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Overview 
 

Bedrock-alluvial channels (channels with a bedrock 

bed and/or walls) are common in the upstream 

reaches of river networks. Being able to predict the 

rate at which water and sediment are conveyed 

through these sections of channel is necessary for 

applications including river management (e.g. 

minimising the impacts of hydropower schemes), 

flood mitigation, and understanding long-term 

landscape evolution. In order to predict the behaviour 

of these channels, we first need to understand their 

flow resistance. An understanding of flow resistance 

means that we can use the supplied discharge and 

channel geometry to predict the water depth and 

velocity, which in turn affect the likelihood of flooding 

and drive sediment transport and bedrock erosion.  

 

Flow resistance in alluvial channels is typically 

predicted as a function of D84 (the 84th percentile of 

the grain size distribution; Ferguson, 2007), which 

reflects the fact that sediment is the dominant source 

of roughness in these channels. However, in bedrock-

alluvial channels the shape of the bedrock can be a 

significant source of roughness, and there may be little 

or no sediment cover. Consequently, flow resistance 

methods based on D84 are not applicable in this 

setting. The aim of this project is therefore to analyse 

the relationship between bedrock morphology and 

flow resistance in bedrock-alluvial channels, in order 

to develop a new method for predicting flow 

resistance in these channels. 

 

 
 

Figure 1: Example bedrock-alluvial channels, in which 

sediment is not the main source of flow resistance. 

 
Methodology 
 

The project as outlined below is primarily based 

around a computational fluid dynamics (CFD) 

numerical modelling approach, however it would also 

be possible to undertake the same project with a 

primary focus on flume experiments instead.  
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Both CFD and flume model approaches start with 

topographic measurements of real bedrock channels. 

The supervisors have previously collected topographic 

data of the bed and walls of a number of bedrock 

channels, which can be used in this project. To extend 

this dataset to include different forms of channels, the 

student will undertake fieldwork in the UK (and 

potentially the USA). They will use survey techniques 

(terrestrial laser scanning and structure from motion) 

to measure the topography of bedrock river beds.  

 

The surveyed bedrock topography will be used as the 

lower boundary in a CFD model of the river. Model 

runs will be undertaken using a range of bedrock 

topographies and applied discharges. The model 

results will be analysed to identify the overall flow 

resistance, as well as the pressure gradients on 

particular features of the bed. The latter analysis will 

enable us to identify the dominant bed structures that 

determine the overall flow resistance. A sub-section 

of model runs will be verified using flume experiments 

(see below).  

 

Following the outcomes of these first runs, a second 

set of model runs will be designed. In these runs the 

initial bedrock topography will be manipulated, e.g. by 

removing all topographic features above or below a 

certain wavelength, or by rotating the alignment of 

bed features with respect to the flow direction. These 

experiments will be used to identify the dominant 

roughness scales that determine the overall flow 

resistance.  

 

Flume experiments in the newly refitted hydraulics 

laboratory at the University of Glasgow will be used 

to validate the CFD modelling. This could use an 

existing 3D-printed scale model of a bedrock-alluvial 

channel (Figure 2, Hodge and Hoey, 2016), or a new 

channel topography selected for this project. The 

flume experiments will primarily record the flow 

depth and water surface profile for a range of 

discharges, but could also investigate the flow 

structures that are induced by the bedrock 

topography. In a project with a greater flume focus, 

these experiments could be expanded to include the 

effect of varying size and extent of sediment cover on 

the flow resistance. 

 

The data from the modelling and flume experiments 

will be analysed with a range of statistical techniques 

in order to develop predictive relationships of flow 

resistance. 

 

 
 

Figure 2: A 1:10 scale model of a bedrock-alluvial 

channel, created using 3D printing. Flume is 0.9 m 

wide. 

 
Timeline 
 

Year 1: 

Training in key modelling and flume skills 

Fieldwork to measure bed topographies 

Design of 3D beds for modelling experiments 

Experimental design and pilot experiments 

 

Year 2: 

Modelling experiments  

Data analysis 

Validation flume data collection 

UK conference attendance to present preliminary 

data 

 

Year 3: 

Finish modelling experiments 

International conference to present model data 

Submission of paper based on model data 

 

Year 3.5 (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: 

- Use of a 2D/3D hydraulic modelling package 

- Field surveying and data analysis (differential GPS, 

use of Unmanned Aerial Vehicles, Terrestrial Laser 

Scanning, Structure from Motion techniques) 

- Design and construction of laboratory river beds 

(CAD; 3D printing) 

- Laboratory data collection methods (ADV; Particle 

Imaging Velocimetry) 

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

and analysis.  
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Further Information 
 

Please contact Dr Rebecca Hodge 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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