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USING DECISION TREE



Proposed design for 
Bute Inlet array (individual)
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Batoka Gorge HPP
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• Two sites downstream of the tailrace to Kariba Dam.

• 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 (Victoria Falls)

• The team = 6 international consultants with EFlows experience

• Duration = 2 months

• Cost to client: ± US$ 110 000.00 inclusive of disbursements.

BATOKA EFlows assessment: 
Scope and costs (2014)



Golden Mahaseer

Poonch River Mahaseer National Park

Kashmir Catfish

http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://1079775236.test.prositehosting.co.uk/photography-galleries/wildlife/attachment/golden-mahseer-tor-putitora-portrait-2/&ei=aYfTVJ6ADoXn7gaVmIHICg&bvm=bv.85142067,d.ZGU&psig=AFQjCNFU3ZX-kNbDkM4RtjfGdU1uvRHECQ&ust=1423235270601786
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POONCH RIVER (NEELUM-JHELUM)



• Fishing:

– Selective

– Non-selective

• Sediment mining:

– Cobbles and sand

• Harvesting of woody 
plants

• Sewage disposal



Issues covered in EFlows assessment

e.g., Mahaseer

Change in connectivity

Change in flow and 
sediment  supply

Site 1

Site 2

Responses
to sediment and flow change

Flow

Changes to fish 

Change as a result of 
management: 
• Reduced fishing pressure
• Organised sand mining
• Controlled harvesting of wood
• Improved WQ



• Detailed EFlows assessment
• DRIFT Method
• Zoneing of river - Four sites, one upstream, one between the dam 

wall and the tailrace and two in the river downstream of the tailrace 
and Mangla Dam.

• 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).

• The team = 4 international consultants with EFlows experience, who 
guided a team of Pakistan specialists through the assessment. 

• Duration = 1 year
• Cost to client: ± US$ 300 000.00 inclusive of disbursements (2014)

Gulpur HPP: Poonch River



Gulpur HPP: Poonch River

• The results of the EFlows Assessment underpinned the following 
decisions:
– Design:

• reduce the dewatered section from 6 km to 1 km;
• select different turbines that would allow greater operating flexibility under 

low-flow conditions

– Operation
• release an EFlows of 4 m3 s-1 for the dewatered section;
• forgo peaking power generation
• Changes to PPA to accommodate offset costs

– Offset
• implement a management and finance structure for protection in the Poonch

River National Park;
• establish a Mahaseer fish hatchery;
• relocate and regulate sediment mining 



GANGA RIVER



Ganges River



BBM EFlows assessment

• River revered by millions of Indians - Social, cultural and emotional values 
needed to be accounted for in the EFlows assessment

• Detailed assessment

• Building Block Methodology:
– Multidisciplinary Team

• Hydrologist

• Hydraulician 

• Geomorphologist

• Vegetation specialist

• Invertebrate specialist

• Fish

• Livelihoods specialist

• Spiritual/cultural specialist

• Ganga from Gangotri to Kanpur (Test section)

• Large capacity building component (3 year project)



Step 1: Zone the river

• four homogenous zones – similar physical river features 
(such as geology, slope, climate, shape and size of 
channel, landuse)



Step 2: Decide on desired future state

• Livelihood group: depth, width and other requirements (such as 
physical appearance of water) to maintain activities such as 
ferrying or rafting. 

• Spiritual/cultural group: river depth and water quality for 
religious and cultural activities such as ritual bathing. 

• Biodiversity group: habitat characteristics (depth, velocity, 
width and substrate) for important flow-dependent species 
such as the river dolphin, fish, macro-invertebrates and 
floodplain vegetation.

• Fluvial geomorphology group: river velocities and depths to 
move, sort and deposit different sizes of sediment, to maintain 
required habitat complexity and restore channel shape, e.g., 
multiple channels and bars.



Steps 3/4: Derive and finalise EFlows

• Individual groups define flows to meet desired future state in 
driest month and wettest month

• Hydraulician translated depth, width, velocity requirements into 
discharge

• Individual groups motivate for flows

• “EFlows setting workshop” to discuss and agree on the critical 
flows for maintenance (normal) and drought conditions that 
would satisfy the requirements of all groups



Environmental Flows in Ganga

ZONE 1 ZONE 3



LOWER MEKONG RIVER



MRC Council Study

Integrated Multi-sector Cumulative Impact Assessment

Synthesis

Main benefits
Key negative impacts
Distribution
Knowledge gaps

Impacts on 
composite indicators

Sustainability
Cross-sectoral
Transboundary

Discipline and Thematic Impact Assessments

Thematic impact assessments

Discipline impact assessments

Hydrology
Hydraulics
Sediments
Nutrients
Bio-resources (BioRA)
Social
Economics

Thematic Areas

Climate change
Agricultural landuse
Domestic and Industrial  Water Use
Flood protection Infrastructure
Hydropower
Irrigation
Navigation

Stakeholder Inputs

Main development 
scenarios

2007
2020
2040
2040 with CC

Thematic sub-
scenarios

2040 with variations 
in:
Climate change
Agricultural landuse
Flood protection
Irrigation
Hydropower



EFlows assessment

Modelling Team, 
using MRC DSF:
• SWAT
• ISIS
• IQQM
• WUP-FIN
• Source

OUTPUTS
Daily time-series:
• Hydrology
• Hydraulics
• Sediments
• Nutrients

BioRA Team using 
DRIFT DSS

Social and Economic Teams 
using bespoke spreadsheets

OUTPUTS
Seasonal time-series:
• Geomorphology
• Vegetation
• Macroinvertebrates
• Fish
• Herpetofauna
• Birds
• Mammals

OUTPUTS
Annual estimates:
• Social impacts (e.g., 

livelihoods, nutrition)
• Economic costs and 

benefits
• Distributional 

analysis 
• Trade-offs





BioRA EFlows DSS

• Erosion

• Habitat availability

• Wetland and riparian vegetation

• Insects, snails, mussels, prawns, crabs

• Fish

• Frogs, snakes and turtles

• Birds

• Aquatic and semi-aquatic mammals



BioRA (DRIFT) DSS

Mean Annual Runoff

Dry onset

Dry duration

Min. 5-day dry discharge

Wet onset

Wet duration

Min. 5-day wet discharge

Wet total volume

Dry daily average volume

Wet daily average volume

Within day range in discharge

BARRIERS

Phosphorous

Nitrogen

Salinity

Otter

Ungulates

Dolphin

Hydrologic

Hydraulic

Water quality

Sediments

Geomorphology

Vegetation

Macroinvertebrates

Fish

Herpetofauna

Birds

Mammals
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Average velocity

Maximum velocity

Wetted permimeter

Shear stress

Maximum depth

Minimum depth

Inundated area

Vegetation depth classes

Ground-nesting channel species

Graminoid-bed species

Rocky-crevice nesters

Wood/water interface species

Bank-side forest species

Ground-nesting FP species

Bank/hole-nesting species

Tree-nesting waterbirds

Non-flocking landbird

Sediment pulse duration

Total silt/clay

Sediment concentration/load

Sediment pulse onset

FP sedimentation

Anadromous

Catadromous

Marine visitor

Non-native

Floodplain spawner

Eurytopic/generalist

Estuarine resident

Rhithron resident

Main channel resident 

Main channel spawner

Floodplain resident

Fish biomass

Ranids

Aquatic serpents

Aquatic turtles

Semi-aquatic turtles

Species richness - amphibians

Species richness - reptilesSnail abundance

Snail diversity

Littorall invertebrate diversity

Insects on stones

Insects on sand

Burrowing mayflies

Macrobrachium prawns

Zooplankton

Benthic invertebrate diversity

Polychaete worms

N. aperta

Bivalves

Shrimps and crabs

Dry season emergence

C_Lower bank vegetation

C_Riparian trees

C_Upper bank vegetation

C_Herbaceous marsh

C_Weeds and grasses

C_Biomass FW algae

Biomass marine algae

Extent floating and submerged

Extent invasive riparian 

FP_Flooded forest

FP_Herbaceous marsh

FP_Biomass FW algae

FP_Grassland

Depth of bedrock pools

Water clarity

Erosion

Bed grain size

Sandy habitat

Rocky habitat



Response curves





Dachaoshan

2007 2020 2040

Xayaburi Xayaburi

Don Sahong Don Sahong

Pak Beng

Sambor

Luang Prabang

Pak Lay

Sanakharm

Pak Chom

Phon Ngoy-Latsua

Ban Kum

Stung Treng

Manwan
Dachaoshan
Manwan

Dachaoshan
Manwan

Nuozhadu
Jinghong

Ganlanba

Nuozhadu
Jinghong

Ganlanba

Gongguogiao
Xiaowan

Gongguogiao
Xiaowan

Zone 1 Zone 1 Zone 1

Zone 2 Zone 2 Zone 2

Zone 3Zone 3Zone 3

Zone 4Zone 4Zone 4

Zone 5Zone 5Zone 5Zone 7 Zone 7 Zone 7

Zone 6Zone 6 Zone 6

Zone 8 Zone 8 Zone 8

Scenario Dams in tributaries

2007, 2020 and 2040 14

2020 and 2040 49

2040 57

Scenarios

• Climate change

• Landuse

• Navigation

• River works

• Hydropower
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Indicators 
Zone 

1 2 3 4 5 6 7 8a 8b 8c 
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D: Average sediment load -99 -45 25 -83 -79 -58     

T1: Average sediment load -100 -65 -41 -75 -45 -60     

W: Average sediment load -91 -73 -47 -60 -66 -58     

T2: Average sediment load -98 -73 -23 -68 -92 -71     

W: Average sediment onset 7 -2 0 3 -5 11     

W: Average sediment duration -41 5 9 -11 -7 -4  
   

D: Average Total Phosphorous -51 -42 -28 -9 -18 -7  -33 -29 -26 

W: Average Total Phosphorous -19 -20 -14 -11 -28 -35  -29 -32 -15 

D: Average Total Nitrogen -23 -29 -21 -17 -17 -6  -15 -29 -30 

W: Average Total Nitrogen -17 -19 -19 -22 -53 -35  -32 -35 -18 

W: FP TOT SiltClay   -9  -66 -63 
 

-68 -65 -74 

FP Sedimentation      -65 -24 -68 -65 -73 

Average salinity        28 

 

Sc
en

ar
io

 2
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4
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D: Average sediment load -99 -77 23 -85 -93 -91     

T1: Average sediment load -100 -82 -41 -79 -98 -98     

W: Average sediment load -91 -87 -56 -60 -97 -95     

T2: Average sediment load -98 -88 -31 -69 -97 -94     

W: Average sediment onset 7 0 0 3 -3 -18     

W: Average sediment duration -41 -3 12 -13 8 13     

D: Average Total Phosphorous -51 -67 -42 -9 -60 -58  -69 -68 -70 

W: Average Total Phosphorous -19 -9 -11 -11 -66 -69  -66 -68 -53 

D: Average Total Nitrogen -23 -44 -27 -17 -20 -17  -39 -42 -52 

W: Average Total Nitrogen -17 14 10 -22 -52 -61  -59 -58 -25 

W: FP TOT SiltClay   -9  -97 -97  -97 -97 -94 

FP Sedimentation      -97 -56 -97 -97 -94 

Average salinity        20 
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C
C

 

D: Average sediment load -99 -54 9 -85 -96 -93     

T1: Average sediment load -100 -61 -38 -73 -98 -98     

W: Average sediment load -93 -75 -48 -59 -96 -95     

T2: Average sediment load -98 -71 -20 -70 -92 -97     

W: Average sediment onset 10 2 3 7 3 2     

W: Average sediment duration -40 11 18 -11 1 37     

D: Average Total Phosphorous -51 -70 -46 -10 -61 -40  -15 27 -61 

W: Average Total Phosphorous -19 -16 -14 -11 -67 -65  -57 -48 -3 

D: Average Total Nitrogen -23 -55 -40 -17 -20 8  73 136 -31 

W: Average Total Nitrogen -17 -21 -25 -20 -62 -49  -43 -28 42 

W: FP TOT SiltClay   -13  -97 -96  -96 -96 -91 

FP Sedimentation      -96 -54 -96 -96 -91 

 Average salinity        36 

 



Time-series (Erosion: Zone 1)



Time-series 
(Fish biomass: Zone 2)
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Base2007 2020 2040 2040CC

Base2007 2020 2040 2040CC

Base2007 2020 2040 2040CC

Base2007 2020 2040 2040CC

Base2007 2020 2040 2040CC

Base2007 2020 2040 2040CC

Base2007 2020 2040 2040CC

Base2007 2020 2040 2040CC



Fish biomass – whole LMB



A Natural

Moderately 
modified

Completely 
modified

A/B

B

B/C

C

C/D

D

D/E

E

Reservoir

2007 2020 2040 2040CC

Zone 1

Zone 8

Zone 6

Zone 7

Zone 5

Zone 4

Zone 3

Zone 2

Zone 1

Zone 8

Zone 6

Zone 7

Zone 5

Zone 4

Zone 3

Zone 2

Zone 1

Zone 8

Zone 6

Zone 7

Zone 5

Zone 4

Zone 3

Zone 2

Zone 1

Zone 8

Zone 6

Zone 7

Zone 5

Zone 4

Zone 3

Zone 2

Example of outputs



In-depth analysis of options





REVIEW



# Criteria Y N

1 Were Stakeholders adequately engaged at all points in the process?

2

Is there a review of existing knowledge about the host river system?

- hydrological characteristics

- ecological attributes and key features of sensitivity

- ecological condition

- social uses and level of dependence on aquatic ecosystem services.

3

Is there a desktop delineation of the basin/sub-basin affected by the HPP?

- Are there any floodplains likely to be affected?

- Are there any ecosystems other than rivers likely to be affected by the HPP?

4

Does the level of assessment undertaken correspond with that recommended through using the 

Decision Tree?

- If not, are compelling reasons provided for not implementing the recommended level of 

assessment?

5 Is the level of resolution of the EFlows Assessment justified?

6

Is the EFlows Assessment method correctly applied and referenced?

- Are the dewatered section and the river downstream of the tailrace assessed separately?

- Are the calculations shown?

- Are the calculations done correctly?

- Are the EFlows contextualised within the hydrological regime of the river?

- Are the limitations of the EFlows assessment made clear?

7
Are the potential effects of changes in the longitudinal movement of sediments, fish and other 

organic and inorganic materials adequately described and addressed?

8

Does the EFlows Assessment consider:
1. a site upstream of the HPP reservoir;
2. a site between the HPP weir and the tailrace outlet (if relevant);
3. at least one site (and preferably more) downstream of the tailrace outlet?

9
Is peaking-power generation planned? 

If so, were the potential impacts of peaking-power releases assessed at an appropriate time-step?

10 Is an EFMP in place for the construction and operation phases?



Thank you


