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Overview 
 
In 2013, hydropower provided 16% of global 
electricity needs [International Energy Agency, 2015]. In 
Europe, most large-scale hydropower opportunities 
have either been developed or are now 
environmental or politically unfavourable [Abbasi and 
Abbasi, 2000]. There remains, however, an interest in 
increasing hydropower energy production. Attention 
for hydropower development has therefore turned to 
smaller-scale, particularly ‘run-of-river’ (ROR) 
schemes [Punys and Pelikan, 2007; Bódis et al., 2014].  
 
High-head ROR schemes are typically installed in 
upland, high-gradient rivers, with secondary channels 
over 1 km in length. Depending on location and 
design, there is considerable potential for high-head 
schemes to impact sediment transport, morphology 
and habitat along a river, including upstream, along 
and downstream of a hydrologically depleted reach. 
This has implications for ensuring that river meet 
good condition status under EU Water Framework 
Directive legislation. There are also open questions 
about the hydrological impact of run-of-river 

hydropower schemes; for example, do clusters of 
ROR schemes in one catchment impact the shape of 
hydrographs during high-flow events, and how does 
impacts compare to the impacts of natural flood risk 
management efforts? 
 
The environmental impact of large-scale hydropower 
schemes have been widely investigated [Kondolf, 1997; 
Brandt, 2000]. To date, however, there are is dearth 
of evidence into the hydrological, geomorphological 
and  
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Figure 1: Example of a run-of-river hydropower intake 
structure. 

 
 
ecological impact of ROR hydropower schemes. 
Indeed, a literature review carried out for Natural 
Resources Wales only identified one peer-reviewed 
‘highly relevant’ investigation on the impact of small 
high-head ROR schemes [RRC, 2016].  
 
There is thus a need for not only post-hoc but also 
before-after impact assessments [Anderson et al., 
2015]. Such before-after investigations also provide 
opportunities to investigate the fundamental dynamics 
of steep headwater channels, which have been 
relatively under-studied [Church, 2013]. For example, 
are there distinct morpho-sedimentological signatures 
in the transition from colluvial to alluvial reaches; 
what are the patterns, processes and rates of 
sediment transport through rock-bound channels?

 
Methodology 
 
This project involves field data collection and its 
analysis. It also involves modelling to assess the 
hydrological impact of large numbers of hydropower 
schemes in a single catchment. Such modelling has the 
potential to shed light on the following questions: how 
does the diversion of water along pipelines in multiple 
tributaries affect the timing of high-flow peaks; is this 
impact comparable in magnitude to natural flood risk 
management efforts? 
 
River catchments that have been developed for run-
of-river hydropower will be identified and a set of 
sites will be selected for post-hoc monitoring. Sites 
that are currently consented for development, but 
where development has not yet started, will be 
identified for before and after assessment. These sites 
are likely to mostly be in Scotland, but sites may also 
be selected in Wales and Northern England.  
 
Field data collection and analysis: 

- Fluvial audit of impacted river reaches 
- Mapping river sediment cover and quantifying 

grain size distribution of sediment stores 
(physical sampling, automated grain size 
techniques) 

- Topographic surveying of impacted reaches 
and downstream floodplain to provide data 
for hydraulic modelling (total station, RTK-
GPS, Terrestrial Laser Scanning (TLS), UAV 
imagery for Structure-from-Motion (SfM) 
photogrammetry) 

- Bathymetric surveying of ponded areas behind 
intake weirs to monitor influx of sediment 
from upstream (echo sounding, RTK-GPS, 
total station).  

- Particle tracing to establish sediment 
transport rates (could include RFID pebbles, 
painted pebbles, smart pebbles) 

- Time lapse photography to monitor the 
dynamics of logs and sediment stores in steep 
headwater channels (followed by image 
analysis) 

 
Modelling: 

- High-flow estimation modelling for impacted 
catchments 

- 1D and 2D hydraulic modelling (e.g. using 
Flood Modeller Suite, TUFLOW) 

 
There may be an opportunity for a placement with a 
run-of-river hydropower regulator or developer. 

 
Timeline 
 
Year 1 

- Training in key field techniques 
- Site selection 
- Field data acquisition 
- Field data analysis 

 
Year 2 

- Hydrological and hydraulic modelling 
- Field data acquisition (repeat surveys) 
- Field data analysis 
- Conference attendance to present initial 

results 
- Submission of paper based on modelling 

 
Year 3 

- Field data acquisition (repeat surveys) 
- Field data analysis 
- International conference attendance to 

present field results 
- Submission of paper based on field results 
- Analysis and write up 

 
Year 4 (6 months) 

- Final analysis and write up of thesis 
- Thesis submission and examination 
- Share end results with key end-user groups 

 
Training & Skills 
 
Field training will depend on the prior skills of the 
student, but will include several of the following: 

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

- Hydrological modelling (e.g. Flood Estimation 
Handbook) 

  



- Hydraulic modelling (e.g. Flood Modeller 
Suite, TUFLOW) 

- Use of Matlab, R and/or Python for data 
processing and analysis. This may include the 
NERC Advanced Training Course ‘Statistics 
for Environmental Evaluation’ run by the 
School of Mathematics and Statistics, 
University of Glasgow 

- Fieldwork safety (Swiftwater course run at 
Glenmore Lodge) 

 
Transferable skill development: A full and progressive 
range of transferable skills training is accessible to the 
student through IAPETUS specific provision and the 
University of Glasgow. 
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