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What i1s an environmental flow?

e « Flows of food, waste, air and
Lo water pollution - environmental
o governance and social theory

 Flow of energy or
0 Institute of Thermomechanics AS CR, v. ﬂ u Id in the
Academy of Sciences of the Czech Republic .
environment

e Environmental flow Is the amount
of water needed in a watercourse
to maintain healthy ecosystems

The Free Encyclopedia



Terminology

Minimum
ecological flow

Compensation flow

In-stream flow
requirement

Ecological reserve

Environmental flow

low flow threshold above which
flow must be maintained to
conserve basic river species

flow released from a reservoir
for downstream users to abstract

low to average flow needed to
maintain in-channel river
ecosystem, not the floodplain

volume of water not available
for abstraction that must be
reserved for the river
ecosystem

total flow regime needed to
maintain river ecosystem



The starting point

River ecosystems are determined by a range of
factors, including light, temperature, oxygen level,
organism interactions ...

Flow interaction with channel geometry, plants etc
creates physical habitat:

e depth
o velocity
e Wwetted bed area




Management of rivers

Half of world’s large rivers
are impacted by dams
(Nilsson et al., 2005)

Less than 15% of UK
rivers have a natural
flow regime

Less than 10% RHS sites
free from structural
modification

Centre for
Ecology & Hydrology
NATURAL ENVIRONMENT RESEARCH COUNCIL

RAI




Types of hydrological impact

discharge

time

discharge

|

AW

time

Direct abstraction

Reduced baseline — maintain
variability

Restrictive management
needed

Impoundment

Magnitude and variability may
be reduced; magnitude may
be increased

Active management needed



A natural or a working river?



What sort of river do you want?



Objective-based flow setting

Habitats Directive
(92/43/EEC)

maintain or restore
favourable conservation
status'

Water Framework
Directive (2000/60/EC)

achieve ‘good status’ in
water bodies

Reference Conditions
1

I
(nearly) totally undisturbed OK
slight alterations Q
moderate alterations &
major alterations m measures

severe alterations needed
0



Scenario-based flow setting

* NoO pre-set objective

- non-designated sites

o Stakeholder participation
— local community action

e Trade-off between
abstraction and conservation

— economic value eg. Axford



What baseline?
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1.800

1.600 -

1.400 -

1.200 -

1.000 -

0.800

0.600

0.400 -

0.200 -

0.000 |
01/01/1986 20/02/1986 11/0

4/1986 31/05/1986 20/07/1986 08/09/1986 28/10/1986 17/12

date

/1986




What baseline?

flow

1.800

1.600 -

1.400 -

1.200 -

1.000 -

0.800

0.600

0.400 -

0.200 -

0.000 |
01/01/1986 20/02/1986 11/0

4/1986 31/05/1986 20/07/1986 08/09/1986 28/10/1986 17/12

date

/1986




What baseline?

flow

1.800

1.600 -

1.400 -

1.200 -

1.000 -

0.800

0.600

0.400 -

0.200 -

0.000 |
01/01/1986 20/02/1986 11/0

4/1986 31/05/1986 20/07/1986 08/09/1986 28/10/1986 17/12

date

/1986




Environmental flow methods

Over 250 methods, but

e Look-up tables

* Desk-top analysis
* Functional analysis
« Habitat modelling

All methods have
advantages and
disadvantages



Look-up Indices

e pased on river flow
statistics

e compensation flow
from reservoir France -
minimum IS 10% of
mean flow

 for regulating
abstractions in UK
“hands-off” flow of Qg



70% of flow

discharge




Example look-up methods

Tennant Method
e.g., 60% of flow = ‘good’ fish habitat
10% of flow = ‘poor’ fish habitat
RSA Desktop Method
e.g., 40% of flow = Class B river
UK WFD:
e.g., 90% of flow for “good ecological
status” in sensitive rivers
Australia:
e.g. 2/3 flow need for a healthy river



Water Framework Directive maximum abstractions

Type or Season flow> Qg | Flow>Qny,e | flow > Qngs | flow < Qngs
sub type
Apr — Oct 30 25 20 15
Lowland
meandering
Nov — Mar 35 30 25 20
) Apr — Oct 25 20 15 10
Middle
reaches
Nov — Mar 30 25 20 15
Apr — Oct 20 15 10 7.5
Headwaters
Nov — Mar 25 20 15 10
Salmonid
spawning Jun — Sep 25 20 15 10
& nursery
areas (not
Chalk ﬂOW > Q8O ﬂOW < ng
rivers) Oct—May 20 15 10 7.5




Developing look-up tables

« Simple hydrological indices
(e.g. 10% flow) easily
derived, little ecological
meaning

« Robust indices require the
analysis of many hydro-
ecological studies

 Development often by
expert panels — I.e.
synthesis of knowledge and
experience



2. Desk-top analysis

e Uses past at-site data

 Requires analysis of
flow regime

« Tailored for particular
rvers



Range of variability approach

Low flows, high flows, floods events are
Important

Recognises that magnitude, duration,
timing, frequency all important

Starts with natural regime

Permissible bands of alteration from
natural



Range of variations approach

discharge

time




Range of variations approach

Number of flood reduced

/Magnitude of floods reduced

|

/ Low flows reduced

Wl 17

discharge

time




Derwent at Eddy’s Bridge



3. Functional analysis

« Use multi-disciplinary
team

« EXxplicitly analyses
ecological function of
flow regime

« Tailored for particular
river ecosystem



Building Block Method

* Recognises elements of flow regime are
Important for different species

e Starts with zero base

 Introduces key flow regime elements
according to needs of the river ecosystem



Building Block Method

channel maintenance flood
habitat maintenance flood

e

maintenance flows for spawning and dispersal

freshet trigger flows for migratic

\

low flows for juveniles

discharge

time




Building Block Method

environmental flow

/ natural flow

discharge

time




Linking flow and salmon ecology

» August flow is critical for salmon
parr

 Late autumn/winter flow critical
for distribution of salmon

» Spring flow critical for incubation
(both indexed by January flow)

 Entry of fish greatly
reduced below Qg (6.97 m3s?1)

 Temperature important (correlated
with flow — difficult to dis-entangle)

Hants Avon — Solomon/Lightfoot



Flows and algae — River Kennett
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Flow-invertebrate relationships
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4. Habitat modelling

 Recognises that flow is
not direct controlling
variable

e Species respond to
depth, velocity,
substrate, DO ...

e Uses hydraulic models
e Habitat use data




Hydraulic geometry relations

Site 53
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Thresholds of change in wetted area
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Threshold at 2 m3s-1

wetted perimeter (m)
D

discharge (ms?)




Threshold at 1 mss-1
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ldentifying habitat



number of fish

Habitat use data




Physical habitat in rivers

 Flow and river
structure combine In
hydraulic model

* Predicts depth and
velocity at a range of
flows



Defining habitat flow relations

Simulated hydraulics
(depth, velocity ...)
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Chalk rivers
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Rapid habitat assessment

Full PHABSIM —
Quadratic EE—
Catchment variables —
Quick site visit

Full site visit

0.8 7 B

0.6 7 ~

Proportion of useable habitat
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Reversed flow percentile



Surface flow types

River Habitat Survey

* No perceptible

 Smooth

* Ripple

 Unbroken standing wave
e Upwelling




Channel restoration

River Piddle: Game & Wildlife Trust
River Avon: Southampton Univ

Cattle poaching creates wide,
shallow, silty rivers

Fencing the river leads to
vegetation re-growth, channel
narrowing, increased velocity



Expert opinion

« All methods use expert
skills

« Some methods, expert
Input Is explicit and very
structured e.g. Building
Block Method

« Some methods try to be
replicable and so do not
reply on expert skills



Holistic approaches

 Move from target species
to ecosystem, from reach

to catchment

 Many methods embrace
whole system e.qg.
hydrological methods

« Some methods called
“holistic” to emphasise
broad approach



Theory Into practice

Many abstractors need
guaranteed supply

Abstractor may not know the
flow

Changes may need a letter

Operationally difficult to alter
reservoir releases

Expensive to move abstraction
points

Special rules may be required
for droughts where public
health overrides.



Key messages

Environmental flows aim to set
abstractions and reservoir releases

Flow needs depend on objectives

Data on flow needs of species
Increasingly available ... but may vary
between e.g. genetic stocks

Flow not separate from temperature,
light, morphology ... etc

Natural rivers may allow generic flow
standards

Altered rivers may need specific studies

Recent research guestions the
upstream/downstream paradigm






