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• Run-of-River = no storage of water…

• ..but (usually) will include an impoundment

• Either water diverted into separate 
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• Either water diverted into separate 
channel (few m or 7rl km) and returned, 
or…

• …on, or immediately adjacent, to the 
impoundment.

Channel



Hydro Industry Assurances….

• With run-of-river schemes little reservoir 
impoundment takes place, and the little dams 
create little pounds which are very favourable for 
ecosystems, fish and water storage.
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• small-scale hydro is one of the most 
environmentally benign options available 
because it does not attempt to interfere 
significantly with river flows.



Examine those assumptions -

• Fish populations in depleted reaches
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• Migration, upstream and downstream

• Cumulative impacts



Flow in Depleted Reaches

• Current environmental approach - all 
elements of a flow regime are important.

• Flow critical to hydro scheme economics
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• Flow critical to hydro scheme economics

• Typical proposal is a “hands-off” (Q95-
<Q100) and then take all flow up to Qmean or 
greater.
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Salmonids and Flows, Jan 2010

0

20

40

60

01/01/04 20/02/04 10/04/04 30/05/04 19/07/04 07/09/04 27/10/04 16/12/04

F
lo

w
 (c

um
ec

s)



• Min flow approach - “like prescribing a person’s 
all-time worst health condition as a 
recommended level for a portion of his future 
well being.” 

• Small rivers are more at risk than large and 

Depleted reaches
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• Small rivers are more at risk than large and 
require a higher proportion of average flow to 
maintain environmental protection.

• Impacts – decreased biomass and density, 
change in species composition



Flow in Depleted Reaches

• Does it matter? Depends on length and 
significance of impacted reach, e.g. spawning 
reach, and cumulative effects.
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• A proportional take (e.g. 50:50) provides variability
– More difficult to engineer and effects the economics

• Is the  better solution no depleted reach – hydro on, 
or adjacent to, an impoundment?



WFD – may require connectivity improvement for all 
species in order to achieve GES or GEP. Legislation?

Migration
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Migration -
Impoundments…
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• Majority of r-o-r hydro use an impoundment 
• Recognised as a “specific pressure” in WFD
• Impacts – sediment, habitat and population 

fragmentation, fish migration etc.
• significant environmental legacy remains



Migration -Impoundments…
• Best option for migration, morphology and ecology 

is removal. Greater resilience to climate change?

• Hydro scheme –
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• Hydro scheme –
eliminates that option for >50 years



Upstream migration…
• Salmon and sea trout have finite energy reserves.

• Delay or repeated failure to pass obstacle 
may:
– Prevent spawning
– Choose sub-optimal spawning site
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– Unable to compete for mate
– Increased predation, poaching, disease
– Effect angling success



Upstream migration…
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Some weirs and natural obstructions are passable at 
higher flows or a specific flow window. Diverting flow 
through a turbine or a separate channel may reduce or 
eliminate fish passage.



Upstream migration…
•If turbine on weir and outflow distant from 
fish pass, fish may be distracted.

•Assumption therefore to co-locate pass 
and turbine. Turbine flow may augment 
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and turbine. Turbine flow may augment 
attraction; but not tested

•Small hydropower schemes can rarely 
afford to build fish pass. May be 
partnership opportunity



Upstream migration…
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Some fish passes may be overpowered in high flows and 
become impassable; diversion of water may actually 
increase passage windows.



Upstream migration…
Where diversion channel rejoins:

Choices??

•Salmon and sea trout invariably attracted to 
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•Salmon and sea trout invariably attracted to 
higher flows and velocities

• If no fish pass, wrong choice leads to delay or 
prevention



Upstream migration

• Even if fish search, unwillingness to enter 
depleted reach, or move through it

• SW rivers - further upstream, greater the 
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• SW rivers - further upstream, greater the 
flow relative to Q95 needed to stimulate 
migration

• Irish Guidelines, 50:50 flow split – but 
enough?



Downstream migration
•• Can be more problematic than upstream Can be more problematic than upstream 

passage passage 

•• Impoundment alone may result in losses of Impoundment alone may result in losses of 
18% and 9 day delay of trout smolts18% and 9 day delay of trout smolts

•• Where 45Where 45--80% of water diverted; losses 3080% of water diverted; losses 30--71% 71% 
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•• Where 45Where 45--80% of water diverted; losses 3080% of water diverted; losses 30--71% 71% 
of trout and salmon smolts + delayof trout and salmon smolts + delay

•• Predation, disorientation, entrainmentPredation, disorientation, entrainment

•• Smolt delay Smolt delay -- may lose optimum period for saline may lose optimum period for saline 
conditioningconditioning



Downstream migration
• Turbine mortality related to type and size of 

turbine, and fish species and length

•• Contact with turbine moving parts and structures, Contact with turbine moving parts and structures, 
and such as screen impingement, and such as screen impingement, 

•• Poor byPoor by--wash may delaywash may delay
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•• Poor byPoor by--wash may delaywash may delay

•• Delayed mortality e.g. infection from damageDelayed mortality e.g. infection from damage

•• Consider Scheme Passage Rate (SPR)Consider Scheme Passage Rate (SPR)



• Key to good d/s passage is the right screening 
and bywash

Downstream migration

•Bar spacing
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BUT……

•Bar spacing
•Size – approach velocity
•Angle
•Good bywash



High head schemes –
– small water volume / kW; small screen area
– fine screens economic e.g. Coanda

Low head –

Downstream migration
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Low head –
– large water volume / kW, requires large 

screen area; difficult to prevent blockage
– impact on economics; many schemes 

propose inadequate screening
– “Fish friendly” turbines



• Majority of r-o-r (<500kW) do not 
require an EiA.

Cumulative ImpactsCumulative Impacts
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• >500 kW - Schedule 2 of EiA SI, 
but optional…



Cumulative ImpactsCumulative Impacts

• An individual scheme could have big impact, 
but most have a lesser one –

“in its separate pieces small hydro does not 
have adverse effects on the environment. But 
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have adverse effects on the environment. But 
taken as a whole, thousands of small hydro 
plants can go far towards depriving this 
country of much of the ecological, cultural, 
and aesthetic properties of our streams and 
rivers” (Campbell 1985). 



• EA “Opportunity” mapping exercise:
– 25,935 barriers, ~6000 natural

• Scottish Resource Study

Cumulative ImpactsCumulative Impacts
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• Scottish Resource Study
– 36,252 schemes, ~1,019 “financially viable”



Cumulative ImpactsCumulative Impacts

Examples:
• Gowans et al tracked 54 salmon through 4 fish passes 

and one impoundment. Only 4 passed through all, and 
individuals delayed up to 52 days at one pass.
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• Larinier est. mortality of smolts through hydro schemes 
on  7 rivers in SW France. Cumulative losses varied from 
9% from 4 schemes to 64% through 23.

• Silver eels, cumulative mortality of 93% on the Rhine 
between Lake Constance and Basel 



What are the principal operational questions?

• Is it worth it?
– E&W “Opportunity” mapping

• 25,935 barriers = 590MW ~ 0.5 % of elec demand
- Severn Barrage – 8600 MW
- Offshore Wind – 25,500 MW
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- Offshore Wind – 25,500 MW

– “Every little helps”
– Prof D MacKay, DECC Chief Advisor: “Don’t be 

distracted by the myth that every little helps.” 

– Campbell (1985) - careful economic analysis of 
proposed small hydropower plants will show that 
many are poor investments for society.



What are the principal operational questions?

• Is it worth it?
– some solutions elsewhere:

• Denmark; no new, and existing impoundments, hydro & fish 
farm, demolished because of WFD.

• Germany; 1999 - no hydro <100kW;  2009 few new <10MW . 
Retrofit fish passes. (E&W 24890<100kW; 19000<10kW;  
largest ~1.5MW). 
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largest ~1.5MW). 
• France & others: hydro free catchments; retrofit pa sses, all 

new schemes have passes
• Sweden, France, Germany, U.S., demolishing even eco nomic 

schemes to improve fish passage.
• U.S. LIHI Certification scheme require variable flo ws + 

demonstrate 100% up- and downstream passage



What are principal constraints on delivery of 
protective flows?

Economics
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What principal scientific questions remain 
and the benefits of answering them?

Socio-economic cost of r-o-r hydro vs 
improved continuity of river systems for all 
species.
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• BHA do not want to believe any evidence 
that hasn’t been completed in UK



A Way Forward?
• Each catchment should have a strategic review of fish 

passage
• Identify priority catchments where no hydropower will be 

approved
• Priority to remove obstructions if technically feasible
• The EA’s opportunity study - “Win:Win” by co-locating 

hydropower and fish passes. But who pays? Priority?
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hydropower and fish passes. But who pays? Priority?
• Financial inducements -grants, ROCs or Feed-In Tariffs 

– only available for schemes which fully mitigate for their 
environmental impact

• Schemes which cannot demonstrate no environmental 
damage should be refused consent

• Use alternate sources – STW, Water transfer



Position Statement
RUN-OF-RIVER HYDROPOWER
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RUN-OF-RIVER HYDROPOWER



“If building small hydropower across the country
made a major contribution to the nation’s energy
supply, the damage to the environment could be
forgiven. That is not the case……….. you’re talking
about power not even equal to the amount a major

and finally….
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about power not even equal to the amount a major
city could save in a minimal conservation
programme. In the future, we’ll have new ways to
generate power. But we’ll never learn how to build a
wild trout stream”

Los Angeles Times editorial 1985



R. Ribble, Settle

Is it worth it?
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Yorks Esk, RuswarpIs it worth it?
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