Field measurements will be undertaken at one or 

more UK field sites. These will include measuring 

grain size and bed topography in different parts of the 

channel using terrestrial laser scanning or structure-

from-motion techniques. Bed stability during a range 

of flow events will be measured using one or more of 

bedload tracers, painting techniques, in-situ tags and 

impact sensors. Bed stability could also be measured 

using force-gauge measurements (Hodge et al., 2013). 

The local flow conditions in the channel will be 

monitored throughout the fieldwork period. The bed 

topography will be resurveyed after flood events to 

identify any temporal changes in bed structure in 

response to flow and sediment transport events. The 

bed topography data will be analysed using similar 

techniques to the flume experiments in order to 

derive relationships between bed topography and 

sediment entrainment. 

 

The data from the flume and field experiments will 

ultimately be used to develop a new way to 

incorporate grain protrusion into bedload transport 

models. 

 
Timeline 
 

Year 1: 

Training in key laboratory and field skills 

Set-up of field locations 

Experimental design and pilot experiments 

 

Year 2: 

Flume experiments  

Data analysis 

Field data collection 

UK conference attendance to present preliminary 

results 

 

Years 3 and 3.5 (18 months total): 

Finish flume experiments 

International conference to present results 

Submission of journal article based on results 

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, grain size analysis) 

- Field flow measurement and monitoring 

techniques (Acoustic Doppler Current 

Profiler, Acoustic Doppler Velocimetry) 

- Laboratory data collection methods (ADV, 

Particle Imaging Velocimetry) 

- Use of Matlab, R and/or Python for data 

processing and analysis.  

- Fieldwork safety (Swiftwater course run at 

Glenmore Lodge) 
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Further Information 
 

Please contact Dr Rebecca Hodge 

(rebecca.hodge@durham.ac.uk, 0191 3343503) 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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