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Outline

@ Historic impacts on our rivers

© Development of WR regulation
© The hydrological tools

© Types of abstraction impact

© Potential cost/benefit of changes
© Modelling flow/salmon migration
© Climate change



Historic impacts

© Water power impoundments
2 Navigation

© Water quality

@ Abstraction



Historic impacts

© Weirs (16000+)
Installed for water power
< 1000 years +

2 Impact on fish

© Migratory fish not
considered

2 Industrial revolution
© Very polluted rivers

2 Old mills/weirs
© Historic structures



Navigation

© Many rivers made
navigable in 18" C

© Weirs to control level
with locks around

© Heritage still present



Water quality

@2 No control from
Industrial revolution
until early 20t C

© Major improvements
on STW since 1974

© Diffuse pollution still a
problem



Public Water Supply

Rivers

(polluted by the Industrial
revolution)

Response to health crises

Victorian engineering
availability of clean water
treatment limited

Water often brought long
distances

Powers obtained through Acts
of Parliament

Wells/springs
Reservoirs
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Reservoirs
(heavily managed flow downstream)

© Water in store
© cheap gravity operation

@ Compensation flows

2 needs of d/s users
o flat line flows
© what environmental need?

@ Impact of flows
downstream still to be
assessed
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Water abstraction

8.5%

Other Industry

Fish/Cress farming |
11.4% Private water supply

0.4%
J

Other

1.1%

_ Public Water Supply
45.4%

c25,000 abstraction licenses

24,000 < 20cu.m.d. deregulated

Power Generation

Agriculture
1.1%

32.1%

Actual abstraction is 50 to 60% of licensed abstract

ion




Managing abstraction - the tools

Legislation

© Abstraction Licences - (usually a fairly constant amount)

< hourly, daily annual quantities
© Hands off Flow conditions (HoF’s)
© Time limited licences

Information
© Dally flow hydrographs

© daily flow variation (management of HOF’'s on licenc  es)
© show extremes & variability, wet/dry years, seasona | effects of weather
© does not enable long term management

@ Long term flow statistics

2 long term representation of resources
© includes extremes

@2 Groundwater data



Assessing the impacts

© SW & GW Abstraction impacts on water flows &
levels

© Discharges (STW’s) return water
2 Impact of abstraction/discharge on natural flows

© WEFD views flows and water levels as supporting
elements to ecological status

< Difficulties in relating impacts to ecological status



Abstraction
Discharge
analysis

environmental
Impact?



Abstraction impact - assumptions

© Shallow, wide upland rivers are more sensitive to
abstraction impact

© Rivers fall in 9 categories, 3 different sensitivity
groups

© You can take a greater percentage of high flow than
low flow

Alternative assumptions
© All rivers have a similar sensitivity
2 You can take 25% of the flow



Types of rivers -

Flashy upland

© Rapid response to rainfall
@ Very high peakflows
© Low baseflow

© 095/0mean<0.1
|
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High Baseflow rivers

Chalk and Sherwood sandstone

2 Rain absorbed by aquifer
© No sudden peaks in flow

2 River flow depends on
groundwater

2 Q95/Qmean >0.2
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Drought?

Metres AOD
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© Cycle of wet to dry years
2 Most obvious from GW records
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How does the ecology change?
The ecology does recover
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Hydro-ecology

2 Hydrological features important to ecology
<o floods, droughts, flow variability (flow)

o depth, velocity, wetted usable area (very reach specific - so flow used
as a surrogate)

2 10% change in flow at Q95 = 2-3% change in WUA and velocity
o timing of events (migration, spawning, etc)
© Natural change driven by weather

< Temperature
2 summer river temperature near salmonid limit in South)

© Water Quality parameters
© biological, chemical

o Ecology adapts/responds to the environment



Types of abstraction impact

© Run of river
@ Groundwater
© Reservoir



Flow (MI/d)

Abstraction impact 20%

1000
950 ~
900 ~
850
800
750
700
650
600 -
550
500 ~
450 ~
400
350 ~
300 ~
250
200
150
100 ~

50 -

Long Term Natural

— RAMEW RFO,

EW Band m
——— HDERF,
EW Band m

— WFD48
SalmonNOTchalk

— WFD48 A2 GES

abstraction 20%

Oct-95

Apr-96
Date

Oct-96



1st River Basin Plan

Abstraction/discharge
analysis

Grey = not assessed
Green = compliant
Yellow = non-compliant 1
Orange = non-compliant 2
Red = non-compliant 3

Action at
© HD sites
© Band 3 + <GES



WFD - Diffuse source pressures



Flow Deficits in England

© Using UKTAG standards
© 8000 assessment points - Deficit = 3300 Mld

© Using EA CAMS data
© 1200 assessment points - Deficit = 1100 Mld

© Range of deficit = 1100- 3300 Mld

© 90-95% due to Water Company
abstractions

© Potential cost £2 to £18billion



WED 1st River Basin Plan WR actions

© Protection - no deterioration In current water
status

@ Improvement — aim of good water status by 2015
© HD subsumed into WFD
© Confidence of ecology failure for action
© Revise WFD flow standards in light of monitoring and investigation
© Cost effectiveness of measures
© Mechanisms for action/cost



Managed flows
Heavily Modified
Water Bodies
(HMWB'’S)

2 Not assessed in WFD
analysis
2 50% of Public Water

Supply from reservoirs

& flow managed rivers
(the grey rivers)



Reservoirs — heavily modified water bodies

= Classified on
presence/absence of
mitigation measures

© Objective of Good
Ecological Potential

Any change

< Must consider the reasons
for modification

© Must take account of
impact on use

= Must take account of cost
In measures



GB3
WR HMWB/ AWB

Lakes and Reservoirs
Ecol Potential 2009

© Green =GEP
© Purple = Mod EP

2 White = under review or
not yet assessed



GB1 river HMWBSs
associated with
Impoundment

GB1 managed flows
(March 2009)

+ Small additional Drinking
Water Protected Area
Reservoirs 2009



Water levels In reservoirs
Flow regimes downstream of reservoirs



Reservolir contents



‘Flat line’ compensation



Augmentation



Hydropower + augmentation



Managed flows
Compensation-augmentation

flow
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~eatures of a ‘better’ flow regime

© Adequate low flow

© Flow variability

2 Some ‘bank full’ flows

@ Visual change in hydrograph

© What flow changes?
© What species?



WR HMWB

Programme of Measures — with water co’s

© Improve science and understanding of ecological
outcomes of mitigation measures

© Effectiveness of mitigation measures

© Trial apPllcatlon of mitigation measures and assessment
of bene

© Social and economic impacts of mitigation measures
© Adverse impact on use
© Adverse impact on the wider environment

© GEP is the outcome of the best application of above



Modelling Impacts on migratory fish
EA - Salmon Migration Model

© Based on flow:
» 'Natural' flow as daily time series
o 10%, 15%, 20% continuous abstraction scenarios
 ASBI, 2 & 3 'stepped' abstraction scenarios

© Does not consider effects of:
* Physical barriers
 Temperature

© Model simulates pattern of arrival and fish 'loss' i.e. number of salmon failing to
enter freshwater, in:

* Dry year (1995)
* Wet year (1998)

© Analysis of salmon migration model results
» Percentage of fish lost
» Total number of fish migrating



Salmon Migration Model
Taw results

© Fish loss in wet year (1998)

Percentage fish loss under different flow scenarios for the River Taw in 1998
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Salmon Migration Model
Taw results

© Fish loss in dry year (1995)

Percentage fish loss under different flow scenarios for the River Taw in 1995
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‘Problem’ Fish Rivers

Ash (Herts)
Avon (Hants)

Dee

Dove (Derbyshire)
Erme

Hertford

Itchen

Kennet

Mimram
Misbourne

Piddle

Plym

Rib

River Hull

Slea
Stour (Hants)
Tavy

Teme

Thames (around
Oxford)

Upper Rye

Ver

Washburn (N
Yorks)

Wensum
Western Rother
Windrush
Wylye

Yealm



Major Salmon &
Trout rivers

37 of 64 salmon action plan
rivers at risk of failing
conservation limit in 2010



Overall conclusions

Salmon Migratory model

© Model results raise several guestions:

© What is an acceptable additional loss of migrating fish (above natural) for the
achievement of Good Ecological Status under WFD?

© How does WFD Good Ecological Status relate to Conservation Limits for
Salmon Action Plan rivers within the WR regulatory framework?
© How does the impact of abstraction compare to the impacts of
morphological pressures (e.g. barriers) and the effects of water
temperature?

WFD Water Body flow impacts analysis

© some water bodies with a fisheries problem failing EFI's

© Some problems may be due to water quality (flow is greater than natural flow)
or physical barriers

© Some problem rivers flow is OK
© Are other pressures more important?



Climate change

How will flow statistics change?
© Greater unreliability of water for abstraction

© How will the environment change?
© Natural, wetlands, agriculture
@ The ecology will change and adapt

2 WiIll ‘flow standards’ be the same?
© Temperature will be the biggest driver

Change in water demand
© Population growth

© agriculture

How do we balance the changes?



Fixed EFI

15%reduction in flow



Changed
EFI

15%reduction in
flow



Conclusions

@ Can analyse abstraction/discharge impacts on flows

© Poor link between flow/abstraction pressure and
ecology — confused by other pressures

© ‘other pressures’ may be more significant to fish eg
barriers & WQ

© Cost/benefit of change to ‘run of river appears very
high

© Cost/benefit of change to compensation flows may be
more favourable



Thank you



