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Aims of Handbook

To promote consistent approach to EFlows
assessments in WBG-funded HPPs.

e guide the selection of appropriate level of effort/resolution
in the EFlows Assessment to do this (Decision Tree)

e guide standardisation of the quality, content and
effectiveness of EFlows Assessments

* indicate how to align the EFlows work with impact
assessment tools such as ESIAs, CIA, SEAs
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The Handbook does not provide instructions on how
to:

e carry out an EFlows assessment

* select stakeholders

e negotiate and make decisions on EFlows allocations
 implement EFlows
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What are EFlows?

Water quality Animals (fish) and plants

Water quantity Sediments Patterns of flows

N\

The quantity, timing and quality of the flow of water, sediment and biota
necessary to sustain freshwater and estuarine ecosystems, and the human

livelihoods and well-being that depend on these ecosystems

Amended from Brisbane Declaration (2007)

Sustainability Equity

Biodiversity Resilience

Reliable water supply Viable businesses Livelihoods

Protecting the systems that support us




EFlows and WBG safeguards

Policy
Safeguards

OP 3.0n
Environmental
Assessment

OP g.07
Water Resources
Management

OF 3.37
Dam Safety

OP g2
Inwoluntany
Resettlement

OP 3.03
Matural Habitats

OP 3.36
Forests

OP 310
Indigenous People

OPam
Physical Cultural
Resources

OP 3.36
Forests

OP 3.0
Environmental
Assessment

OF 3.08
Matural Habitats

OP 7.50

International Waterways

Environmental Consequences

Safequards for
ESS1/ Pt * aquatic ecosystems and ecosystem
Assessment and Services
Management of + flooding risk

Environmental and Social
Risks and Impacts

* competing downstream water uses
(e.g. irrigation)

ESS3/PS3 « water quality (pollutants; temperature
Resource Efficiency and change)
Pollution Prevention “ « sedimentation / nutrient loads

» carbon emission

E5S4/ PSg » river navigation [ transport

Community health, « water-borne dizease

Safety and Security “ » dam safety and flooding risk
= risks from releases

ESSs [ PSg « bank erosion / sedimentation
Land Acquisition £ = river structures
Involuntary Resattlement « crops and livelihoods (fishing)

ESS6 [ PS6 « biodiversity
Biodiversity Conservation = PCOSYSLEM Services
and Sustainable = river connectivity
Management of Living « nutrient recycling
Natural Resources

ESS7 » natural resources

Historically Underserved « livelihoods (e.qg. fishing, hunting)
Traditional Local ‘ « spiritual / cultural resources / practices
Communities / PSy

Indigenous Peoples

ESS8 [ PS8 « cultural heritage resources
Cultural Heritage = cultural practices and ceremonies

ESSg « compliance with ESS by Fls
Financial Intermediaries <

E5510 = river health [ biodiversity
Stakeholder Engagement « river-based livelihood dependencies
and Information * = operational scenarios

Disclosure

‘ = all of the abowve
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EFlows, rivers and people

Onset and duration of seasons:
e link with climatic factors

e cues fruiting and flowering
e cues migration/breeding

e support life-history patterns

€—> &> <€ > > Y—>
Floods:

Dry-wet transitions: SA% | ¢ dictate channel form
 distribute sediments and /| %|e flushand deposit sediment and debris

nutrients flushed from the 1 e promotes habitat diversity

watershed » support floodplains
e distribute seeds e distribute seeds
* support migration of ': facilitate connectivity

adults and larvae control terrestrial encroachment

Disch

Dry periods
e promote in-channel growth

e support larval stages
* maintain intra-annual variability

Intra- and inter-annual variability:
e promotes diversity .
* discourages invasions N

Months of a year
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Onset and duration of seasons

Discharge (m3/s)

Floods

Variability

2-L Dry periods

Wet

Dry-wet transitions

/Dry -
J

Minimum flow release
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EFlows and hydropower

Handbook recognises ‘EFlows’ impacts of HPPs as:

e Dewatering of a reach
e Changes in pattern of flows of water and sediment

e Diverted reach
e Downstream of powerhouse/tailrace

* Storage
e Power production

e L ost of connectivity (flow of biota):
e Longitudinal - barrier effect of the dam wall and the
reservoir

e Lateral — reduced flooding of floodplains



GROUP

~ Factors influencing potential impact

e Location

* Design

e Operation (water and sediments)
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‘Run-of-river’ hydropower

Used to describe a considerable range of designs:

e HPPs with no storage

HPPs with limited storage and no peaking-power releases

HPPs with moderate storage and peaking-power releases

HPPs that rely on large upstream storage facilities

HPPs where the flow of a river is diverted from the host river to another river

Of limited value from an EFlows perspective

Handbook refers to “true run-of-river” or “low impact and design” HPPs:

“Hydropower plants that release downstream into the same river,
with a short or no diversion,
have < 48-hour dry-season storage and
do not make peaking-power releases”
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EFlows and the mitigation hierarchy

“Projects should seek to minimise impacts while optimising energy generation”

+We

Biodiversity value

Ve

Met positive impact
on biodiversity

Mo net loss

Mo net lass

Offset: Management interventions

Residual

Offset: Protect equally important river in perpetuity

Minimized Restored

Minimized

Restore: reintroduce habitats, species and social dependencies

Awoided
Avoided

Minimise: EFlows release and fish passage

Avoid: location, design, operation
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Basin-level versus project-level
assessments

EFlows Assessment

. CIA : ESIA

Gain in sustainability

Basin/sub-basin:
N multiple projects (CIA)

Transboundary basin/
country: programs, policy
and strategic planning (SEA)

Possibilities for environmentally
and socially optimal solutions

------ ‘ Site: single project (ESIA)

>

Policies / plans Multiple projects single projects

There is no right or wrong time or scale to do an EFlows assessment
or to make provision for EFlows
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Basin-level (SEAs & ClAs)

e Long been an understanding in the WBG that basin planning
offers more options for sustainability:
* Less uncertainty.
* Meaningful biodiversity protection
e Less controversy
 More streamlined project-level review
e Less expenditure on assessing impacts
* Fewer operational constraints
e Economically favourable outcomes
e Positive public recognition

* EFlows assessments are required to guide detailed water-
resource planning, including location, design and operating
rules for dams at the basin level.



— ESIAs

In the absence of basin-wide studies, the EFlows

ENGINEERING
PHASE

Phase 1 —
Concept
HPP Site identification and
Technical concept

Phase 2 —
Pre-Feasibility Study:
Assessment of technical
options; cost /benefit
analysis

Phase 3 —
Feasibility Study:
Technical and financial
evaluation of preferred
option & initiation of
permitting process

Decision to
Proceed

Phase 4 -7
4. Contracting
5. Detailed Design
6. Construction

7. Performance Testing

ESIA PHASE

1. SCOPING

2. ESIA
(Baseline Studies;
Impact Assessment;

Include in RFPs.

S

<

Selection of method and
scope

EFlow assessment

Decision on EFlows <

= I « I

- 4. ESIA DISCLOSURE

Environmental
License

Implemenation of
ESMP

Implementation of ‘
ESFMP <:

assessment for a specific HPP should be done in
parallel with or under the umbrella of the ESIA.

Dec

Consultation on ESMP
and ESFMP

Social monitoring of
compliance
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Assessment methods

EFlows assessment methods have been Tﬁmam Method

uuuuuuuuuuuuuuuuu

Objective

developing for more than 30 years, and =NE
, . _ Hydrologlcal prescrlptlve
provide a wide array of options

Severe degradation

(a) (b) ‘
Bani~~n = ;
. \~ Hydraulic - prescriptive
Prescriptive — recommend a flow W 8
‘ . ‘ . Do el g‘/ﬂﬁiBreakpoints in slope
— no information on what will happen if you corresponding tobreak points D108
don’t meet EFlows requirements ‘ C“’*”NTEL“T:;?:SJLCTK:;”JESQ °°°°°°°°°
. L L . L
Interactive — provide implications of different flows J i .

— information of allow trade-offs

LOW_MEDIUM_HIGH |© o = E L\

“:Dj Hydrolog|cal or hollstlc — mteractlve

s
VeDoRy 5 -~
ot
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Low resolution

Usually desktop

Based on data extrapolated from areas where more detailed
studies have been undertaken

Hydrological or hydraulic indices used as EFlows
Typically prescriptive

No consideration of sediment flows

No detail on the responses of habitat or species

Useful parts of scoping exercises to encourage basin-wide
thinking and guide the selection of strategic priorities
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Medium and high resolution

Medium- and high-resolution methods are similar to one another:
e Collect and use data from the study river

e Focus on relationships between flows and river life

e Can address climate change impacts

They are distinguished from one another by:

e Spatial scope

e Number of components (water quality, plants, fish, birds, etc.)
e Level of effort in collecting and analysing local information

Usually incorporate:

e Survival of individual species

Migration and barriers

Impacts of sediment reduction

Effects of peaking-power releases

Other, such as management interventions



Method

Categorisation

Level of resolution

DUP

The Tennant Method Very low

New England Aquatic Base-Flow (ABF) Very low
Hydrological

IHA/RVA Low

The Desktop Model Low

Wetted perimeter method Hydraulic rating Low

Instream Flow Incremental Methodology (IFIM)

CASiMir

System for Environmental Flow Analysis (SEFA)

Habitat simulation

Medium or high

Medium or high

Medium or high

The Building Block Methodology

The Benchmarking Methodology

Eco Modeller

ELOHA

DRIFT

Murray-Darling Adjustment Ecological Elements

Holistic

Medium or high

Medium or high

Medium or high

Medium

Medium or high

Medium or high




Q&A Break
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What resolution?

As potential impacts increase in magnitude and complexity:
* Need greater understanding of implications and options
* Need for greater detail in assessments.

For instance, if potential impacts include:
* Changes to timing and duration of seasons
* Peaking flow releases
e Changes to frequency and duration of flooding of floodplains
e Changes to sediment supply and sediment transport capacity
* Barrier to upstream and downstream movement of biota

It does not make sense to set a minimum flow without proper investigation.

Other issues affecting resolution:

e Existing impacts as a result of other developments
e Position in a cascade/political boundaries

e Type of ecosystem affected

e Degree of social dependency



What resolution ?
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Selection criteria

Storage volume (ability to control flows)
Peaking vs baseload operation
Transboundary/basin diversion

Ecosystems other than rivers, e.g., estuary
Social dependence on fish/river passage/other
15t or most downstream in a cascade

High value Natural or Critical Habitat (IFC/WB
definitions)

Modified habitat



What resolution ?

Dotted line: If the design of either low-impact or other

— downstream of tailrace. hydropower projects includes a significant river diversion

Start e Te3CH between dam wall and then the dotted lines of the decision tree sﬁs.lq be followed

for the dewatered section in addition to the solid lines for

tailrace, if applicable. tzectlcw downstream of the tailrace.

Choose an appropriate starting point:

r

Low imapct design
and operation

v
Significant dewatered
reach between dam wall
and tailrace?

& &

R v »
Low Resolution

including:
» Connectivity Assessment
= Sediment Aessessment

Significant social dependenci
- onthe river ecosystem?

First or most downstream

. Critical Habitat? ..o L YES . i

= Modified Habitat?

}

Other design

|dentification of the HPP in terms of

.ancoTratICll" its Storage CapaC|ty, and Whether or
gy < not the design includes a significant

Include as

Drtr‘ecoFm'rs:k o r|Ver dlve rSIOﬂ
/,7 impact of peakin

Potential significant ,J".:_,

Potential sgnfcant Peaking versus baseload generation:
? Peaking power generation requires
Trans- bd @ EFlows methods with analysis of

\ hourly flows.
Ecosystemso her .

~® than river affected
ag, wetlancs estuary?

Transboundary issues: If the dam
affects a downstream country/ies
then all affected countries should
receive sufficient detail of likely
impacts for negotiations and decision.

v

?

in a cascade?

'::f Trans-basin diversion: Are two rivers
v 5 affected?

Other affected ecosystems: Are there

v significant downstream lakes,
Medium Resolution High Resolution .
including: including: Wet|aﬂd5, SwampS or eStuarIeS that
= Connectivity Assessment » Connectivity Assessment
« Sediment Aessessment = Sediment Aassessment WOou | d b e affe cte d ?

= Restoration or offsets
study for net gain



What resolution ?

Dotted line: If the design of either low-impact or other
— downstream of tailrace. hydropower projects includes a significant river diversion

SEArt |..... reach between camwallang | St e cve e miebions Socjgl dependence: Are there river

tailrace, if applicable. the section downstream of the tailrace.
| users dependent on ecosystem

cowimapetdesig otnergesin services provided by the river?
and operation
R p £ " Location in cascade: Is the proposed
ignificant dewatered eaking? —<2 .
reach bai'fjﬂ;;ﬁl:adcggnwall Include assessmen dam the fII’St or mOSt downstream
P of the downstrea
P —— impact of peakin ; ?
@ ¢. Potential significant VES onein @ Cascade .
:ransbcﬁur‘daw issuas? g

Critical habitat or similar terms
formally defined in WBG policy —
raises risk profile of a project.

¢

Trans-basin division?

¢

Ecosystems other
s than river affected
e g, wetlands, estuary?

Modified habitat formally defined in
WBG policy — reduces risk profile.

¥
Significant social dependence - :
- ontheriver ecosystem? g il

?

TnoS First or most downstream

in a cascade? ’ "
i

Leeevveeee e Critical Habitat? o

i

= Modified Habitat?

Sediment assessment: Sediments
trapped by a hydropower dam can
significantly alter downstream
channel morphology and habitats
and increase bank erosion.

| Connectivity assessment: The
movement of biota and other

v v D"l v
Low Reseolution Medium Resolution High Resolution . | | h . h
including: including: including: materla d Ong t e river and ow
» Connectivity Assessment = Connectivity Assessment » Connectivity Assessment .
= Sediment Aessessment = Sediment Aessessment = Sediment Aessessment
eamenciessesmens this would be affected by the dam.

study for net gain



In general, the decision tree will recommend:

Low-resolution methods for HPPs that will not affect natural and critical
habitats; for true run-of-river projects; or for baseload plants that have no
substantial influence on the flow regime.

Medium-resolution methods for HPPs that that will not affect critical
habitats; have low social dependence; or are near other existing HPPs
(e.g., cascade of dams) as long as they are not the first or most
downstream one.

High-resolution holistic methods for HPPs that will affect critical habitats;
OR ecosystems other than rivers;
OR high social dependence;
OR transboundary
OR has a trans-basin diversion.



Examples
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Gulpur HPP — retrospective

— downstream of tailrace.

Start | ... reach between dam wall and
tailrace, if applicable.

Low imapct design |
and operation 1

v
Significant dewatered
reach between dam wall
and tailrace?

®

ry »

Low Resolution
including: including:
= Connectivity Assessment
= Sediment Aessessment

Potential significant ff,;‘?
transboundary lssues?
—
|
| 1
N -
Trans-basin division? LYESS
—r—
( i
| 1
~
ECSsVetemE oiher N
o thanriver affected T TREE

e.g. wetlands e_s&uar\,'? ;

e

Significant social dependence ——— e ————

on the river ecoﬂstem?
- -

.
@ First or most downstream
: in a cascade?
——

-
coveeeeee CrITICAL

: -
&

Maodified Habitat?

o’ .
Habitat? - g

Medium Resolution

» Connectivity Assessment
« Sediment Agssessment

Dotted line: If the design of either low-impact or other
hydropower projects includes a significant river diversion
then the dotted lines of the decision tree should be followed
for the dewatered section in addition to the solid lines for
the section downstream of the tailrace.

, pp—
Other design 1
and operation 1

m&_;__r___z

-y

r
Peaking? I—{;"—_::F ——

N == == o =fclude assessment |
| ofthe downstream |

impact of peaking ]
K [- LR 8 B N _§ N 4

-

1 —-——

High Resolution

including:

+ Connectivity Assessment

« Sediment Aessessment

» Restoration or offsets
study for net gain

O ——— —

e s e

’————'Hh——-\

N o o
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Poonch: Scope and costs (2014/15)

e Four sites, one upstream, one between the dam wall and the tailrace
and two in the river downstream of the tailrace and Mangla Dam.

e The EFlows scenarios incorporated considerations of:

changes to pattern and volume of downstream flows

the downstream effects of sediment trapping and/or flushing
changes in connectivity assessment for key migratory fish
options for turbine selection

options for management protection (i.e., offsets).

e The team =4 international consultants and a team of local specialists.

Cost: + USS 350 000.00

The EFlows assessment influenced the planned turbine design, weir location and operational
regime of the HPP. Management measures to enhance the protection status of the park and
its fish to achieve a biodiversity net gain outcome were developed with conservation

management stakeholders and communities.
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Dotted line: If the design of either low-impact or other
hydropower projects includes a significant river diversion
then the dotted lines of the decision tree should be followed
for the dewatered section in addition to the solid lines for
the section downstream of the tailrace.

and operation

reach

17*

including:

Batoka HPP — retrospective

— downstream of tailrace.
Start |- reach between dam wall and
tailrace, if applicable.
r

Low imapct design

v
Significant dewatered

@ ¢

Low Resolution

» Connectivity Assessment
= Sediment Aessessment

P —

| Other design 1
| and operation |
v

B Jp S Ee———

between dam wall
and tailrace?

- -

—-—— iy

( 1
Peaking? I—ﬂ.“;m_ ——

T =fclude assessment |

of the downstream |

.—‘—I impact of peaking I
LR R B B B N N 3

A

Potential significant
transboundw Issues?
e’ iy

ol

AYESd

Trans-basin division?
——

( i

| |

o
Ecosystems other

b than river affected
e.g. wetl Izﬂdéhe_s‘tuary?
i |
| ; |
e
Significant social dependence
on the river eco&rslern?
— -

L
First or most downstream
in a cascade?

&
| i

Al L
weeenenenen o CMILICA] Habitat?

&3

’_.

1 | Medium Resolution

| including:

I | - Connectivity Assessment |
I | -Sediment Aessessment ||
1 1
\ /

L T g

T

High Resolution

including:

» Connectivity Assessment

= Sediment Aessessment

= Restoration or offsets
study for net gain
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Batoka: Scope and costs
(2014)

e Two sites downstream of the tailrace to Kariba Dam.

e The EFlows scenarios incorporated considerations of:
e changes to pattern and volume of downstream flows
* the downstream effects of sediment trapping and/or flushing
e changes in connectivity assessment for key migratory fish (Victoria Falls)

e The team = 6 consultants:
e EF specialist
e Hydraulics
e Geomorphology
* Vegetation
* |nverts
e Fish

e Cost: + USS 110 000.00 inclusive of disbursements.
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“The use of the holistic environmental flow modelling was instrumental in
proving our ability to achieve net gain to the lenders as well as local
authorities, and in making the project an example of creating a win-win
situation for the economic development and environment.

The financial costs of the study and subsequent negotiations were
negligible relative to other development costs; the costs of the protection
measures were incorporated into the power purchase agreements, and; the
redesign of the diversion tunnel resulted in a considerable reduction in
construction costs.”

CEO Mira Power — Gulpur HPP
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Other features of the Handbook

» Data requirements for EFlows Assessments of each level for hydropower projects, on
issues such as socio-economics, hydrology, hydraulics, water quality, fish and more ...

* The relative costs of each level of EFlows Assessment, in terms of the number of
specialists, work trips, people days, and more ...

* Generic Terms of Reference for project and basin Low-, Medium- and High-resolution
EFlows Assessments, in terms of:

* Engagement of stakeholders

* Selection of scenarios

e Preparation of hydrological data

e Screening for offsets

e Collection of field data

e Preparation of the Environmental Management Plan
e And more ...

* Annotated Table of Contents for an EFlows Management Plan
* Logframe for integration of EFlows into hydropower projects and planning

» A basic 10-point checklist for reviewing an EFlows Assessment
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Recommended approach

Understand the context of river functioning and the provision of ecosystem values
and services into which EFlows will be introduced

Understand the potential downstream impacts associated with hydropower
development and how these can be mitigated

Understand the kinds of information provided by EFlows Assessments

Apply a context-appropriate EFlows Assessment Method

Conduct a comprehensive and appropriate stakeholder engagement program
leading to a decision on EFlows and other mitigation measures based on the
outcome of the assessment

& WO = @

=
E\ﬁ Compile an EFlows Management Plan
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