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Sustainable development of hydropower  
– tools and methods 

Atle Harby, CEDREN 
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Dams 

 Migration barrier 

 Loss of connectivity 

 Less access 

 Loss of biodiversity 



4 

Degraded habitat in bypassed sections 
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Change in downstream flow regime 
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Landscape effect 
Impacts on wildlife 
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Greenhouse gas 
emission control 
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Resettlement 
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Mitigation Fish stockings 

Fishways 

Physical constructions 



Flow and the environment 

flow 

environment 
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Variation  

important! 



Alternatives 

 

 

 

 

1. Investigate status  

Compare to other rivers  

Guess  

Model 
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Hydraulic models for rivers 
 HEC-RAS 

 Well known and widely 
used 

 1-D suitable also for long 
reaches 

 MIKE 11 
 Well known and widely 

used 

 1-D and 2-D suitable also 
for long reaches 

 Expensive 

 RIVER 2D 
 Robus, but not as well 

known or widely used as 
HEC-RAS or MIKE 11 

 SSIIM 
 3D including sediment 

transport 

 Widely in research use 
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Rapid changes in flow 
 stranding risk 



Lake and reservoir models 

 CE-QUAL-W2 calculates 
physical and ecological 
variables as a function of 
climate, flow and load 

 Results: Current velocity, 
temperature, ice, oxygen 
content, particle 
concentrations, chemistry, 
bacteria, sediments, algal 
growth, etc.  

 2-D model with user defined 
time steps 

 CE-QUAL-W2 is well suited for 
simulations in long and 
narrow lakes and reservoirs, 
as well as rivers, estuaries 
and fjords. 

Freeware from EPA 

Widely applied in Norway 



Biological and ecological 
models in running waters 

 Functional 
relationships 
 

 Correlations 
 

 Habitat models 
 

 Population models 
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Seasonal requirements 
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from Richter, adapted from Tharme & King 



….thank you for your attention! 


