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A INTRODUCTION 

1. This Appendix sets out the assessment and determination of the flows (‘EFlows’) to be 
maintained by the Rabat, Chappasuy and Tamshush Hydro Power Plants on the Aksu River 
(hereafter ‘the Project’) that are necessary to avoid and minimize significant social and 
environmental impacts. It presents the approach to the assessment, and an EFlows Management 
Plan that encompasses the proposed minimum flow regime, further surveys and analysis that are 
necessary, and additional mitigation measures. 
 
2. The approach is based on a recent World Bank Good Practice Handbook, published in 
2018, Environmental Flows for Hydropower Projects: Guidance for the Private Sector in Emerging 
Markets, and other international guidelines. It is consistent with the requirements of the 
Hydropower Sustainability Assessment Protocol. 
 
3.  ‘EFlows’ refers to the quantity, frequency, timing, and quality of water and sediment flows 
necessary to sustain freshwater and estuarine ecosystems and the human livelihoods and well-
being that depend on these ecosystems. In contrast, ‘minimum flow’ refers to a flow that must be 
maintained over a specified period. A constant minimum flow is unlikely to maintain ecosystem 
functioning, and evidence shows that within- and between-year flow variability is essential to 
maintain healthy rivers. 
 
B APPROACH 

4. The project will divert flows from the Aksu River in two sections of the river: 
 

 Between the Rabat intake and Rabat powerhouse, a section of 3.6 km km in length; 

 Between the Chappasuy intake and Tamshush powerhouse, a section of 
approximately 8 km in length. 

 
5. Tailrace flows from the Chappasuy powerhouse will directly enter a 200 m long ‘free flow 
conduit’ to be diverted into the Tamshush pressurized steel pipe, and will not re-enter the river 
until passing through the Tamshush powerhouse. 
 
6. The assessment and determination of EFlows was conducted in the four stages and the 
twelve steps set out in Box B-1: 

 Stage 1: Characterizing Flows and Associated Values; 

 Stage 2: Defining Project Impacts; 

 Stage 3: Analysis of EFlow and Mitigation Options; and 

 Stage 4: Commitment to an EFlows Management Plan. 
 
7. Under Stage 3, the guidance in the World Bank Good Practice Handbook (Figure A: 
Decision Tree for Determining Resolution for EFlows Assessment) was used to select a 
methodology to compare EFlow options. The application of this decision tree, reproduced in 
Figure B-1 below, resulted in a decision to use a medium resolution method for the dewatered 
reaches, because: 

(i) there are significant dewatered reaches between the Rabat intake and tailrace, and 
between the Chappasuy intake and Tamshush tailrace; 

(ii) social dependence on the river ecosystem in these reaches is not significant; 
(iii) the affected reaches are not Critical Habitat; and 
(iv) the affected reach are not Modified Habitat, and are considered Natural Habitat. 
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Box B1. Approach to EFlows Assessment: 4 Stages and 12 Steps 

 
Stage 1: Characterizing Flows and Associated Values. This stage corresponds to the World Bank 
Good Practice Handbook’s guidance to ‘Understand the context of river functioning and the provision of 
ecosystem values and services into which EFlows will be introduced’. 
 
1. Review of available maps, aerial photos and satellite images of the river system, catchment areas, 

major tributaries, and confluences downstream of the project to characterize the flow network and 
significant features (other projects, land-uses, settlements, protected areas) 

2. Review of climate, meteorological data and hydrological data to form a view on the major pre- project 
flow characteristics in the catchment and downstream river 

3. Review of the storage and operational characteristics of the project to identify the implications for 
downstream flows 

4. Definition of significant reaches downstream from a hydrological perspective 
5. Identification of important river uses, values and services (ecological and social values) in each of the 

downstream river reaches based on analysis of existing data plus consultations 
 
Stage 2: Defining Project Impacts. This stage corresponds to the World Bank Good Practice 
Handbook’s guidance to ‘Understand the potential downstream impacts associated with hydropower 
development and how these can be mitigated’. 
 
6. Design and implementation of more focused data collection on the reaches with the project-induced 

flow changes to evaluate the sensitivity of existing uses, values and services to flow-changes 
expected by the project 

7. Development of pre-project and post-project flow relationship analyses for important river uses, 
values and services on a reach-by-reach basis, identifying the characteristics of the flow regimes that 
are most significant to maintenance of negatively affected aspects 

 
Stage 3: Analysis of Options to Avoid, Minimize and Mitigate Impacts. This stage may require the 
application of one of a range of formal methodologies for EFlows assessment, as set out in the World 
Bank Good Practice Handbook (table 3, page 50). 
 
8. Identification of options that could avoid, minimize and mitigate impacts, either through EFlows or 

other mitigation options (including water management, infrastructure, or other management actions), 
based on data analysis, research and consultations 

9. Cost-benefit analyses of EFlow and mitigation options, in relation to generation revenues 
10. Stakeholder discussions to prioritize options 
 
Stage 4: Commitment to an EFlows Management Plan 
 
11. Environmental-flow commitments are designed on a reach-impact basis 
12. Supplementary commitments are defined to further address downstream impacts. 
 
Comprehensive and appropriate stakeholder engagement is necessary within each stage to understand 
river values and services, impacts, and management options.  
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Figure B-1. E-Flows Decision Tree 
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8. Medium-resolution methodologies are suitable for hydropower projects that will not affect 
critical habitat, or rare, endangered, or threatened species or species assemblages, are located 
where there is no significant social reliance on the riverine ecosystem; or are located upstream 
of an existing dam or cascade of dams. 
 
9. The medium-resolution methodology selected was Instream Flow Incremental 
Methodology (IFIM). IFIM is a habitat simulation methodology meaning that it relates river flows 
and hydraulic characteristics to the availability of suitable habitat for target species. IFIM was 
developed by the U.S. Fish and Wildlife Service to evaluate the effects of incremental changes in 
discharge on channel structure, water quality, temperature, and availability of suitable 
microhabitat for selected target aquatic species. The target species are chosen either because 
they are the major species of concern, or because they are deemed to represent the species and 
the general river condition desired. PHABSIM II (Physical Habitat Simulation Model) which 
predicts how the water depth, water velocity, and riverbed features change with changing flow, is 
another example of a habitat simulation methodology. 
 
C SURVEYS CONDUCTED 

10. This EFlows assessment is based on the following surveys: 
 

 Hydrological (flow) and sediment measures, on a weekly basis, from July to October 
2018. These were used as part of the hydrological analysis (see below); 

 A field survey of water users and locations of intakes, conducted in August and 
September 2018; 

 A survey of the use of natural springs and water extraction conducted in September 
2018; 

 An additional irrigation survey of a sample of farmers conducted in June 2019; 

 Fish catch surveys conducted from 19 September to 5 October 2018 (at 11 points), 
and on 4 June 2019 (2 locations), using brail fishing net, large scrape net, cast net, 
fixed net, gill net, and box traps; 

 Terrestrial biodiversity surveys conducted for the EIA study, including additional 
surveys of birds in June 2019; and 

 Public consultation, Focus Group Discussions (FGDs), and in-depth interviews 
conducted for the EIA in August 2018, and a public consultation meeting in Hisorak in 
December 2018. 

 
D CHARACTERIZING FLOWS AND ASSOCIATED VALUES 

D.1 River System and Significant Features 

11. This EIA provides a basic description of the river system (main EIA, Section F.1.3 
Hydrology) and the detailed hydrology report prepared for the Project presents a description of 
the catchment. 
 
12. The Aksu River flows in a roughly south-west direction, and has a catchment that is over 
750 km2 in area and reaches altitudes of 3,500 to 4,000 m in its southern portion. The river is fed 
by snow and glaciers melting at high altitude, and so the highest river flows are from May to July 
although the highest precipitation is from November to May. 
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13. Slightly upstream of the Aksu’s confluence with the Karasu River, there is an existing 
hydropower plant, the Hisorak Plant. This has a reservoir with an area of 398 ha, and a volume 
of 170 million mm3, with the reservoir tail reaching almost as far upstream as the Sutushar River. 
The Sutushar, Tamshush, Chappasuy, Rabat, and Gillan darya Rivers are the most significant 
tribuataries moving upstream from the reservoir. 
 
14. After their confluence, the Aksu and Karasu Rivers become the Akdaraya River which 
feeds the Kashkadarya River at Shakhrisabz. Kashkadarya river joins the Amudarya river which 
feeds extensive irrigation in the region. 
 
15. The catchment is arid with little vegetation cover. It has high specific sediment yield of 136 
tonnes per km2 per year. Satellite images clearly show numerous and extensive landsides, and a 
braided pattern of sediment deposition and erosion along the river channel. Annual mean 
suspended load at Gissarak Hydro Post is 85,316 tonnes per year.  
 
16. The main settlements in the area are Hisorak (close to the Tamshush confluence), and 
Yakkakhana (close to the Rabat tributary). There is limited cropping or agriculture along the river 
valley away from these settlements, but there is some plantation forestry in places. 
 
17. Figure D-1 shows a Google earth image of the lower part of the project area, as an 
indication of the terrain. This part of the river will be dewatered by the Chappasuy intake further 
upstream. 
 

 
Figure D.1 Google Earth image showing Hisorak Village, the tamshush powerhouse, and the Aksu 
and Tamshush Rivers.  

Hisorak 

Tamshush Powerhouse 

• 



 D-6

D.2 Pre-project Flow Characteristics 

18. Feasibility consultants have prepared hydrological analysis of the Aksu river using long-
term hydrological flow data from Uzhydromet stations at Gissarak and Khazarnova, measurement 
of flow and sediment load over the months of July to October 2018, and a precipitation-runoff 
model: 

 Daily hydrological data from the Khazarnova station from 1936 to 1983, and from the 
Gissarak station from 1984 to 2015. Gissarak is located slightly upstream of the 
reservoir tail. Khazarnova is downstream of the dam, which was impounded in 1988. 
The flow duration curves of Khazarnova 1936-1983 and Gissarak 1984-2015 are very 
similar, and it can be safely assumed that there is no inflow from tributaries, reflecting 
the aridity of the catchment between Gissarak and Khazarnova; 

 Discharge and suspended sediment load, sampled one per week through July to 
October 2018, at four locations, i.e. 2km upstream of the confluence with Gilandarya 
creek, 2 km upstream of Yakkakhana village, 2 km upstream of Gissarak station 
(upstream of the Tamshush confluence), and on the Tamshush River immediately 
before its confluence with the Aksu River. The purpose of this was to estimate the 
proportion of discharge from the Tamshush tributary, and compare discharge near the 
Rabat station to historical discharge data; 

 A ‘tank model’ based on data on monthly mean, maximum, and minimum temperatures 
and precipitation at Kul meteorological station from 1995 to 2017, calibrated with 
observed data, to produce a flow series for 1995 to 2017. 

 
19. Hydrological data series and flow duration curves were developed using the above data 
for the Rabat and Chappasuy intakes. Two alternative flow series were generated: 

 A flow series based on the 1936-2015 Khazarnova/Gissarak series, multiplied by a 
discharge ratio. The discharge ratio is the ratio of flows observed at points nearest to 
the intakes in July-October 2018, adjusted for the possibility that tributary inflows in 
this period are higher than at other times of the year (using the tank model results), 
and adjusted for catchment size, as set out in Table D-1 Discharge Ratios, below. 

 A flow series based on the tank model. 
 

Table D-1 Estimation of Discharge Ratios and Annual Average Flows using 1936–2015 
Khazarnova/Gissarak data 

Location Observed 
Jul-Oct 
2018: % of 
average 
Gissarak 
flows 

Modelled 
1995-2017, 
% of annual 
average 
flow at 
Gissarak 

Modelled 
1995-2017, 
% of 
average 
July-
October 
flow at 
Gissarak 

Catchment 
area (km2) 

Discharge 
Ratio (%) 

Estimated 
annual 
average 
flow (m3/s) 

Gissarak hydro 
post 

100% 100% 100% 755 - 11.84 (y) 

2km upstream 
from Gissarak 
hydro post 

93.8% (a) 74.3% (b) 79.1% (c) 581 (d) - - 

Chappasuy 
intake 

   494 (e) 74.9% (a X 
b/c X e/d = x) 

8.87 (x X y) 

2km upstream 
from 
Yakkakhana 
village 

71.1% 65.2% 76.7% 443   

Rabat intake    443 60.5% 7.16 
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20. The method using discharge ratios shows a substantial difference between flows at the 
Rabat (7.16 m3/s annual avaerage) and Chappasuy intakes (8.87 m3/s), whilst the tank model 
shows a less significant difference (8.00 and 8.54 m3/s respectively). 
 
21. The series based on the tank model has been used for the EFlows assessments because: 

 Satellite images indicate that the inflow from the tributaries between the Rabat intake 
and the Chappasuy intake may not be substantial; 

 The series based on discharge ratios reduces the Khazarnova/Gissarak data by a % 
to take account of tributary inflows, but does not consider how these tributary inflows 
vary over the year; 

 Observations in July-October 2018 that are used as the basis for the discharge ratios 
may not be reliable (measurements were done in rapid flows) or representative of the 
average as they were conducted only over four months in one year. 

 
22. The method using the discharge ratios is acceptable for estimating energy generation, as 
it is more conservative than estimates using the tank model approach. 
 
23. The resulting flow duration curves and monthly mean flows for the intakes are shown in 
Figures D-1 and D-2, and Table D-2 below. 
 
24. Of the main tributaries entering the Aksu in the project area: 

 The Sutushar and Tamshush are significant tributaries that enter the Aksu 
immediately upstream of the Tamshush powerhouse, on the opposite bank; 

 The Chappasuy is the next largest tributary that enters the dewatered reach, 
immediately downstream of the Chappasuy powerhouse on the right bank. Although 
it has a catchment area of 65km2), annual mean flow is only 0.25 m3/s, with 
significant seasonal fluctuations (nearly zero in July-September, and high, around 
0.5 in February-April, based on the tank model; 

 The Rabat enters the Aksu between the Rabat powerhouse and Chappasuy intake, 
near the village of Yakkakhana; 

 Inflow from the other triburaries are negligible. 
 

Figure D-2: Flow Duration Curves at Rabat and Chappasuy Intakes (Based on the Tank 
Model) 
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Figure D-2: Monthly Mean Flows in m3/s at Rabat and Chappasuy Intakes (Based on the 
Tank Model) 
 
 
D.3 Storage and Operational Characteristics of the Project 

25. The project is not a storage project, and none of the intakes has any ability to store water. 
 
26. Each intake will operate to divert up to 15 m3/s of water, equivalent to the design flow of 
the powerhouses. Each powerhouse consists of four turbines with a design flow of 3.75 m3/s, and 
each of which may function with 40% of design flow i.e. 1.5 m3/s, so the lowest volume that can 
be diverted will be 1.5 m3/s. 
 
27. It was originally proposed that a minimum ‘environmental’ flow equivalent to 10% of the 
estimated annual average flow is provided downstream of each intake, i.e. 0.72 m3/s at Rabat, 
and 0.89 m3/s at Chappasuy. 
 
28. These operational characteristics are applied to the monthly average inflows at Rabat and 
Chappasuy intakes, in Tables D-2 and D-3 below, to indicate what the effective flows will be 
immediately downstream of each. At Rabat, EFlows decrease from March to April as each turbine 
is brought into operation as flows increase (in fact the operation of each turbine may start and 
stop several times through the year, as shown in the charts in Box D-2). 
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Table D-2 EFlows Downstream of Rabat Intake, Assuming a 10% Minimum Flow 
Month Mean 

Monthly 
Flow (m3/s) 

Diverted for 
generation 
(m3/s) 

Minimum 
Flow (m3/s) 

Spilled at 
intake 
(m3/s) 

Eflow (m3/s) Eflow % 

Jan   3.02   2.3 0.72 0   0.72 24% 

Feb   3.12   2.4 0.72 0   0.72 23% 

Mar   5.45     3.75 0.72      0.98 1.7 31% 

Apr 11.42 10.7 0.72 0   0.72   6% 

May 18.54 15.0 0.72      2.82   3.54 19% 

Jun 18.81 15.0 0.72      3.09   3.81 20% 

Jul 13.09 11.25 0.72      1.12   1.84 14% 

Aug   7.17   6.45 0.72 0   0.72 10% 

Sep   3.96   3.24 0.72 0   0.72 18% 

Oct   3.54   2.82 0.72 0   0.72 20% 

Nov   3.85   3.13 0.72 0   0.72 19% 

Dec   3.81   3.09 0.72 0   0.72 19% 

 

Table D-2 EFlows Downstream of Chappasuy Intake, Assuming a 10% Minimum Flow 
Month Mean 

Monthly 
Flow (m3/s) 

Diverted for 
generation 
(m3/s) 

Minimum 
Flow (m3/s) 

Spilled at 
intake 
(m3/s) 

Eflow (m3/s) Eflow % 

Jan   3.30     2.41 0.89 0.00 0.89 27% 

Feb   3.61     2.72 0.89 0.00 0.89 25% 

Mar   6.31     5.42 0.89 0.00 0.89 14% 

Apr 12.68   11.25 0.89 0.54 1.43 11% 

May 20.16 15.0 0.89 4.27 5.16 26% 

Jun 19.86 15.0 0.89 3.97 4.86 24% 

Jul 13.37   11.25 0.89 1.23 2.12 16% 

Aug   7.21     6.32 0.89 0.00 0.89 12% 

Sep   3.97     3.08 0.89 0.00 0.89 22% 

Oct   3.63     2.74 0.89 0.00 0.89 25% 

Nov   4.06     3.17 0.89 0.00 0.89 22% 

Dec   4.07     3.18 0.89 0.00 0.89 22% 
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Box D-2 Hydrographs for Typical, Wet, and Dry Years, Downstream of Rabat Intake 
1) 2013: a typical year with peak flows reaching around 25 m3/s in the summer, and without any significant anomalous 
peaks in flow. The flows in the Rabat dewatered reach (red line) are at the minimum 10% eflow for most of the year, 
but go above this with the summer peak in flow. The increase in flow in spring, and the decrease in autumn will be 
sudden, in comparison to pre-project flows. Potential impacts are: a shorter season for floodplain cropping; a shorter 
season for fish spawning; and the stranding of fish, especially young, as the flow abruptly decreases in July. This could 
be mitigated by ensuring a higher % of flows are provided downstream in the months of April, May, July and August: 
20% or 30% of inflow would smooth the transition (as in the chart, grey line). 
 

 
 
2) 2011: a dry year. The flows in the Rabat dewatered reach will be at or near the minimum 10% for the entire year, 
and there will be no summer peak. This is likely to have significant impacts on floodplain cropping, and on fish 
populations. This also could be mitigated by providing a higher % of flow downstream: 20 or 30%, April to July. 
 

 
 
3) 2005: a wet year, with some peaks in flow. Spring peaks in flow in the dewatered reach reflect the peaks in in-
flow, but the change is more abrupt. As in the typical year, the increase in flows in summer and its decrease at the end 
of July is more abrupt than pre-project. There may be a positive impact if the avoidance of the highest floods avoids 
damage to floodplain cropping, but there will be a shorter season for floodplain cropping, and a shorter season for fish 
spawning; and a risk of stranding of fish, especially young, as the flow abruptly decreases in July. These also may be 
mitigated by ensuring a higher proportion of inflows are passed downstream in April-May and late-July-August. A further 
impact is that sediment will accumulate in the river channel from landslides and tributaries, as the highest floods will 
not transport as much sediment as the highest pre-project floods. 
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D.4 Definition of River Reaches 

29. This EFlows assessment is based on the delineation of the following river reaches, defined 
on the basis of the river system and proposed Project infrastructure: 
 

Reach 1 Rabat intake to the Rabat powerhouse (approx. 3.6 km) 
 
Reach 2  Rabat powerhouse to the Chappasuy intake (approx. 1.7 km) 
 
Reach 3 Chappasuy intake to the confluence with the Tamshush (approx. 7.3 km) 
 
Reach 4 Tamshush confluence to Tamshush powerhouse (under 1 km) 
 
Reach 5 Tamshush powerhouse to Hisorak reservoir (approx. 6 km). 
 
Reaches 1, 3 and 4 are dewatered by the Project. Reach 2 is the section at the village of 
Yakkakhana between the Rabat and Chappasuy projects (and is where the Rabat tributary 
joins the Aksu), and Reach 5 is downstream. 

 
D.5 Uses, Values and Services of River Reaches 

30. The uses, values and services of the reaches are set out in sections D.5.1 to D.5.6 below. 
For each reach, they are summarized in the following areas: 

 Terraces reliant on flood waters; 

 Aryk and Piped Irrigation; 

 Mini-hydro Stations and Mills;  

 Use of Water for Domestic Purposes and Livestock; 

 Fish Biodiversity and Fisheries; 

 Riparian Mammal and Bird Biodiversity. 
 
31. The project area is a sparsely populated rural area, with a rate of poverty of over 42% 
(September 2018). The total population of Hisorak and Yakkakhona settlements is 1854, 
consisting of 337 households (Hisorak 1,522 people, 281 households; Yakkakhona 337 people, 
56 households). The majority of people are engaged in agriculture. All households have access 
to electricity, but wood and dry manure is used as fuel. 
 
32. More than 40 families, a small college, and a small hotel use water from the river. People 
farm on terraces along the river, growing crops, livestock pastures (meadows), orchards, poplar 
plantations and gardens. Some of these rely only on high flows during the early summer to deliver 
water to the terraces, but most use simple systems of irrigation. Most of these consist of an aryk 
i.e. a small channel that is used to divert water to the terraces, some using small weir-like 
constructions in the river channel to divert water into the aryk. Some use a hose or pipe to deliver 
water to the terraces. An additional survey in June 2019 confirmed that farmers use water from 
aryks for irrigation in months of low precipitation (May to September), and do so roughly once 
every 10 days during the low precipitation period, or 2–3 times a week in dry years. Based on 
these surveys, their usage is about 12 litres per m2 of farmland per day (i.e. 120 litres per m2 once 
every 10 days). People also use the water for domestic purposes, to water livestock (cattle and 
sheep), and to power two mini-hydropower stations, and one mill. 
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33. EIA surveys found no water wells in the project area, but people in Hisorak and 
Yakkakhona use a total of six springs and two main potable water drawing points from the Aksu 
river. People collect water for domestic purposes from the river using buckets or 40 litre containers 
(transported by donkey or car). The volumes of water used for domestic purposes is limited: EIA 
surveyors estimate 5 or 6 buckets per household per day, each of 8-10 litres, i.e. a maximum of 
60 litres per day. Even if people used far more – 300 litres per household per day, as is the 
Uzbekistan norm – the amount consumed by the entire population of Hisorak and 
Yakkakhan would amount to only 0.16% of the proposed minimum flow downstream of 
Rabat intake.  
 
34. The project is located in the Mountains of Central Asia biodiversity hotspot, the Aku River 
is part of the northern border of the a Key Biodiversity Area / Important Bird Area (the Gissar State 
Nature Reserve KBA/IBA), and the Gissar State Nature Reserve is 7.5 km south-east of the 
Project area. Six species of fish inhabit the Aksu river and Hisorak reservoir: three lentic (still 
water) species, Alburnoides taeniatus, Cyprinus carpio (introduced, IUCN Redlisted VU), 
Pseudorasbora parva (introduced); and three lotic (flowing water) species, Noemacheilus 
stoliczkai, Schizothorax intermedius, and Salmo trutta (introduced). Only the lotic species were 
found upstream of the Tamshush powerhouse site in fish surveys for the EIA. N.stoliczkai and 
S.intermedius migrate downstream in winter to avoid colder temperatures and move upstream in 
the summer to spawn. The possible spawning points of Schizothorax intermedius are lower than 
FC03. The Integrated Biodiversity Assessment Tool (IBAT) lists one other IUCN-Redlisted 
species, Luciobarbus brachycephalus (VU) as present in the region, but it has not been found in 
EIA fish surveys. 
 
35. A few people engage in fishing on the Aksu river, but according to EIA consultations and 
Focus Group Discussions (FGDs), this is a recreational activity and not for livelihoods. According 
to the social survey, the number of people that fish for food is not significant. Only 0.8% of 
households in the Project area fish at least once a year. Those that do fish prefer to eat 
Schizothorax intermedius. 
 
36. Eurasian Otter Lutra lutra NT is a riparian, fish-eating species of conservation concern 
that potentially inhabits the area. Its range coincides with the project area and local residents 
report that an otter was killed in the village of Hisorak in 2018. A notable species that may use 
the river for fish prey and water is the Tien Shan Brown Bear Ursus arctos isabellinus (LC). Bird 
species of conservation concern that may prey on fish or inhabitat the river channel, and are 
potentially present in the area are: Pallas's Fish-eagle Haliaeetus leucoryphus (EN), White-
headed Duck Oxyura leucocephala (EN); Marbled Teal Marmaronetta angustirostris (VU), Great 
Snipe Gallinago media (NT), Eurasian Curlew Numenius arquata (NT), and Black Stork Ciconia 
nigra (Nationally-redlisted VU:R). None of these species were seen in the Project area during EIA 
surveys. Hunters report that the black stork is found annually near the project area from April to 
August. Solitary snipe Gallinago solitaria (LC) was observed and Dipper Cinclus cinclus (LC) was 
nesting during surveys in May 2019. Flora species of conservation concern are not known in the 
riparian zone.  
 
D.5.1 Reach 1 – Rabat intake to the Rabat powerhouse 

37. Terraces reliant on flood waters. There is a total of 6 sites in this reach that are watered 
only by seasonal floodplain inundation by the Aksu river (Items 2-5, 8 and 9 in Table F-22, 
Appendix VI – Irrigation). These range in length (i.e. along the river) from 85 m to 400 m, and all 
are poplar plantations, but some also include fields for livestock and small-scale cropping. 
 



 D-13

38. Aryk and Piped Irrigation. There are two sites in this reach that are irrigated by means 
of aryk and hosepipes. Both irrigate poplar and meadows on both right and left banks, and are 
115 m and 320 m in length (Items 6 and 7 in Table F-22, Appendix VI – Irrigation). One uses a 
small weir to divert water. The area irrigated is not clear, but, assuming a terrace width of 100 m, 
the area could be over 4 ha, extracting about 0.056 m3/s once every 10 days in the summer 
(based on data on the frequency of use of aryks, and their dimensions/discharge, gathered from 
a sample of aryks in June 2019) or the same amount 2-3 times per week in a dry year.  
 
39. Use of Water for Domestic Purposes and Livestock. No households are present along 
the river in this reach, so it is very unlikely that people collect water for domestic purposes here. 
However, it is probable that shepherds water livestock along the river. 
 
40. Fish Biodiversity and Fisheries. No fish surveys were originally conducted in this reach 
for the EIA, but Noemacheilus stoliczkai and Schizothorax intermedius are likely to be present, 
as they were found upstream of the Rabat intake site (upstream of this reach) in September-
October 2018. Noemacheilus stoliczkai was confirmed in June 2019. Although Schizothorax 
intermedius was not found in this reach in June 2019 (due to high velocity of the water during the 
survey), it is likely they inhabit this reach. The EIA fish specialist did not identify any sites that 
would be suitable for spawning or fingerling habitat in this reach. Fish probably migrate upwards 
past the Rabat intake to spawn, but numbers in the surveys are much higher downstream of 
Chappasuy intake.  
 
41. Riparian Mammal and Bird Biodiversity. There are two brown bear families occupying 
ranges on either side of the river in this reach. Bears descend into the river valley after hibernation 
in March-April to feed on vegetation in the floodplain, and in October-November to forage on 
garden fruits and nuts in preparation for hibernation. An additional bear family from upstream 
moves into this area in autumn. Bears drink from the Aksu river, but it is not the only source of 
water. No information on other mammals or bird species that is specific to this reach is available. 
 
D.5.2 Reach 2 – Rabat powerhouse to the Chappasuy intake 

42. Aryk and Piped Irrigation. Three significant sites use aryks to divert water for irrigation 
in this reach: a large site, 620 m in length, with (on the right bank) walnut, poplars, (on the left 
bank) gardens, orchards, and meadows, serving 5 families; 220 m in length, a garden, poplars, 
and meadows on the right bank, serving 3 families; 280 m in length, also with a garden, meadow, 
and poplars, on the right bank, serving 2 families. (Items 10-12 in Table F-22, Appendix VI – 
Irrigation). 
 
43. Mini-hydro Stations and Mills. There are two mini-hydro stations, using water diverted 
by aryk, and one disused mill on the right bank in this reach (Items 10 and 11 in Table F-22, 
Appendix VI – Irrigation). 
 
44. Use of Water for Domestic Purposes and Livestock. The population of Yakkakhan 
collect water for domestic purposes and livestock in this reach. A pump on the left bank supplies 
Yakkakhona village with water. ‘Drawing water point 1’ in the EIA, where water is drawn by hand, 
is located in Yakkakhan. 
 
45. Fish Biodiversity. Noemacheilus stoliczkai and Schizothorax intermedius are likely to be 
present, as they were found at upstream and downstream surveying sites. The EIA fish specialist 
did not identify any sites that would be suitable for spawning or fingerling habitat. 
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46. Riparian Mammal and Bird Biodiversity. No information on mammals or bird species 
that is specific to this reach is available. 
 
D.5.3 Reach 3 – Chappasuy intake to the confluence with the Tamshush 

47. Terraces reliant on flood waters. There are two sites that are watered by seasonal 
floodplain inundation: a poplar plantation 150 m in length on the right bank, and a garden 50 m in 
length on the left bank. (Items 15 and 21 in Table F-22, Appendix VI – Irrigation). 
 
48. Aryk and Piped Irrigation. In this reach, there are a total of 11 sites ranging in length 
from 50 m to 400 m, watered by aryk or piped irrigation, encompassing poplar plantations, 
orchards, meadows, vegetable gardens, and gardens. A total of 8 aryks and 4 hosepipes are 
used to divert water from the left bank, some using small weirs, and a total of 5 aryks are used on 
the right bank. (Items 13, 14, 16-20, and 22-25 in Table F-22, Appendix VI – Irrigation). In addition, 
immediately before the confluence with the Tamshush, a site 270 m in length uses a left bank 
aryk and hosepipe to divert water for the garden and poplar plantation of an Information 
Technologies college, and a small hotel on the right bank also extracts water. The area irrigated 
is not clear, but, assuming a terrace width of 100 m and a total of 2350 m of river-length (identified 
in Appendix VI – Irrigation, Table F-22), it could be 23.5 ha, extracting over 0.3 m3/s once every 
10 days in the summer (although presumably they would not extract water all at the same time; 
figures based on data on the frequency of use of aryks, and their dimensions/discharge, gathered 
from a sample of aryks in June 2019). 
 
49. Mini-hydro Stations and Mills. Immediately before the confluence with the Tamshush, 
there is one working mill. Upstream, there is one disused mill. (Items 25 and 13 in Table F-22). 
 
50. Use of Water for Domestic Purposes and Livestock. Immediately before the 
confluence with the Tamshush, a cluster of buildings is visible on satellite imagery. Further 
upstream, three households are visible from satellite imagery of this reach, and are very likely to 
use the river for domestic water and livestock. The EIA identified three sites of springs in this 
reach, used by villagers when river water is too turbid with silt: in the upper part of the reach, two 
springs (identified as Springs 1 and 2 in the EIA); in the lower part, one spring (identified as Spring 
4). A cluster of buildings, including the mini-hotel and IT college, immediately before the 
confluence are also likely to draw water for domestic purposes.  
 
51. Fish Biodiversity and Fisheries. Noemacheilus stoliczkai and Schizothorax intermedius 
were found in this reach in the EIA fish surveys in both September-October 2018 and June 2018. 
The fish specialist has identified 9 sites in this reach which would be suitable spawning and 
nursery sites for Schizothorax intermedius and spawning fish were present during surveys 
conducted in June 2018. The spawning season seems to start around June and the peak 
spawning season is in Summer. Spawning areas for Noemacheilus stoliczkai are also expected 
in this reach. Fingerlings cannot reach above this reach when migrating upwards in Summer. 
 
52. Riparian Mammal and Bird Biodiversity. No information on mammals or bird species 
that is specific to this reach is available. 
 
D.5.4 Reach 4 – Tamshush confluence to Tamshush powerhouse 

53. Terraces reliant on flood waters. Terraces (i) between the Tamshush and Sutushar 
tributaries, to the north of the road, and (ii) adjacent to the power plant site are visible on satellite 
imagery. 
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54. Aryk and Piped Irrigation. Surveys have not identified any aryk or piped irrigation in this 
reach. 
 
55. Use of Water for Domestic Purposes and Livestock. The EIA report identifies a location 
at which people draw water from the Aksu, immediately at the confluence, and two springs 
(Springs 5 and 6) after the confluence. The majority (57.2%) of households in the settlement of 
Hisorak obtain water from this part of the Aksu. The government is preparing a feasibility study to 
develop a pipeline water supply system in this area. 
 
56. Fish Biodiversity and Fisheries. Noemacheilus stoliczkai and Schizothorax intermedius 
were found in this reach in the EIA fish survey. The fish specialist has identified 7 sites in this 
reach which would be suitable spawning and nursery sites for Schizothorax intermedius. 
Spawning areas for Noemacheilus stoliczkai are also expected in this reach. 
 
57. Riparian Mammal and Bird Biodiversity. No information on mammals or bird species 
that is specific to this reach is available. 
 
D.5.5 Reach 5 – Tamshush powerhouse to Hisorak reservoir 

58. No information on social uses of this reach of the river is available. 
 
59. Fish Biodiversity and Fisheries. The majority of fish migrate downstream of Tamshush 
in winter (see figures on migration in Appendix IV - Fish). 
 
E DEFINING PROJECT IMPACTS 

60. Table E-1 below summarises impacts on the above uses, values and services on a reach-
by-reach basis. 
 
E.1.1 Reach 1 – Rabat intake to the Rabat powerhouse 

61. Terraces reliant on flood waters; Aryk and Piped Irrigation. Six sites using floodplain 
inundation, and two sites using aryks / piped irrigation will be affected by a significant reduction 
in flow, especially in winter. Sites that are reliant on floodplain inundation are likely to require 
piped irrigation to maintain productivity. The volume of extraction of aryks / piped water is limited. 
Mitigation is feasible and inexpensive, and will include: 

 Provision of new irrigation systems for farmers, or compensation if preferred by the 
affected household, using sites along this reach1; 

 Relocation of intakes of existing aryk and piped irrigation systems; and 

 Provision of small water storage facilities for cropped areas and gardens, and for the 
provision of water for livestock. 

 
62. Impacts on terraces will also be mitigated by a higher, variable EFlow regime. Whilst the 
regime is designed for fish and riparian biodiversity (see below), it takes into account the need to 
provide a volume of water for agricultural and domestic purposes. 
 

                                                
1  Refer to the Resettlement Action Plan for details. Compensation will be at replacement value for their land, according 

to agreed rates, with relocation allowance, and assistance for the restoration of livelihoods. 
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63. There will be no impacts on the Use of Water for Domestic Purposes and Livestock 
and 
Mini-hydro Stations and Mills, as these uses have not been found in this reach. If impacts on 
the former are found, the Project will respond with the provision of piped domestic water systems 
and storage facilities (see Adaptive Management below). 
 
64. Fish Biodiversity and Fisheries. A minimum flow regime of 10% of annual average flows 
would have significant impacts on aquatic biota, and on the two fish species expected in this 
reach, N.stoliczkai and S.intermedius. This is due to: reduced availability of food species; reduced 
availability of habitat for upstream migration and spawning; later onset of flow and temperature 
cues for upstream migration for spawning, reducing the length of the breeding season; abrupt 
changes in flow with the operation of each turbine, affecting spawning and fish fry, and migration 
cues; and very significantly reduced summer flows in dry years. It is proposed that these impacts 
can be mitigated by the provision of a higher, variable EFlow regime. 
 
65. In addition, currently, high summer season flows transport significant volumes of sediment 
that is moving down the river from upstream and inwards from tributaries and landslides. Lower 
flows will slow the movement of this sediment, resulting in accumulation of sediment on the 
riverbed and at tributary confluences. This may further restrict fish movement, reduce availability 
of spawning and nursery habitat, and will require monitoring with response measures to move 
sediments and modify the river channel to enable fish movement (see Adaptive Management 
below).  
 
66. In addition, project managers will flush accumulated sediment from the weirs occasionally 
during high flows. This will wash sediment into this reach in a short period, potentially affecting 
upstream migrating fish, or destroying suitable spawning habitat. 
 
67. Riparian Mammal and Bird Biodiversity. It is likely that the impacts of lower flows on 
floodplain vegetation, and on aquatic biota and fish, will affect habitat suitability for bird and 
mammal species, including the Otter and Brown Bear. Reduced flow may present a risk of human-
wildlife conflict if it results in lower availability of food plants for bears in the floodplain. It is 
proposed to that these impacts can be mitigated by the provision of a higher, variable EFlow 
regime, and additional measures to support the species including irrigation of forage areas. Very 
little is understood of the species and their use of the valley, requiring a survey and monitoring 
program to develop a better understanding, and adaptive management if impacts on these 
species is not satisfactorily mitigated by the EFlow regime. 
 
E.1.2 Reach 2 – Rabat powerhouse to the Chappasuy intake 

68. As flows are not affected in this reach, there will be no significant impacts on any of the 
uses or values of the reach. 
 
69. Note that, if inflows from upstream deliver less sediment to this reach as pre-project, the 
sediment in this reach may become depleted. However, this would be a very long-term effect and 
it is not clear that it would have any impact (spawning is not observed in this reach). 
 
E.1.3 Reach 3 – Chappasuy intake to the confluence with the Tamshush 

70. Impacts will be most significant in this reach. 
 



 E-17

71. Terraces reliant on flood waters, Aryk and Piped Irrigation, Mini-hydro Stations and 
Mills, and Use of Water for Domestic Purposes and Livestock. A significant number of users 
- 2 flood-fed terraces, 11 irrigated terraces, mill, IT college, mini-hotel, and domestic users - will 
experience lower availability of water. Sites that are reliant on floodplain inundation are likely to 
require piped irrigation to maintain productivity. As mentioned above, the total area irrigated may 
be 23.5 ha, extracting over 0.3 m3/s once every 10 days in the summer, or in a dry year 2–3 times 
a week. Whilst the volumes are small (and it is not known of how long farmers extract water each 
time they irrigate), they may have a cumulative impact if all users extract water at the same time, 
which is conceivable during a dry spell. 
 
72. However, mitigation is feasible and inexpensive, and will include: 

 Provision of new irrigation system for farmers using sites along this reach; 

 Relocation of intakes of existing aryk and piped irrigation systems; 

 Provision of small water storage facilities for cropped areas and gardens, and for the 
provision of water for livestock; 

 Provision of water storage facilities for domestic purposes. 
 
73. Impacts of these uses will also be mitigated by a higher, variable EFlow regime. Whilst the 
regime is designed for fish and riparian biodiversity (see below), it takes into account the need to 
provide a volume of water for agricultural and domestic purposes. 
 
74. Fish Biodiversity and Fisheries. A minimum flow regime of 10% of annual average flows 
would have significant impacts on aquatic biota, and on the two fish species found in this reach, 
N.stoliczkai and S.intermedius. This is for similar reasons as in Reach 1 (see above; including the 
risks of sediment accumulation), but the impacts will be greater in this reach as there are more 
spawning grounds, and fish populations are higher. It is proposed that these impacts can be 
mitigated by the provision of a higher, variable EFlow regime, and a program to monitor and 
manage fish passage and spawning. Flushing of sediment from the intake during high flows will 
wash sediment into this reach, potentially affecting upstream migrating fish, or destroying suitable 
spawning habitat. 
 
75. Riparian Mammal and Bird Biodiversity. As with Reach 1, it is likely that the impacts of 
lower flows on floodplain vegetation, and on aquatic biota and fish, will affect habitat suitability for 
bird and mammal species, including the Otter. It is proposed to that these impacts can be 
mitigated to some extent by the provision of a higher, variable EFlow regime, but as little is 
understood of the species and their use of the valley, a survey and monitoring program, and 
adaptive management is required. 
 
E.1.4 Reach 4 – Tamshush confluence to Tamshush powerhouse 

76. Terraces reliant on flood waters. Impacts on terraces may not be as significant as in 
upstream reaches, due to inflows from the Tamshush and Sutushar tributaries in summer. 
Impacts can be easily mitigated by the provision of storage and irrigation systems. Surveys have 
not identified any Aryk and Piped Irrigation in this reach. 
 
77. Use of Water for Domestic Purposes and Livestock. Although the majority (57.2%) of 
Hisorak obtain water from the Aksu, the volumes of extraction are low (even compared to a 10% 
minimum flow, as described above). The option of relocating the powerhouse upstream of 
Hisorak’s main points of extraction was considered, but discarded as the Tamshush powerhouse 
would be economically infeasible. Moving the power station upstream would reduce energy 
generation by 50% because there is a substantial head in the reach adjacent to the Hisorak 



 E-18

village. There would not be a significant reduction in cost, and the cost per kWh would increase 
70%. The location of any extraction points for the government’s proposed piped water supply 
system should be located downstream of the powerhouse to avoid any cumulative impact with 
the Project. 
 
78. Values of this reach for Fish Biodiversity and Fisheries, and Riparian Mammal and 
Bird Biodiversity are more limited as the reach is more heavily influenced by the presence of 
the large settlement of Hisorak within it. 
 
Table E-1: Impacts on Uses, Values and Services on a Reach-by-Reach Basis (XX = major 

impact, X = impact, - = no impact) 
Reach Key 

changes in 
flow 

Terrace
s reliant 
on flood 
waters 
 

Aryk 
and 
Piped 
Irrigatio
n 

Mini-
hydro 
Station
s and 
Mills 

Use of 
Water for 
Domestic 
Purpose
s and 
Livestock 

Fish 
Biodiversit
y and 
Fisheries 

Riparian 
Mammal 
and Bird 
Biodiversit
y 

1 Rabat 
intake to 
the Rabat 
powerhous
e 

Significantl
y reduced 
and 
irregular 
flows 

X X - - XX XX 

2  Rabat 
powerhous
e to the 
Chappasuy 
intake 

No change; 
flows as 
pre-project 

- - - - - - 

3 Chappasuy 
intake to 
the 
confluence 
with the 
Tamshush 

Significantl
y reduced 
and 
irregular 
flows 

X X X X XX X 

4 Tamshush 
confluence 
to 
Tamshush 
powerhous
e 

Significantl
y reduced 
flows, 
mitigated in 
summer 
months due 
to 
Tamshush 
inflows 

X - - X - - 

5 Tamshush 
powerhous
e to Hisorak 
reservoir 

No change; 
flows as 
pre-project 

- - - - - - 
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E.1.5 Reach 5 – Tamshush powerhouse to Hisorak reservoir 

79. As flows are not affected in this reach, there will be no significant impacts on any of the 
uses or values of the reach. Note that, if inflows from upstream deliver less sediment to this reach 
as pre-project, the sediment in this reach may become depleted. This may affect habitat suitability 
for N.stoliczkai and S.intermedius as the majority of fish migrate downstream of Tamshush in 
winter. However, this would be a very long-term effect. 
 
F ANALYSIS OF OPTIONS TO AVOID, MINIMIZE AND MITIGATE IMPACTS.  

80. In this stage, alternative minimum flow options were considered, and applied in Instream 
Flow Incremental Methodology (IFIM). IFIM is a habitat simulation methodology meaning that it 
relates river flows and hydraulic characteristics to the availability of suitable habitat for target 
species. This is a medium-resolution methodology, as shown in the range of methodologies for 
EFlows assessment set out in the World Bank Good Practice Handbook (table 3, page 50). The 
full results of the IFIM analysis are presented in Appendix VII: Verification of River Maintenance 
Flow with IFIM Approach. 
 
F.1 Minimum Flow Options 

81. The following minimum flow options were considered in an initial IFIM analysis and 
calculation of the EIRR: 
 

 Case-1: Without Project 

 Case-2: With Project, E-flow at 10% of annual average flow at the headwork 

 Case-3: With Project, E-flow at 20% of annual average flow at the headwork 

 Case-4: With Project, E-flow at 30% of annual average flow at the headwork 

 Case-5: With Project, E-flow at 10% & Riverbed deepening (2m width x 0.2m depth). 
 
82. Case-2 and Case-5 are economically viable, but Case-3 is probably not, taking into 
account hydrological uncertainty. Case-4 is definitely not economically viable. 
 
83. During the preparation of this EFlow assessment, a further three options were proposed. 
These were considered in terms of their effect on generation and the project’s EIRR. They will be 
fed into an updated IFIM analysis. These options vary the minimum flow on a monthly basis, 
ensuring that: 

 changes in flows in spring and autumn are less abrupt; 

 the length of the high flows season is extended; and 

 a summer peak in flows is provided, even in the driest years. 
 
84. They are: 

 Case-6: 20% of the monthly average flow, or 10% of the annual average, whichever 
is larger; 

 Case-7: 30% of the monthly average flow, or 10% of the annual average, whichever 
is larger; 

 Case-8: 30% of the monthly average flow in the highest flow months (May and June) 
and 20% in other months, or 10% of the annual average, whichever is larger. 

 
85. These were then rounded up (mostly, to the nearest 0.5 m3/s) to give proposed monthly 
minimum flows, which are the same at Rabat and Chappasuy intakes, as shown in Table F-1. 
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Table F-1 EFlows Downstream of Rabat Intake: Cases 6–8 
Month Mean 

Monthly Flow 
(m3/s) 

Case-6 (20%) Case-7 (30%) Case-8 (Variable) 

  Min. Flow Eflow* Eflow % Min. Flow Eflow* Eflow 
% 

Min. 
Flow 

Eflow* Eflow % 

Jan 3.02 1 1 33% 1.5 1.5 50% 1 1 33% 

Feb 3.12 1 1 32% 1.5 1.5 48% 1 1 32% 

Mar 5.45 1.5 1.7 31% 2.25 2.25 41% 1.5 1.7 31% 

Apr 11.42 2.5 3.92 34% 3.75 3.92 34% 2.5 3.92 34% 

May 18.54 4 4 22% 6 7.29 39% 6 7.29 39% 

Jun 18.81 4 4 21% 6 6 32% 6 6 32% 

Jul 13.09 3 3 23% 4.5 5.59 43% 3 3 23% 

Aug 7.17 2 3.42 48% 3 3.42 48% 2 3.42 48% 

Sep 3.96 1 1 25% 1.5 1.5 38% 1 1 25% 

Oct 3.54 1 1 28% 1.5 1.5 42% 1 1 28% 

Nov 3.85 1 1 26% 1.5 1.5 39% 1 1 26% 

Dec 3.81 1 1 26% 1.5 1.5 39% 1 1 26% 

* Includes spilling from intake when flow is not sufficient for all turbines to be used or when flows higher than design 
flow. 

 

Table D-2 EFlows Downstream of Chappasuy Intake: Cases 6–8 
Month Mean Monthly 

Flow (m3/s) 
Case-6 (20%) Case-7 (30%) Case-8 (Variable) 

  Min. Flow Eflow* Eflow % Min. Flow Eflow* Eflow 
% 

Min. 
Flow 

Eflow* Eflow % 

Jan   3.30 1 1.00 30% 1.5 1.50 45% 1 1.00 30% 

Feb   3.61 1 1.00 28% 1.5 1.50 42% 1 1.00 28% 

Mar   6.31 1.5 2.56 41% 2.25 2.56 41% 1.5 2.56 41% 

Apr 12.68 2.5 2.50 20% 3.75 5.18 41% 2.5 2.50 20% 

May 20.16 4 5.16 26% 6 6.00 30% 6 6.00 30% 

Jun 19.86 4 4.86 24% 6 6.00 30% 6 6.00 30% 

Jul 13.37 3 3.00 22% 4.5 5.87 44% 3 3.00 22% 

Aug   7.21 2 3.46 48% 3 3.46 48% 2 3.46 48% 

Sep   3.97 1 1.00 25% 1.5 1.50 38% 1 1.00 25% 

Oct   3.63 1 1.00 28% 1.5 1.50 41% 1 1.00 28% 

Nov   4.06 1 1.00 25% 1.5 1.50 37% 1 1.00 25% 

Dec   4.07 1 1.00 25% 1.5 1.50 37% 1 1.00 25% 

*  Includes spilling from intake when flow is not sufficient for all turbines to be used or when flows higher than design 
flow. 

 
86. Cases 6, 7 and 8 are expected to generate 82.61, 71.72, and 80.37 GWh respectively, 
whilst they are required to generate 81.36 GWh i for the project to be economically feasible. 
Therefore Case-6 is the economically-preferred option. Case-8 would be economically viable if 
tariffs are expected to increase in future. 
 
87. Box F-1 shows hydrographs for Case-6 at Rabat below, for typical, dry and wet years. In 
contrast with the hydrographs in Box D-2, the % Eflow does not dip as significantly in spring and 
autumn. 
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Box F-1 Hydrographs for Case-6 at Rabat 
1) 2013: a typical year with peak flows reaching around 25 m3/s in the summer, and without any significant anomalous 
peaks in flow.  
 

 
 
2) 2011: a dry year.  
 

 
 
3) 2005: a wet year, with some peaks in flow.  
 

 
 
F.2 IFIM Methodology 

88. IFIM evaluates the effects of incremental changes in discharge on channel structure, water 
quality, temperature, and availability of suitable microhabitat for selected target aquatic species.  
 
89. Cross sections (i.e. river profiles) of the river are necessary to determine the depths and 
volume of water. Reach 3 (Chappasuy intake to the confluence with the Tamshush) was selected 
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for the measurement of cross sections, as it is most affected by potential impacts. Its upper part, 
immediately downstream of the intake site was selected as it is representative of the river channel 
throughout the valley. Twelve (12) cross-sections of the river were plotted using topographic 
maps.  
 
90. In order to obtain water depth and velocity for the above minimum flow options, HEC-RAS 
modeling was used to plot velocity distribution in the river cross sections. 
 
91. In the IFIM methodology, a ‘Suitability Index’ (SI) is then determined based on water depth 
and velocity. As there is no existing SI data for N.stoliczkai or S.intermedius, SI data of Tribolodon 
hakonensis was used, as it is of similar size and behavior to S.intermedius. N.stoliczkai is 
expected to have similar habitat requirements as S.intermedius. 
 
F.3 IFIM Conclusions 

92. The conclusions of the initial IFIM analysis, summarized in Figure F-1, were: 

 For adult fish, habitat suitability declines in direct proportion to the extent of reduction 
from pre-project flows, with a 30% minimum flow being most suitable, and 10% least 
suitable. The modification of the river channel in “Case-5” has no effect; and 

 For larval fish, Cases 2-4 increase habitat suitability during the summer peak in flows 
(as flows are reduced), but decrease suitability in winter (as flows are too low), and 
make little difference in spring and autumn; Case-5 improves suitability through the 
year, except in summer. 

 

Figure F-1. Initial IFIM Results: Sum of Habitat Suitability for Adult and Larval Fish  
 
93. Additional IFIM analysis of Case-6 and Case-8 was undertaken by obtaining a sum of 
habitat suitability by interpolating the monthly indices obtained in the initial IFIM analysis. The 
results are summarized in Figure F-2, and the key conclusions are: 
 

 For adult fish, the habitat suitability of Case-6 is almost the same as Case-8; and 
Cases 6 and 8  are generally more suitable than Cases 2 and 5, especially in spring, 
autumn and winter;  

 For larval fish, the habitat suitability of Cases 6 and Case 8 is similar to Cases 2-5 in 
summer, and similar to Case 3 for the rest of the year. 
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Figure F-2. Additional IFIM Results: Sum of Habitat Suitability for Adult and Larval Fish  
 
94. Further discussions with stakeholders on the EFlow options, economic analysis, and IFIM 
conclusions will be held to finalise the selection of an EFlow regime. 
 
G EFLOWS MANAGEMENT PLAN (EFMP) 

95. This section presents the framework of an Environmental Flows Management Plan 
(EFMP). It will be developed into a full EFMP, which will be part of the Environmental Management 
Plan (EMP), describing the activities needed to implement, monitor, and review the EFMP and 
clearly defining responsibilities and key performance indicators. The EFMP will be aligned with 
the Biodiversity Management Plan and Fisheries Management Plan, and reflected in the 
environmental license, Concession Agreement, lender financial agreements and covenants. 
 
G.1 Objectives 

96. The objectives of the EFMP are that: 
 

 The project provides a variable minimum flow downstream of Rabat and Chappsuy 
intakes that support the environmental and social values and uses of the Aksu River 
throughout operation; 

 Impacts on these values and uses are avoided, minimized, and mitigated, and if 
necessary compensated; and 
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 EFlow measures are continuously reviewed and improved on the basis of improved 
understanding of the river, and impacts of the project. 

 
97. These objectives and measures will be developed into a policy statement setting out 
Uzbekhydroenergo’s commitment to EFlows, included in an updated EFMP. 
 
98. There are no domestic regulations for environmental flow in Uzbekistan, but this EFMP 
adheres to the principles set out in international guidelines and standards, such as: World Bank 
(2018) Good Practice Handbook – Environmental Flows for Hydropower Projects: Guidance for 
the Private Sector in Emerging Markets; and the Hydropower Sustainability Assessment Protocol. 
 
99. The key values that the EFMP will maintain are: 

 Productivity of terraces that are currently reliant on flood waters; 

 Availability of sufficient water (no less than present) for aryk and piped irrigation, and 
sufficient water for new irrigation systems that are necessary to maintain production 
on terraces; 

 Availability of sufficient water (no less than present) for domestic purposes and 
livestock; 

 The maintenance of fish populations in the Aksu River; 

 No net loss of biodiversity amongst fish-eating species, especially the Otter Lutra lutra. 
 
G.2 Environmental Flows 

100. Uzbekhydroenergo will provide the following minimum flows (Table G.1) downstream of 
both Rabat and Chappasuy intakes, throughout the operation of the Project. This is based on 
approximately 20% of monthly average flows, or 10% of annual average flows, whichever is 
higher. 
 
101. The actual flows downstream of each intake may be higher than this at time, when flow is 
not sufficient for all turbines to be used or when flows are higher than the total design flow. 
 
102. Uzbekhydroenergo will also review the minimum flow regime in response to additional 
analysis and the results of monitoring. In the immediate, pre-construction period, further analysis 
will be undertaken of varying the minimum flow regime further (30% of the monthly average flow 
in the highest flow months of May and June and 20% in other months, or 10% of the annual 
average, whichever is larger). 
 

Table G.1 Environmental Flow Commitment for Rabat and Chappasuy 
 

Month Minimum Flow (m3/s) 

Jan 1 

Feb 1 

Mar 1.5 

Apr 2.5 

May 4 

Jun 4 

Jul 3 

Aug 2 

Sep 1 
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Oct 1 

Nov 1 

Dec 1 

 
103. In addition, Uzbekhydroenergo will: 
 

 Avoid abrupt changes in flow during operations, for example with start and stop of 
individual turbine’s operation; and 

 Ensure a gradually increasing environmental flow in the downstream dewatered 
reaches during Spring, and a gradually decreasing flow during Autumn. 

 
G.3 Mitigation 

104. Uzbekhydroenergo will implement the following additional mitigation measures: 
 
105. In Reach 1 (Rabat intake to the Rabat powerhouse), Reach 3 (Chappasuy intake to the 
confluence with the Tamshush), and Reach 4 (Tamshush confluence to Tamshush powerhouse): 
 

 Provision or financing of new irrigation systems for farmers with terraces affected by 
the loss of high summer flows; 

 Provision or financing of small water storage facilities for cropped areas and gardens, 
and for the provision of water for livestock; 

 Relocation of intakes of existing aryk and piped irrigation systems, if necessary, to 
continue to obtain water; and 

 Flushing of sediment to be undertaken regularly (annually) to minimize sudden 
sediment plumes, and at the beginning of high flows to minimize disruption of fish 
upstream migration and spawning. 

 
106. In Reach 4 (Tamshush confluence to Tamshush powerhouse): 
 

 Advise the government that the location of any extraction points for the proposed piped 
water supply system should be located downstream of the powerhouse to avoid any 
cumulative impact with the Project. 

 
107. In all reaches: 
 

 As part of a program to maintain fisheries, the removal of the accumulation of sediment 
where it may limit fish movement, and minor modifications to the river channel to allow 
fish passage. 

 
G.4 Pre-construction Studies 

108. The following studies and surveys will commence as soon as possible and continue 
through the pre-construction and construction stages: 
 

 Continuous automated collection of flow data at the Rabat and Chappsuy intake sites. 
This will improve the hydrological record of both sites, and enable calibration of the 
Khazarnova/Gissarak and tank model data series; 

 Updated EFlows Assessment and economic analysis. On the basis of improved 
hydrological understanding, review and updating of the EFlows assessment and 
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economic analysis, prior to operation, to confirm the above proposed monthly 
minimum flows regime or confirm an alternative variable flow (such as Case-8), taking 
account of ecological and economic objectives; 

 Additional baseline fish species surveys, IFIM analysis, and fish passage design. 
Additional surveys of fish in Spring, Summer and Autumn seasons to establish a 
clearer understanding of migration and spawning locations. Quality assurance of the 
IFIM analysis by a specialist experienced in the use of habitat availability modeling. 
Additional review of fish passage design that is most suitable for these species; 

 Additional Otter surveys to confirm / refute its presence, and propose mitigation 
measures; 

 Consultation with local and national stakeholders on the EFlow assessment and 
management plan to finalise the selection of an EFlow regime. 

 
G.5 Monitoring and Adaptive Management 

109. There is a high degree of uncertainty in the downstream flow analysis, requiring a program 
of adaptive management to manage social and ecological impacts. There is hydrological 
uncertainty, and uncertainty in river sedimentology, the habitat requirements of the target fish 
species, and the presence and requirements of fish-eating riparian fauna, especially Otter. 
 
110. Adaptive management will require comprehensive monitoring, and a mechanism for 
response to monitoring results. Table G.2 includes monitoring commitments. These will be 
developed in further detail to include: objectives and scope; baseline data to be collected; timing 
and monitoring schedules; data analysis procedures; quality assurance; and frequency of 
reporting. 
 

Table G.2 Monitoring Commitments 
 Monitoring Response 

Flows  Continuous, automatic flow monitoring 
downstream of the Rabat and Chappasuy 
intakes; 

 Maintenance of infrastructure for minimum 
flows; 

 Cessation of extraction at any intake if 
minimum flow infrastructure is not 
functioning; 

Sediment  Sediment accumulation identified through 
regular community consultation, and 
through biannual fish habitat monitoring; 

 Physical removal of accumulated 
sediment; 

 Minor modification of river morphology to 
enable fish passage; 

Fish 
species 
and 
migration 

 Improved pre-construction baseline and 
biannual monitoring of fish species for at 
least 3 yrs after operation, to establish 
presence and upstream and downstream 
movement (and its timing); 

 Maintenance of infrastructure for fish 
passage  

 If practical, channel modification 
downstream of the intakes to ensure 
sufficient surface flows for fish passage; 
construct resting pools for migrating fish 
with annual maintenance; 

 Trap-and-transport measures if the 
passes are found to be ineffective; 

 Control of invasive fish species if found; 

Spawning  Annual surveys to identify the locations of 
spawning areas of fish species; 

 Protection and maintenance of spawning 
areas; 

Riparian 
piscivorou
s species 

 Baseline and annual monitoring of the key 
riparian species, including Otter and 
Brown Bear; 

 Measures to conserve these species (e.g. 
hunting prevention) if found to be 
declining; 
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 Bear encroachment into orchards and 
cropped areas, and associated human-
widlife conflict will be identified through 
regular community consultation. 

 Irrigation of forage areas for the Brown 
Bear in Reach 1 to reduce bear raids into 
people’s gardens and orchards. 

 


