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Creation of physical barrier
- Fragmentation of ecosystem
- Disruption of ecosystem connectivity
- Disruption of geomorphological processes

Changes to reach hydrology
- Creation of impoundment
- Creation of depleted reach

- Changes to hydraulic conditions (depths, velocities, wetted
perimeter)

Changes to physical habitat & channel morphology
Physical damage to fish (& other wildlife)
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* Fish passes & easements

* Protective environmental flow regime

« Geomorphologically sensitive siting & design
« Screening
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 Approval required for formal fish passes

 They require detailed technical design

« They can be complex and expensive to build

 Fish easements may be acceptable on smaller schemes
* Fish passes are not 100% efficient

* Fish lost from system

« Cumulative impact of multiple barriers
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To understand hydrological impacts you will need to
understand:

* Natural flow regimes
« Hydropower abstraction regimes
* Hydrological setting of schemes
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[ Hydrology } Flow — ‘the master variable’

@ 4 Impacts )
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- Habitat Biological
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@ _ level )
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Source: Ecological indicators of the effects of abstraction and flow
regulation and optimisation of flow release from water storage reservoirs
WFD 21d SNIFFER 2012
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|

Uncertainty in quantifying river flow-ecology relationships }

BUT

Ecosystems adapted to natural flow regimes

¥

Restrict deviations from the natural flow regime

¥

)

Ecological Limits to Hydrological Alteration (ELOHA)

—
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What measure? —
Richters Indicators of
hydrological alteration.

4 ELOHA — how far can )
you go?

What standards?
\_ Assessing deviation




Indicators of hydrological f”;ﬁnth'
alteration (IHAS) Resources

« Quantify components of the hydrograph
* Timing — frequency — magnitude — duration

« WFD risk thresholds for deviation

UKTAG Standards (Water Framework Directive Report 82)
0-10% for protected areas and HES.

10-40% low risk of failing to achieve GES

40-80% moderate risk

>80% high risk
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Convert ecological requirements into residual flow regime
via licence conditions

 Low flow protection — usually Q95 — low summer flow
* Flow variability — % take of available flow

* Protection of peak flows — max abstraction as
proportion of Qmean



Flow as % mean flow

Example of indicators of hydrological alteration

500% : :

Frequency

Natural flow

450% -

Residual flow

400% -

350% -

300% -

250% -

Magnitude == H

200% -

Quantifying of Duration J

deviation

100% ~

50% - H

Timing = Date
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Natural river flow time series for Quantify hydrological
hydrological regimes indicators of natural flow

Apply hydropower abstraction
scenarios

Quantify hydrological
Calculate residual flow time series Indicators of residual
flow

Compare hydrological
indicators of natural and
residual flows

Assess impact of abstraction on
hydrological indicators
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What are we trying to achieve? —the principles
e Zones 1,2& 3
* Indicative mitigation based on importance for nature conservation

and gradient

Protecting our most important sites

Maintaining connectivity

Limiting spatial impact

Recognizing flashy upland hydrological regimes

Opportunity to simplify determination process



Zone 1. Designated sites, protected

species & supporting habitat
Designated sites inc:
 Special Areas of Conservation

« Sites of Special Scientific Interest

Supporting habitat for mobile SAC
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features - salmon =

Rare species — crayfish, freshwater =
pearl mussel
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Basic proxy for range of physical characteristics:
Location in catchment
-Catchment size
*Depleted reach geomorphology
«Catchment type (headwater/lowland)
*Hydrological regime (flashiness)
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Based on simple geomorphological classification.

one 2 Zone 3
<10% gradient >10% gradient




Tier 1
Indicative Mitigation Standards

[

Scheme for licensing non consumptive abstractions (including
hydropower)

v

No depleted reach
On-weir schemes

y
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\ 4 A 4

Zonel Zone 2

Designated sites, Depleted reach gradient

A 4

|

|

Tier 2
Site specific mitigation

Abstraction of up to
100% of available flow
above Hands off Flow

|

<10%
Lower catchment rivers
and streams

supporting habitats and
protected species.

A 4 A 4

A 4

Zone 3

Depleted reach gradient
>10%

Upper catchment streams

A 4

10 to 40% take 50% take
Max abs = 1.3 x Qmean Max abs = 1.3 x Qmean
Low flow protection = Low flow protection =
minimum of Q95 minimum of Q95

70% take
Max abs = Qmean
Low flow protection =
minimum of Q95

A 4 A 4

S e N

Environmental survey and impact assessment.
Also see guidance on zone movement for site characteristics and gradient
v v \ 4
Zone 1 Zone 2 Zone 3

Mitigation standards Mitigation standards

Mitigation standards




Flow as % Mean Flow

Plot showing natural and residual flows derived from hourly data for Millbrook on the Grwyne with
Zone 2 flow mitigation
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Flow as % Mean Flow

Plot showing natural and residual flows derived from hourly data for Millbrook on the Grwyne with

Q30/Q80 flow mitigation
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Flow as % mean flow
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Plot showing natural and residual flow for Zone 3 mitigation modelled at Esgair Carnau flow gauging
station onthe Hepste

—— Natural flow

—— Residual flow




Flow as % mean flow

Plot showing natural and residual flow for EA high head mitigation modelled at Esgair Carnau flow
gauging station onthe Hepste
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To determine Zone for indicative mitigation use criteria of
depleted reach gradient only

In considering movement between Zones take account of a combination
of the following:

Depleted reach gradient

*Hydrological regime

«Spatial position in catchment

«Catchment characteristics upstream of abstraction
«Contributing inflows
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WEFED - New impoundments in lower catchment streams and rivers are
unlikely to be licensed

For smaller impoundments with limited spatial impact -
Sensitive siting to:

« reduce backwater effect

* reduce sediment accumulation

* increase sediment passage

« ensure long term structural stability

* Avoid impacts of structure decommissioning/failure
* have no increase in flood risk

Minimise size of impoundment or preferably no impoundment
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Hydropower Siting and Design Guide

Waterfall
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« Screen design & orientation

 Escape velocities

 Bywash

 Aperture —3mm to 10 mm

 Type — bar, coanda, perforated plate, belt
« Cleaning

* Fish ‘friendly’ turbines
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Where in the catchment is it located?
Is It on an existing structure?
Does it create a depleted reach?

Is it within or likely to affect a designated site or
protected species”?

Are there migratory salmonids present?
What flow standards are likely to be applied?
Does it have good geomorphological siting & design?



