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Presentation title 

Iain Stewart-Russon, Simon Palmer and David Fraser 

Can we measure cumulative effects of hydro-power on 
migratory fish? 

 

Fish Passage 2015: Groningen (The Netherlands), June 24th 



 Questions: 
Can cumulative impacts occur? 

Are they important? 
 

 

  How can these be measured? 
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 Model 

Model element 1 – Hydropower scheme design 

Model element 2 – Spatial population element 

Model element 3 – Life cycle element 

How to assess cumulative effects? 



 Effects include: 

Entrainment / impingement 

Additional migratory impediment (up and downstream) 

 Loss of habitat for freshwater life stages  

Mitigation 

 Effects of Barrier can be included / excluded 

 Quantification 

 Pre-set values 

 Manual entry / override 

 Consenting standards (e.g. EA – US = 90%, DS = 95%) 

 

 

 
 

Model element 1- Hydropower scheme elements 



Define extent of Habitat Define max no of fish 
supported by habitat 

GIS based spatial population model  

Can generate pop data for any point 

Model Element 2 – Spatial population element 



Life Cycle model element 

Starting pop. adults 

M:F ratio 0.54 

Spawning female adults 

Fecundity 5,723 

No. eggs laid 

Egg to fry survival 0.1 

Total fry 

Fry to parr survival 0.11 

Total parr 

Parr to smolt survival 0.44 

Total smolts 

Marine survival 0.07 

Returning adult pop. 

Model element 3 - Life cycle element 



Model in Practice 



Model in Practice 



Barrier/ 
Segment

Structure 
Description

Existing 
upstream 

passability
Estuary - n/a

1 Warkworth Dam 0.72
2 Guyzance Mill 0.91
3 Acklington Dam 1.00
4 Felton Dam 0.93
5 Weldon Mill 1.00
6 None 1.00

BASELINE 

Hydroscheme passability assigned 90% upstream passability 

Barrier/ 
Segment

Structure 
Description

With HP 
upstream 

passability
Estuary - n/a

1 Warkworth Dam 0.90
2 Guyzance Mill 0.90
3 Acklington Dam 0.90
4 Felton Dam 0.90
5 Weldon Mill 0.90
6 None 0.90

6 x HPSs 

Cumulative Effects Scenario 
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All hydroschemes cause 5% downstream Smolt mortality 
 

Barrier/ 
Segment Structure 

Description

Existing 
downstream 
passability

Cumulative 
downstream 

effect of 
barriers

Estuary - n/a n/a
1 Warkworth Dam 1.00 1.00
2 Guyzance Mill 1.00 1.00
3 Acklington Dam 1.00 1.00
4 Felton Dam 1.00 1.00
5 Weldon Mill 1.00 1.00
6 None 1.00 1.00

BASELINE 

Barrier/ 
Segment Structure 

Description

HP scheme 
downstream 
passability

Cumulative 
downstream 

effect of 
barriers

Estuary - n/a n/a
1 Warkworth Dam 0.95 0.95
2 Guyzance Mill 0.95 0.90
3 Acklington Dam 0.95 0.86
4 Felton Dam 0.95 0.81
5 Weldon Mill 0.95 0.77
6 None 0.95 0.74

6 x HPSs 
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Cumulative Effects Scenario 



 Cumulative effects can occur. Magnitude depends on: 
 Location of the hydropower schemes; 

 Population; 

 Hydropower scheme design / benefits & dis-benefits 

 Model 
 Easy to use 

 Recognised 

 Can incorporate bespoke site specific data  

 Actual and/or hypothetical hydropower schemes can 

be assessed: 
 use as a strategic management tool 

 Applicability beyond hydropower schemes 

 

Key findings 



 Report published in January 2015: 
 Fraser, D., Palmer, S. & Stewart-Russon, I. (2015). Cumulative effects 

of hydropower schemes on fish migration and populations. 

Environment Agency Evidence Report number SC120078, January 

2015. 81pp. 

 

 

 Report is available at: 
 https://www.gov.uk/government/publications/cumulative-effects-of-

hydropower-schemes-on-fish-migration-and-populations  
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Thank you 
i.stewart-russon@apemltd.co.uk 

www.apemltd.co.uk 

EA Project Manager: 

 Stephanie Cole 

s.cole@environment-agency.gov.uk 
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