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EXECUTIVE SUMMARY

The Project is located in Western Region of Uganda, in Isingiro District in Ngarama Sub-
county, Bukanga County. The dam site is about 30 km from Isingiro town, on Bigasha
River, which is a seasonal River.

The aim of the study was to undertake the feasibility study for a dam with emphasis on
agricultural development (irrigation, livestock and fisheries production), water supply,
energy and other uses.

The first investigations gave the following results:

The topographical survey was undertaken to produce rectified colour images and a
digital terrain model of the project area including potential irrigation area and
taking into account the country border. Digital colour images were also taken and
rectified to produce colour orthophotos of the project area. The survey was flown
at a height of approximately 800m and an image pixel size of 10cm has been
produced. The results of such level of accuracy offered by the LiDAR survey were
an asset for the performance of numerous engineering activities of this study
including the irrigation study and the environmental and social studies. The results
have led to review the topographical data of previous studies such as reduction the
potential control area for irrigation.

Geophysical investigations have checked the suitability of the selected site for the
construction of the dams and appurtenant structures. The used methodology was
the electrical resistivity techniques based on the response of the earth to the flow of
electrical current. 2D geological profiles were generated with stratification and
water table readily usable in the study. The investigation depth was about 25
meters.

During the geotechnical investigations within the rainy season for the dam design,
no water has been found. The geophysical investigation shows in the central part
of the dam axis, on a length of about 200m, a decreasing profile of resistivity, that
can be explained with the presence of highly weathered/highly jointed bedrock at a
depth to 25-30 m. The discontinuous nature of the Bigasha River and the
permeability of the bedrock along the dam axis should be further investigated at
later stage.

The availability of hydrological records has conditioned the way of executing the
studies. Thus, the determination of the classic parameters has been carried out by
correlation to neighbouring known catchments or through internationally accepted
methods. Doing so, the hydrological study estimated the annual runoff about 0,41
m®/s, with a quite pronounced seasonal pattern due to arid conditions and dry
periods without flows. Taking into account the net losses due to evaporation as
about 15,1% of the annual inflow, the maximum discharge is 0,35 m/s. Taking as
well into account the annual sedimentation rate at Bigasha site as 0,062 Mm?® and
the maximum annual water demand as 15 Mm? , the dam height has been defined
at 12 m with a Full Supply Level = 10m.

The main impact of such project would be the loss of a large cattle grazing area,
estimated as about 100Ha, with land tenure to take into consideration.

All the previous investigations led to carry out the detailed design scheme for Bigasha dam
with the following characteristics:

PAGE XIII

This document is the property of Tractebel Engineering S.A. Any duplication or transmission to third parties is forbidden without prior written approval



Dam Type Clay core zoned earth and rockfill embankment
Maximum height 12,00 meters (from the natural ground level)
Crest length 610,16 meters

Maximum width at NGL 60,00 meters

Slope of upstream face 2.5H:1V

Slope of downstream face 2H:1V

Plan alignment straight

Dam Crest level 1 268,00 m asl

Full Supply Level 1 266,00 m asl

Maximum water level 1267,24 m asl

Minimum operational level 1262 masl

The cross section of the dam consists of an earth zoning dam type with central core of clay,
supported upstream and downstream by filter and drainage system and rockfill random
material. Homogeneous earthfill dam was initially recommended by the Consultant, but the
client has required the change of the design due to its local experience with such type of
dam.

Upstream embankment will be protected with rock to prevent erosion. It is as well advised
to protect downstream embankment with grass.

In order to mitigate uncertainty about water seepage and on the basis of available
investigations results, the seepage control is improved by a 15m cut-off wall (which
projects into the core and bedrock) in the River valley and a horizontal drain downstream.

The main uses of the dam have been defined as follows:

e Irrigation with the designed perimeter covering a geographical area of 600 ha, out
of which it is expected a reduction due to the right of way of canals and drains.
Thus, the net irrigated area is estimated at 451 ha, with 6 km distance between the
dam and the downstream block. Different cropping pattern could be carried out in
this area, based on annual crops (maize, rice, beans, potato, and vegetable) as well
as perennial crops, mainly forage and fruits such as pineapple, orange, citrus.

e For the water supply, the proposed scheme covers the following wards in Isingiro
district: Nyakitunda, Kabingo, Kashumba and Ngarama for the objective of 23 600
households as beneficiaries.

e For the livestock watering, the design has been produced for 151 000 livestock
units with 20 water points, each one with a capacity of 7 000 litres.

e Taking into consideration that there is no aquaculture experience in the Project
area, this activity could be developed at first as pilot project with 20 fish ponds.

The cost of the dam construction is estimated to 37M US$ as follows. The economic
viability of the project is consequently questionable when compared to similar dam costs.
The high cost of the dam is mainly due to the 15m cut-off wall.

Bigasha dam CostUS §
Preliminary works 3755439
Dam 30 686 903
Spillway 2 356 417
Bottom Outlet 146 405
Hydro Steel Structure Equipment 82 800
Total 37 027 964

The summary of costs for all the projects is included in the following table.
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Water Use Component Capital Investment Capital Investment Capital Investment
Costs US $ Costs US $ Costs US $
for the first stage for the next stage TOTAL

Dam 37 030 000 37 030 000
Irrigation 2 433 000 1586 000 4 019 000
Potable Water Supply 17 535 000 17 535 000
Livestock Water Supply 2 397 000 959 000 3356 000
Aquaculture 896 000 2 007 000 2 903 000
Sub-total 60 291 000 4 552 000 64 843 000

The benefits includes time saving for fetching water and health benefit (for water supply
project), land appreciation, increased income and VAT benefit.

The economic analysis for the multipurpose dam with the objectives of irrigation, water
supply, fish ponds and livestock watering give the following results taking into
consideration all the benefits as described above:

e EIRR:20,10 %
e ENPV: US $ 34622 000
e EBCR: 1,287

However, in case of a scenario with 15% increase in costs and 15% decrease in benefits, the project
would not be economically viable.

Irrigation and water supply components are not economically viable if developed alone,
but need to be associated with other water use components.

The economic balance of the water use components requires that indirect revenues and
collective increased incomes related to project nature and activities (such as appreciation of

land, economic growth, employment) are taken into account.
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1. INTRODUCTION

1.1. Preamble remarks

Following the inception mission, the names of the four dams have been renamed as

follows:
e Taba-Gakomeye (Rwanda),
e Karazi (Tanzania),
e Buyongwe instead of Kiremba (Burundi),
e Bigasha instead of Omumukura (Uganda).

1.2. Background of the study

The Nile Basin Initiative (NBI) is a partnership of the riparian states’ of the Nile,
which endeavours to develop the River Nile in a cooperative way, to share socio-
economic benefits, and to promote regional peace and security. The NBI’s
Strategic Action Program is composed of two complementary programs: the basin
wide Shared Vision Program (SVP), which aims at building confidence and
capacity all over the basin, and Subsidiary Action Programs (SAPS), which initiate
concrete investments on the ground in the Eastern Nile and in the Nile Equatorial
Lakes sub-basins.

The Nile Equatorial Lakes Subsidiary Action Program (NELSAP)? implements
three river basin projects, among which the Kagera River Basin Management
Project (KRBMP). Its objective is “to establish a sustainable framework for the
joint management of the water resources of the Kagera river basin and prepare for
sustainable development oriented investments, in order to improve the living
conditions of the people and to protect the environment”. The Kagera River Basin
lies West and Southwest of Lake Victoria, and its total area of 59 800 km? is
distributed among Burundi, Rwanda, Tanzania and Uganda. It has a population of
nearly 15 million people.

The Kagera basin is characterized by a low productive peasant agriculture and
water scarcity for grazing and household. In many places, the population pressure
is increasing and triggers off land degradation, deforestation, loss of soil fertility
and over exploitation of wetlands. Eventually, climate change and its various
impacts are likely to make the situation even more stressful.

! Burundi, Democratic Republic of Congo, Egypt, Ethiopia, Kenya, Rwanda, Sudan, Tanzania and Uganda. Eritrea is
as an observer.

2 The countries of the NELSAP: Burundi, DR Congo (DRC), Egypt, Kenya, Rwanda, Sudan, Tanzania, and Uganda.
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The link between poverty and water scarcity is nowadays acknowledged and well
known. According to the International Water Management Institute, the whole area
is going to suffer from economic water scarcity in 2025. These countries could
have enough water resources to meet their needs, only by setting up infrastructures
and regulation systems. Hence, improving water infrastructures and management
will be of a crucial importance.

Furthermore, agriculture remains the economic mainstay: there is an increasing
need to develop irrigation in the area. As for livestock and aquaculture, they
remained relatively underdeveloped in most of the places. Eventually, in rural
areas, the population has a very low access to electricity and safe water supply,
which dramatically impedes the development of the Basin.

Thus, to tackle the abovementioned basin issues, the NELSAP and the KRBMP
procured Tractebel Engineering - Coyne and Bellier to undertake a feasibility study
of 4 small dams, that is to say below 15m according to World Bank classification
criteria, one in each country:

Taba-Gakomeye dam in Rwanda,
Bigasha dam in Uganda,

Karazi dam in Tanzania,
Buyongwe dam in Burundi.

This study is carried out in parallel with an Environmental and Social Impact
Assessment (ESIA).

According to the Terms of Reference (ToR), the following objectives for this study
are as follows:

e To carry out detailed feasibility studies including preliminary designs and
cost estimates for the four small dams, with emphasis on agricultural
development (irrigation, livestock, aquaculture and fisheries production),
water supply, energy and other uses, as found to be permitting;

e To undertake preliminary environmental and social examinations in order
to comply with the international standards and environmental and social
requirements of the national environmental management agencies and the
World Bank’s safeguard policies;

e To develop Terms of Reference for the detailed designs and tender
documents for implementation of the selected projects.

To fulfil these objectives, the following activity flow chart (see Figure 1) has been
followed all along the study.
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Figure 1: Activity flowchart of the feasibility studies for Kagera Project

Data collection and
review

Assessment of the
feasibility of the
four dams
|
Preliminary Financial and %‘:;::f;%zng‘:
design..r. $nd [ = economical] | and tender8
el Bhaysis documents

1.4. Place of the feasibility study report within
the Project cycle

This report comprises, as requested by the ToR,

e The technical studies, including:
- Description of multipurpose storage reservoir projects;
- Design of the 4 selected dams’ infrastructure and appurtenances;
- Detailed technical, financial and economic assessment of the
multipurpose dam sites; and
e The preliminary concept of a local water development program, including:
- the detailed findings of the various water use studies regarding
agriculture, fisheries, livestock, hydropower, water supply, etc;
- the detailed findings of water demand assessment,
- the recommended project implementation approach;
e The initial social & environmental examination of the projects;
e The terms of reference for the detailed designs and tender documents.
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1.5. Main constraint in the project cycle

The inception report mentioned that one of the main issues was the Light Detection
Aerial Ranging (LiDAR) topographical survey. The LiDAR survey was critical in
the schedule of the Project in order not to delay the overall project activities.

Due to the constraint to get all the flight clearances for the aerial surveys, the
LiDAR survey results for Uganda were received early April instead of February. It
should be noticed that the interpretation of the data from aerial survey takes time.
Thus, the uses of these data have delayed the overall study.
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2. DESCRIPTION OF THE KAGERA PROJECT

The countries of the NELSAP have identified a number of projects to promote
poverty alleviation, economic growth, and reversal of environmental degradation in
the sub-basin. The investments are grouped into two major programs: Natural
Resources Management and development of projects, and the Power Trade and
Development program. The two programs target investments in agricultural
development, fisheries development, water resources management, water hyacinth
control, hydropower development and transmission interconnection. The Natural
Resources Management sub program consists of three Integrated River Basin
Management projects, namely Kagera, Mara and Sio — Malaba - Malasiki River
Basin Trans-boundary Integrated Water Resources Management and Development
Projects. The Projects are aimed at poverty reduction and achieving socio-
economic development through the rational and equitable use of the shared water
resources of their respective River Basins.

The project objective of the Kagera Trans-boundary Integrated Water Resources
Management and Development Project is to establish a sustainable framework for
management of water resources of Kagera River Basin, in order to prepare for
sustainable development oriented investments that will improve the living
conditions of people while protecting the environment.

The NBI/NELSAP has received grant financing from the World Bank Nile Basin
Trust Fund towards preparation of a strategic portfolio of regional water resources
investment projects in the Kagera River Basin and has applied part of the proceeds
of this grant to undertake consultancy services for a feasibility study for
development of four small multipurpose dams/reservoirs with emphasis on
agricultural development (irrigation, livestock, aquaculture and fisheries
production), energy, water supply and other uses, which is the purpose of this
study.

The Kagera River Basin Management Project recently completed a study [a] for
identification and rapid assessment of potential small dams for the multipurpose
uses of agricultural development, hydropower generation, water supply, etc. The
study identified 28 new dam sites and made preliminary assessment of 3 previously
identified dams from the Rwanda Irrigation master plan. From this list of 31 sites,
11 sites were selected. From the shortlist of the 11 sites, after applying technical
considerations, four sites, one for each country, have been finally selected. The
scheme below highlights the identification process:
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Figure 2: identification process for the four dam sites

@Memaﬁmd pro@ 130 sites already identified in the Kagera River
development plans. Basin

LONG LIST : 31 dams (28 new, 3 previously identified)

Criteria :

- Equity (1 in each country)

- dam helght

- storage capacity and reservoir yield

SHORT LIST ;: 11 dams

Criteria :

- Foundation, seismic conditions
- Material availibility

- access to proposed sites

- agriculture water demand *Reconnaissance visits

- domestic water supply Profiles

- hydropower development -Sizing of the dam and its reservoir.
- potential demand areas

- endangered species, sensitive ecosystems
- land use in the proposed project areas

- government commitment

\ FINAL LIST : 4 dams

However, the study did not consider environmental and social economic
considerations in the identification of the dam sub-projects. Thus, the aim of this
present study is the feasibility studies for these four priority multipurpose dam
sites, which study will assess the technical, social, economic & financial, and
environmental viability of these multipurpose dam projects.

2.3. Location of the Project

The locations of the sites are shown on the following map within the Kagera River
Basin.
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Figure 3: location of the four sites of the Kagera Project
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Source: terms of reference of this study (from USGS-SRTM-NVE-CGIS-NUR)

The coordinates for the axis of each dam based on the terms of reference have been
recorded as follows:

Table 1: Coordinates of the four dam sites

(WGS84 system)
Country Dam site \% X 7

(DD) (bD) | (m)
Rwanda | Taba-Gakomeye |-2,50775 | 29,60169 | 1659

Burundi | Buyongwe -2,81669 | 29,95647 | 1382
Tanzania | Karazi -1,82336|31,01526 | 1324
Uganda |Bigasha -0,94818 | 30,89745 | 1261

Uganda_P003214RP30_KAGERA_FeasibilityStudyreport_Final2.docx Ed.14/12/2012 PAGE7 / 123

This document is the property of Tractebel Engineering S.A. Any duplication or transmission to third parties is forbidden without prior written approval



Nile Basin Initiative Feasibility studies for 4 small multipurpose dams in the Kagera River Basin Consultancy

2.4. Location of Buyongwe site

Uganda is divided into regions, districts, sub-districts, counties, sub-counties,
parishes and villages. The four administrative regions of Uganda are Northern,
Eastern, Central (Kingdom of Buganda) and Western. The following map
highlights the four regions of Uganda and the location of the Bigasha dam site.

Parallel with the state administration, six traditional Bantu kingdoms have
remained, enjoying some degrees of mainly cultural autonomy. The kingdoms are
Toro, Ankole, Busoga, Bunyoro, Buganda and Rwenzururu.

Figure 4: Uganda administrative map
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Source: NationsOnline Project, http://www.nationsonline.org

The Project is located in Western Region of Uganda, in Isingiro District in
Ngarama Sub-county, Bukanga County. The dam site is about 30 km from Isingiro
town, the main municipal, administrative and commercial centre in the District,
located approximately 35 km by road, southeast of Mbarara, the largest city in the
sub-region.
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Figure 5: Location of dam site in Isingiro District
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The coordinates for the axis of the proposed dam were recorded as follows:

Table 2: Bigasha dam axis coordinates

Consultancy

DAM AXIS COORDINATES
Bigasha - Uganda
30,89597 -0,94423| 265852,76| 9895563,25|Right
30,89832 -0,95016 266114,8| 9894907,52|Left
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3. METHODOLOGY

This chapter will present the methodology used all along this report for each
specific investigations.

3.1.1. Context

The existing maps mentioned in the ToR are 1/50 000 scale (probably 10/15m
interval isohyets) and therefore not usable as reference for the tasks under
consideration, in particular for dam and appurtenant workings as well as for
irrigation design.

A Light Detection And Ranging (LIDAR) survey was undertaken covering
reservoir footprint and working areas as specified in the Terms of Reference.
LiDAR is an optical remote sensing technology that can measure the distance to, or
other properties, of a target by illuminating the target with light, often using pulses
from a laser. Another advantage of this technology was the possibility of getting
high definition aerial pictures which are of high interest for the social and
environmental as well as for the irrigation studies.

3.1.2. Methodology

3.1.2.1.  LIDAR POINT PROCESSING

For the purpose of processing the laser points, the ITRF2008 Geographical
ellipsoidal coordinates were used. This is necessary as GPS works in the ITRF2008
datum with ellipsoidal heights.

The trajectory was calculated using Precise Point Positioning (PPP) as no base
stations were occupied for the duration of the aerial survey. The trajectory for each
flight was post processed using Waypoint DGPS software, which combines the 1
Hz GPS readings with the 200Hz inertial measurement system (IMU) readings and
outputs a smoothed “best estimated” trajectory for the laser scanner and camera
positions.

Following this, the laser points were processed into raw ENH points, using
Optech’s DASHMap Survey Suite. The output was in the ITRF2008 UTM36 South
projection but with ellipsoidal heights.

The final output is in the required ITRFO8 UTM36 South projection, with
orthometric heights based on the EGM2008 geoidal model.
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3.1.2.2.  LIDAR CALIBRATION

Overlapping LiDAR points from adjacent aircraft trajectories were used to check
the LiDAR calibration for heading, roll, pitch and scale. These values were then
used to make small flight-specific adjustments to the LiDAR data.

3.1.2.3.  LIDAR POINT TRANSFORMATIONS

The LiDAR points were transformed from the ITRF2008 UTM36 South ellipsoidal
coordinate system to the ITRFO8 UTM36 South orthometric coordinate system
using the EGM2008 geoidal model.

3.1.2.4.  LIDAR POINT EDITING

A “lst run” automatic classification was carried out on the raw LiDAR points
using TerraSolid’s TerraScan software to separate the LiDAR points into ground
hits and non-ground hits. This results in a greater than 95% correct classification.
After this, a manual classification was done over the required area to edit the points
with gross classification errors that may have occurred in the automatic
classification process.

As requested, the points were also thinned into “key points™:

e Ground key points are defined in such a way that where a rapid change in
elevation occurs, the density of the points is maintained and as such the
slope is always well defined. However, where there is relatively little
change in elevation the density of the points is reduced because of the fact
that far fewer points are required to accurately define the surface.

e Non-ground key points are thinned in such a way that the density of point
clusters, such as those that define a tree, will be reduced in a manner that
still accurately defines the random shape. Points that define elements with
a more linear (and less random) shape, such as a power line, will not be as
extensively reduced however, so as to maintain the accuracy in the changes
of elevation and position relative to the ground surface.

3.1.3. Results

The topographical survey was undertaken in Uganda to produce rectified colour
images and a digital terrain model (DTM) of the project area. The survey was
carried out using an aircraft mounted LiDAR system that scanned the ground
below with a 70 kHz LiDAR resulting in a dense DTM of the ground surface and
objects above the ground as shown on the following figure.

Digital colour images were also taken from the aircraft and rectified to produce
colour orthophotos of the project area. The survey was flown at a height of
approximately 800m and an image pixel size of 10cm has been produced.
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Figure 6: LIiDAR process
Z

GPS

The project extent was defined on the basis of existing map as well as inception
field mission. The shaded relief map for the project area is represented as follows.

Figure 7: Bigasha site shaded relief map in Uganda
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Topographical maps based on the LiDAR data have been produced for the dam site
as produced in the Appendix for the same scale.

The data could lead different type of topographical maps such as the following
figure about Bigasha dam site. It has been used all along this report.

Figure 8: Topographical map of Bigasha dam site in Uganda
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3.2. Methodology for the geophysical and
geotechnical investigations

3.2.1. Introduction

Geophysical and geotechnical investigations have been performed geo-referencing
the essential soil and rock features so as to establish the engineering properties of
rocks and soils and to check surfacial deposits and reveal tectonic-structural
patterns.

Geophysical investigations have checked the suitability of the selected site for the
construction of the dam and appurtenant structures. The geotechnical investigation
campaign gave a factual picture of each site and of their characteristics so that the
setting out of the workings can be adapted.
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3.2.2. Geophysical methodology

The geophysical investigations took place from the 21 to the 31 of January 2012.
The methodology was as follows: Electrical resistivity techniques are based on the
response of the earth to the flow of electrical current. Measurements are made by
placing four electrodes in contact with the soil or rock. A current is caused to flow
in the earth between one pair of electrodes while the voltage across the other pair
of electrodes is measured. The depth of measurements is related to the electrode
spacing. Several types of electrode configuration and survey geometry exist in
resistivity measurements.

Figure 9: Measurements at site

A 2D resistivity profiling consists in a succession of vertical electrical sounding,
but interpreted by inversion, with a calculation of the lateral and the topographical
effects. In this case, the distance between two electrodes is 5 m on the dam site.
The number of electrodes varies from 24 to 48. The investigation depth is about 25
meters.

In these geological contexts, refraction seismic is not adapted. The fresh rock,
which is outcropping, presents a very fast velocity. If weathered rocks underlay, it
is invisible. On the other hand, the resistivity method is able to visualise this
possible geology. More, it is able to locate faults which are difficult to determine
with the seismic refraction method.

3.2.3. Geotechnical methodology

In addition to the geophysical investigations presented above, the Consultant
performed geotechnical investigations in the form of 10 test-pits dug to 5m depth
in naturally consolidated soils in order to sample the composition and structure of
the subsurface. The test-pits aim at complementing the geophysical investigations
and at checking the potential permeability of the reservoir so that the geological
hazards are mitigated.
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The location of the test-pits were properly selected with the Geophysical Engineer
and the Civil Infrastructure Engineer and recorded by GPS. The procedures and
methods used in the profiling of the test pits adhere to internationally accepted

codes.

Test pitting was undertaken manually to the maximum depth (about 5m) or refusal,

whichever occurs first.

After excavation all test pits were photographed and profiled by a qualified
engineering geologist. Soil samples were taken where required, following which

test pits were backfilled:

» Soil Classification (5 samples per test pit):
Specific gravity

Sieve analysis

Water absorption

Silt content

Moisture content

Atterberg Limits

» Strength and Deformation Test (2 per pits):

e Direct Shear Test
Compaction MDD
California Bearing Ratio — 3 ptd 97% MDD
Consolidation Test - (Edometer
Permeability Test — constant Head

Figure 10: Light Dynamic Cone Penetrometer tests used in Uganda

and took samples for laboratory testing to assess their engineering properties. The
aggregate tests (2 per quarry) will consist on:

Uganda_P003214RP30_KAGERA _FeasibilityStudyreport_Final2.docx Ed.14/12/2012

Los Angles Abrasion

Aggregate Crushing Test

Sodium Sulphate

Specific gravity + Water Absorption
Soluble salts

Aggregate Impact Value

Alkali reaction.
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3.3.1. Context

The availability of hydrological records has conditioned the way of executing the
studies: if no direct data is available, the determination of the classic parameters
has been carried out by correlation to neighbouring known catchments or through
internationally accepted methods.

The results included in this report are the main results for each site in order to
understand the findings of the entire report. The hydrological report is annexed in
the Appendix H.

3.3.2.  Monthly discharge computation

For Bigasha dam site, no gauging station was identified in the vicinity of the site,
including outside of the Kagera River basin. Because of the lack of direct discharge
data, the Consultant computed the monthly discharges at Bigasha in the following
manner:

e In a first step, the average monthly discharge at Bigasha has been
computed. For this, the Consultant made use of the observed rainfall
distribution, and of the catchment loss amounting to 81.9% of the yearly
precipitation.

e In a second step, the Consultant assessed the long-term discharge
variability of inflows at Bigasha dam site by applying the variability at
Rusumo Falls. The monthly discharge record has been obtained over the
period 1940-2009 as follow:

Q,, Bigasha

Bi =12 X Rati Bi X o
Umy Bigasha atio of monthly runof f, Bigasha Qy» Rusumo Falls

X Qyyy Rusumo Falls
where for each month m of the year y, Q,,my (Rusumo Falls) is the mean
yearly discharge of year y at Rusumo Falls.

Results are discussed in the section dedicated to the inflows analysis.

3.3.3. Methodology for the sediment measurements

For the sedimentation issues, guidelines from World Meteorological Organization
and Dr. Mkhandi S.H. report from Department of Water Resources Engineering
recommended that the sampling points for suspended sediment have to be located
at the hydrometric stations. Indeed, sediment measurements have to be coupled to
discharge measurements to compute relationships between liquid and solid
discharge measurements. Unfortunately, the catchment of Taba-Gakomeye dam
site is ungauged and the gauging station of Buyongwe dam site catchment is not
gauged any more. A sedimentological measurement campaign will not be relevant
without gauging.

Thus, in order to assess the sedimentation rate, the Consultant has used existing
sedimentation data within the catchment area.
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As mentioned in the hydrological study (see Appendix H), Taba-Gakomeye and
Buyongwe dam sites are located in the upstream half part of the basin (zone | and
I) as well as Upper Ruvubu, Ruvyironza, Kanyaru and Nyabarongo reservoir
projects. Sediment data from Nyabarongo and Ruvubu Rivers have been
considered representative of the sedimentation rate of Taba-Gakomeye and
Buyongwe dam sites.

3.3.4. Methodology for the optimization of the reservoir capacity

3.3.4.1.  OBJECTIVE OF THE OPTIMIZATION

Dams mainly serve to ensure an adequate supply of water by storing water in times
of surplus and releasing it in times of scarcity, thus also preventing or mitigating
floods. Dams that have small storage capacity in relation to the gross Mean Annual
Runoff (MAR) are known as “annual dams”. They are likely to fill from empty
every year except the very worst seasons or even single floods.

The methodology adopted is a Sequential Stream flow Routing (SSR) and
according to this method a continuity equation of the water volumes is applied to
calculate reservoir levels and therefore reservoir volumes, evaporation and
outflows from spillway and outlet structure.

The erratic inflow of the river passes through the storage reservoir will be delayed
and attenuated as it enters and spreads over the reservoir surface. Water is then
released through a controlled outlet.

The optimization consists of determining the minimum reservoir capacity which
allows an average constant water release with an acceptable deficiency.

3.3.4.2. METHODOLOGY

The aim of the reservoir operation simulation is to determine the total reservoir
capacity which will meet the downstream demand. The methodology used to
perform the reservoir operation studies was as follows:

e A series of monthly water inflows at each dam site, over a number of years
sufficient to be representative of the long-term flow pattern was
established:;

e The downstream water demand with the aim of allocated all inflows
available was established;

e The balance between the water flowing into the reservoirs and the water
flowing out of the reservoirs (water demand, spillage, and evaporation)
was determined on a monthly time-step basis. The results of the balance
are the volume and the levels of the reservoir at the end of each month, and
the water provided to meet the demand.

e The simulations were performed assuming that the reservoirs capacity is
constant throughout the whole period of simulation (38 years). Allocation
for sediment storage has been taken into account by setting the outlet
structure threshold above the dead storage level.
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e A criterion defining the ability of the reservoirs to meet the water demand
has been established. This criterion quantifies the frequency and the
volume of shortfalls that might occur and answers the gquestion regarding
the risk of not meeting the demand. The definition of water demand
shortfall (deficiency) is the number of month when the water demand is not
satisfied divided by the total number of month of the simulation.

Several reservoir capacities were tested for which the deficiency has been
evaluated. For each of those reservoir capacities, the discharge guaranteed 10% of
the time has been computed.

3.4.1. Methodology for the water demand

The chapter about water uses and water demand aims to describe at first the
existing water uses in the Project area (irrigation, water supply, livestock watering,
aquaculture, hydropower), then to assess the potential demand and finally check
the technical and economic constraints of the associated installations and finally
state about a feasibility development level for each potential water use.

3.4.1.1.  IRRIGATION WATER DEMAND METHODOLOGY

Irrigation water requirement:

Irrigation water requirement (IWR) depends on several factors, including cropping
patterns, crop-growth periods, crop coefficients (Kc), potential evapotranspiration
(ETo), effective rainfall and deep percolation for rice paddies.

Irrigation water requirement is calculated by multiplying crop area and crop water
requirement (CWR) of respective crop. Crop water requirement is usually
measured in terms of evapotranspiration and depends on climatic conditions and
constraints in each area. The irrigation water requirement for each crop is estimated
as follows:

IWR = XCrop Area x[CWR — Effective rainfall]

CWR of the paddy crop is estimated as:
CWRrice=[X(KcricexETo+ Deep percolation]

Crop water requirement (CWR) for other crops is estimated as:
CWRother crops=2(Kcother crops xETo

Water demand forecasting for irrigation:

Agricultural water demands are primarily a function of the following:

Meteorological conditions;

Crop type;

Cropped area for each type of crop;

Type of irrigation method and irrigation efficiencies;
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e Water charges (to be discussed with the local Authorities).

In estimating future agricultural demands the changes in one or more of the above
factors must be predicted. Owing to the potential for changes in the future and the
relatively few variables, component analysis is the forecasting methodology likely
to yield the best results.

Component analysis is a forecasting method based upon the usage of water by
individual components. The expected trends in water demand of each component
(e.g. changes in irrigation technology, climatic changes, crop type and irrigation
area) should be analysed separately and the overall result assessed.

Meteorological conditions are yet changing due to the effects of global warming.
For agriculture, the basic factors are rainfall and evaporation rate. As rainfall
decreases and/or evaporation rates increase, the irrigation needs increase or vice
versa.

Changes in crop type may also have a significant impact on water demands, which
may or may not be positive. High value crops such as bananas and garden
vegetables generally have higher water requirements than, for example, grain
crops.

Changes in cropped area may either be a difference in total surface, if new land is
developed or cultivated land becomes fallow, or be the result of variations of crop
type, if the surface of one crop type is changed to accommodate changes in another

type.

Losses and inefficiencies usually account for a significant proportion of total
irrigation requirements both for lack of proper drainage and for improper
technologies. Their impact may be alleviated through various improvement
programmes and the specialist will have to determine the chances and extent of
these.

Creating water user associations can also affect water demand and use. The main
purpose behind water user associations is to assure better access to water and
unbiased equity in distribution. Hence, while water user associations are beneficial
in many ways, their establishment may increase water demands. Water charges
have a significant impact on water demands because of the incentive to reduce
waste in water application, though consideration must be given to willingness to
pay and ability to pay on the part of the water users (but this would not be
applicable to the conditions prevailing in the four sites concerned).

Changes in irrigation technology may also affect the water demand. Modern
technologies that deliver water to the plant more efficiently reduce overall demand
by diminishing field losses and non-beneficial evapotranspiration.

Improvements of water management and irrigation system operation at field level
also reduce irrigation water use by improved efficiency and reduced losses.

Other means of limiting agricultural water uses is practising new techniques such
as precision irrigation and deficit irrigation, though the aptitude of farmers to adopt
such techniques must be assessed and assistance extension services supplied if too
low.
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3.4.1.2.  WATER SUPPLY DEMAND METHODOLOGY

Water supply requirement:

In general estimating rural water demand and use is difficult because the majority
of rural domestic water supply systems are manpowered or unmetered, data
concerning domestic rural water demand and use is often expensive and time
consuming to collect and the level of service provided by the water supply system
is often unknown.

There are two key methods of assessing rural domestic demand and use. These are:

e Indirect methods, where the quantity of water consumed is calculated from
population levels and estimated demand levels in terms of per capita
consumption;

e Direct methods where socio-economic surveys and participatory
techniques involving the relevant stakeholders are used to estimate the
current and future water demand and use.

The Consultant has followed indirect approach which is considered as the most
practical method. For such approach, the following information is required:

e Population data;

e Per capita water demand,;

e Unaccounted for water levels i.e. the difference between the total quantity
of water abstracted and the quantity of water consumed.

Uganda and Rwanda’s national water sector policies have a target per capita water
demand of 20 litres/person/day for rural water supply.

Forecasting water supply demand:

Historical information for domestic water demand and use in rural zones is unlikely
to be available. This means that it is impossible to directly assess the future rural
domestic water demand and use through trend analyses. The two most important
factors that affect future domestic water demand and use are:

e Population growth (the annual ratio of the area is very high);
e Change in the level of service due to an upgrading trend in the water
supply needs.

Population growth can be estimated from national, regional or local trends. It
should however be noted that improvements in infrastructure, such as multipurpose
water schemes, may step up the population growth above the average.

Upgrading of water supply schemes and the consequential changes in the level of
service are difficult to predict. It has been postulated that the upgrading of rural
water supply schemes is related to Tariff levels where distribution metered network
can be planned (in suburban zones).

For sake of simplicity and accounting for the inaccuracy of statistical data, the
Consultant will make assumptions concerning the upgrading (e.g. from a reservoir
connection to a communal borehole to house connection).

The increase in water demand may also be estimated from other areas where
similar upgrading of the water and sanitation infrastructure has occurred.
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Tanzanian Water Design Manual provides following data per capita demand based
on levels of service. The following table has been finally adopted for this

assignment.
Table 3: Water supply data per capita demand
Water Supply Urban | Peri- Rural
urban
Communal Water Points / others | 30% 60% 80%
Yard Taps 20% 20% 20%
Multiple Taps House Connection| 50% 20% 0%

This document provides as well the levels of services, based on affordability,
meaning income levels. The following table provide the level of services per capita

demand.
Table 4: Level of services per capita
Levels of Services Litres / person / day
Communal Water Points / others 25
Yard Taps 70
Multiple Taps House Connection 150 for high income
100 for middle income as a mean — 120 Ipd

On these data, it is normal practice to add 30% to the domestic water demand for
non-domestic demand.

This Manual in Section 4.7 reports as well system losses that have to be
accommodated for in the production end. It states that the 25% is grossly
underestimated. For piped system therefore, a 30% is added to total water demand
for losses.

Table 4.21 of the Manual gives peak day factor for various users varying between
1.00 and 1.50 and the weighted one normally used is 1.15, as the climate variance
is not significant in the tropical climate.

3.4.1.3. WATER DEMAND FOR LIVESTOCK

Water requirement for livestock:

The livestock water requirement is estimated by multiplying the number of
livestock animals times the water use per head of livestock (Litre/day per animal).

Water demand forecasting for livestock:

The forecasting of the future water demand for livestock will be primarily based on
the assumption that the water use per head is kept constant (according to the breed
and purpose of the stock) and the livestock number is projected on the base of the
growth trend in past years.

Section 4.6.4 of Tanzanian Water Supply Design Manual is dedicated for livestock
water demand assessment. The livestock unit is defined as follows:

One Livestock Unit (LSU) is equivalent to:
one head of cattle

2 donkeys

5 goats or sheep

30 heads of poultry (hens, ducks etc)
0.5 or 0.33 high grade dairy cow
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Livestock growth depends on land carrying capacity and water availability. If both
conditions suffice then 10 years growth can be up to 25% and 20 years growth up
to 50% at an annual rate of 2,6% for cattle and 2% for goats / sheep.

The Manual recommends 25 litres/LSU/day and segregated as follows:

o Dairy Cow: 50 -90 litres/day (50 adopted)
e Local Cattle: 25 litres/day

e Sheepandgoat: 5 litres/day

e Donkey: 12,5 litres/day

e Pig: 10 litres/day

e Poultry: 30 litres/100 birds/day

This methodology has been used for this report.

3.4.1.4. WATER DEMAND FOR FISH FARMING

The section will deal with fish production using ponds (closed system) and neither
cage nor continuous (open system) flow. In addition, the ponds that will be
proposed will not be mechanized for aeration or pelleted feeds.

According to the “Inland fisheries and aquaculture” report (Patrick Dugan et al.,
2007), mechanically aerated and pelleted feeds can produce fish up to 10000
kg/Ha. The cage production can produce up to 100 kg/m3. On the other hand
normal pond fish production is as follows:

e regularly stocked and fertilized Tilapia: 1 000 to 2 000 kg/Ha of pond/year

e as above but with brewery waste, oil seed cakes, brans and manure: 3000
to 5000 kg/Halyear

e unfertilized ponds: 320 kg/Ha/year

In the “Guiding principles for promoting aquaculture in Africa” (FAO and
Worldfish Paper No 28, 2006), full fish ponds design procedure has been provided.
The tank size is normally L:W:D = 30:3:1 in order to maximize the flushing. Fish
farming water demand is not significant after catering for evaporation and
percolation into soils and will mainly depend on space available for ponds
installation. Alternatively, the ponds size should be dependent on the demand for
fish in the locality and the existing marketing system.

In the “Strategic assessment of warm water fish farming potential in Africa” (FAO
by Kapetsky, Technical Paper 27), the relationship between population density and
the occurrence of fish farming is studied: based on assumptions about farm-gate
sales, population density is interpreted as local market potential.

Fish farms do occur at densities of <5 persons/km? and a limited amount of data
from Zambia and Tanzania indicates that even at these densities, there are
commercial activities.

There is a tendency for the density of fish ponds per district to increase with
increasing population density. However, because the population data are in rather
broad ranges, attempting to develop a regression relationship was not possible. To
examine the effect of local demand on fish farming potential, the following
assumptions were made to estimate the number of subsistence and commercial
farms that could be supported by farm-gate sales at given population densities.

The assumptions were:
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e Pond area of 0,04 ha sizes and an output of 2 t/ha/year for a subsistence
farm; respective area and output for a modest commercial farm at 0.4 ha
pond sizes and 3 t/ha/year;

¢ Farm-gate sales confined to an easy walking distance: a 2 km radius of the
farm for a subsistence farm; a 4 km radius for a commercial farm due to an
implicit proximity to an all-weather road, making a commercial farm more
easily accessible for walk in and drive in customers than for a subsistence
farm.

e A potential market of 1 kg of fish/person/year for a population within a 2
km radius for a subsistence farm and the same for a population within a 4
km radius for a commercial farm. One kg of fish/per caput is about 10% of
all Africa mean fish consumption per caput.

e 50% of the output sold at the farm-gate for a subsistence farm and 25% of
the output for a commercial farm.

The consultant has used the population density to establish demand for fish and by
extension demand for fish ponds.

3.4.1.5. HYDROPOWER DEVELOPMENT

Simulation has been carried out for power generation. The methodology is the
same as described in chapter 3.3.4 about optimization of the reservoir capacity,
except that the water demand is now defined by the requirement of energy
production.

Initially, the firm energy at each dam is determined, that is to say energy
production that can be provided by the reservoir at a given failure rate (failure
admitted here: 10% of the maximum time). This production is the average energy
response, assumed constant throughout the year.

In the simulations, the firm energy is determined by iteration according to a
monthly time step, changing the value of the demand to obtain the rate of deficit
(or failure) desired.

The calculation allows for variations in the height of the reservoir between the Full
Supply Level (FSL), above which the excess water spilled, and the Minimum
Operating Level (MOL) below which energy can be produced (deficit).

In a second step, the secondary energy produced is computed. Secondary energy is
the energy obtained by turbine of excess water, once the energy product is
guaranteed and the reservoir is full.

The total energy is then defined as the sum of firm energy and secondary energy.

Every month, the energy produced is determined by the following formulae:

E =P X Nb x 24
P=QxgxAHXp

Where:

P: Power in kW

E: Energy in kWh

Nb: Number of days in the month
0: 9,81 m/s2

AH net head

P Turbine efficiency
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It is to be noted that in this simulation, the power demand is constant and the water
demand varies accordingly depending on the available net head (reservoir water
level). The head losses has been assumed to be 10% of the total head and the
turbine efficiency equal to 0,8.

3.4.1.6.  ENVIRONMENTAL FLOW REQUIREMENT

The Hydrological Index Method is one of the various approaches used to estimate
environmental flow requirements. This method is based on simple indices, as a
percentage of average annual flow or a percentile from the flow duration curve, on
monthly basis. The indices used for environmental flow assessment in various
countries of the world are provided below:

» France: A hydrological index is used in France, where the freshwater fishing
law (June, 1984) required that residual flows in by-passed sections of river must be
a minimum of 1/40 of the mean annual flow (MAF) for existing schemes and 1/10
of the MAF for new schemes (Souchon and Keith, 2001).

» United Kingdom: In regulating abstractions in UK, an index of natural low flow
has been employed to define environmental flow. Q95 (i.e. that flow exceeded 95%
of the time) is often used. The figure of Q95 was chosen purely on hydrological
patterns. However, the implementation of this approach often includes ecological
information (Barker and Kirmond, 1998)

» USA (Tennant method): Tennant (1976) developed a method using calibration
data from hundreds of sites on rivers in the mid-western states of the USA to
specify minimum flows to protect healthy river environment. Using USGS data,
this method is based on aquatic habitat being very similar when they are carrying
the same proportion of the average flows. Ten percent of the average flow is a
minimum instantaneous flow recommended to sustain short-term survival habitat
for most aquatic life forms (Poor or minimum habitat). Thirty percent is
recommended as a base flow to sustain good survival conditions for most aquatic
life forms and general recreation (fair and degrading habitat). Sixty percent
provides excellent to outstanding habitat for most aquatic life forms during their
primary periods of growth and for the majority of recreational uses. In a large river,
it can be useful in developing a quick response, such as for evaluating water right
application potential impacts.

Taking into account that the four Kagera dam sites are characterized with poor or
minimum habitats, an environmental flow of 10% of the MAF have been retained
for a permanent River. Furthermore, such a criterion is also applied in France for
new schemes.

For a temporary River, it is recommended to take into account ecological
information.
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3.4.2. Methodology for the evaluation of each potential water use
3.4.2.1. CONTEXT
SWECO has carried out the “Development of Kagera Integrated River Basin
Management and Development Strategy” study for NELSAP in 2010. In the table
1.5 of the main report, a water use prioritization exercise has been carried for each
district or province and has been expressed in the following summary table. This
table shows that the water supply is always the main prioritization.
Figure 11: Water use prioritization
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b | Muramvya H H 1 X L M 4 | Gikumbi H H L X L L
5 | Bujumbra R H H X 13X X[ L 5 | Nyubihu H H M| X [M] L
6 | Mwaro H H 1. X I M 6 | Ngororero H H L L L L
7 | Buturi H H X X X L 7 | Rutsiro H H X X X L
8 | Rutana H H X X X M 8 | Karologi H H L L L L
9 | Gitega H H H L[ H]| M 9 | Nyamagabwe | H H L | X [ L ]| M
10 | Ruvigi H H L I I M 10 | Nvaroguru H H H X H M
11 | Karuzi H H M L]IM]H 11 | Gisigara H H H L [H| H
12 | Cankuzo H M L )3 L M 12 | Huye H H L X I H
13 | Muyinga H M M L M H 13 | Nyanza H H H L H H
Tanzania 14 | Ruhango H H H L H H
I | Neara H M L L L H 15 | Muhanga H H H M H M
2 | Biharamulo H M L L L H 16 | Kamonyi H H H L H H
3 | Karagwe H M H H H H 17 | Nyarugenge H H H L H H
4 | Mulcba H L L |H]L]H 18 | Kicukiro H H H L [H]| H
S | Bukoba H L H | H]H| M 19 | Gasabo H H M | X | M| H
Uganda 20 | Bugesera H H H H H H
I | Rakai H M L X I H 21 | Rwamagana H H H H H H
2 | Isingiro H H M L | M H 22 | Ngoma H H H H | H H
3 | Mbarara H H L X |TE H 23 | Kirche H L H H | H H
4 Nlung;lmn H H M > 4 M H 24 | Kayonza H L M H M H
5 | Kabale H H L X L M 25 | Gatsibo H L M H M H
6 | Kisoro H H X X X H 26 | Nyagatare H L M H M I
H= ligh M=medium L =low X = inyignificant H= high M =medium L =low X = insignificant

Source: “Development of Kagera Integrated River Basin Management and Development Strategy” by SWECO in 2010

3.4.2.2.

ANALYSIS

This above study and the socio-economic survey reported in appendix K lead to
prioritize the water demand. However it should be taken as well into consideration
the technical feasibility of each use as well as the economic analysis.
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3.5.1.  Position within the Study and goals

The environmental and socio-economic analysis has been carried out since the
beginning and concurrently with the engineering studies. Consequently, the former
will orientate the latter in order to develop the most needed water uses according to
requirements and capacities of the riparian population, to minimize and mitigate
the impacts of the dam and reservoir construction on physical, biological and
human environment and to reduce such impacts.

Planned at the early stage of the project development, the IESE may also orientate
and bring inputs (and reciprocally) to the regulatory ESIA studies (carried out
independently by another consultant), if the time schedules of both allow for.

Regarding environmental issues, the present study is to be considered as
preliminary since environmental feasibility, identify environmental challenges,
main impacts and mitigation actions will be actually addressed by the ESIA
consultant.

The overall output is the Initial Environmental and Social Examination Report
concluding on the “environmental feasibility” of each of the four schemes.
Conclusions have been based on the impact assessment for each project and the
justification of fatal flaws or critical impacts, if any, for the concerned project(s).

3.5.2.  Regulatory context of projects financed by the World Bank

3.5.2.1.  LARGE DAM DEFINITION CONTEXT

The World Bank distinguishes between small and large dams in the Operational
Policy 4.37 as follows.

(a) Small dams are normally less than 15 meters in height. This category includes,
for example, farm ponds, local silt retention dams, and low embankment tanks.

(b) Large dams are 15 meters or more in height. Dams that are between 10 and 15
meters in height are treated as large dams if they present special design
complexities--for example, an unusually large flood-handling requirement, location
in a zone of high seismicity, foundations that are complex and difficult to prepare,
or retention of toxic materials. Dams under 10 meters in height are treated as large
dams if they are expected to become large dams during the operation of the facility.

This definition of "large dams" is based on the criteria used to compile the list of
large dams in the World Register of Dams, published by the International
Commission on Large Dams (ICOLD).
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3.5.2.2. WORLD BANK OPERATIONAL POLICIES

The World Bank group has served as a forerunner by defining Operational Policies
(OP) that serve as guides as part of the assessments of the projects submitted to this
body for financing. The Bank classifies each proposed project to determine the
appropriate extent and type of Environmental Assessment. The World Bank
classifies the proposed project into one of four categories, depending on the type,
location, sensitivity, and scale of the project and the nature and magnitude of its
potential environmental impacts.

The main directives and policies that apply here are the following:

OP 4.01: “Environmental assessment”’;

OP 4.04: “Natural habitats”;

OP 4.11: “Physical cultural resources”

OP 4.12: “Involuntary resettlement”: For Kagera Project, it is worth to

mention that:

o “Involuntary resettlement should be avoided where feasible, or
minimized, exploring all viable alternative project designs”;

o “Where impacts on the entire displaced population are minor, or
fewer than 200 people are displaced, an abbreviated resettlement
plan may be agreed with the borrower”.

e OP 4.37: In this OP, the World Bank considers that “generic dam safety
measures designed by qualified engineers are usually adequate” for small
dams.

e OP 7.50: “Projects on international waterways”.

3.5.3. Regulatory context within the NBI

The NBI has taken steps to put in place systems and mechanisms to ensure
environmental and social safeguards in all its interventions at the following three
key levels:

e Basin-wide level,
e Sub-basin (SAP) levels,
e Project level.

The NBI has issued an Environmental Assessment Framework for Regional Power
Projects and a Preliminary Environmental and Social Management Framework for
Project Preparation and Implementation.

It should be noticed that, as a rule, any project funded through development partner
funding will be subject to internationally accepted environment screening,
following Wold Bank guidelines and / or development partner requirements.

It is specified that some environment and socio-economic key issues should be
taken into consideration for mitigation measures during the ESIA.
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4.2.1.

4.2.2.

TECHNICAL STUDIES

This report will take into consideration the findings of the interim reports, which has
changed the design of the project. Thus, this chapter will present first the main
findings of all investigations and surveys for the site, meaning:

- Aerial survey;

Geophysical and geotechnical investigations;
Hydrological analysis;

Water uses and water demand.

The preliminary design and costing could then be presented taking into account the
previous results and the decision of the country following these findings.

Based on these design results, the initial environmental and social examination will
then give the first results mainly based on the aerial survey.

Context

The topographical survey was undertaken on the 2™ March 2012 to produce rectified
colour images and a digital terrain model (DTM) of the project area.

The survey was carried out using an aircraft mounted LiDAR system that scanned
the ground below with a 70 kHz LiDAR resulting in a dense DTM of the ground
surface and objects above the ground.

Digital colour images were also taken from the aircraft and rectified to produce
colour orthophotos of the project area.

The survey was flown at a height of approximately 800m and an image pixel size of
10cm has been produced

Results

Two beacons were placed, constructed and painted for the site. The points are
SMCA120203 and SMCA120204. The values of these surveyed points are as
follows:

Coordinate system: ITRFO8 Geographic

Name Longitude Latitude Ellipsoidal Height | Orthometric Height
(m) (m)

SMCA120203 -05842.8122 | 305032.0238 1270.82 1283.24

SMCA120204 | -05642.0836 | 305356.2629 1245.68 1258.27
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4.2.3.

Feasibility studies for 4 small multipurpose dams in the Kagera River Basin

Coordinate system: ITRFO8 UTM36 South

Consultancy

Name Easting Northing Ellipsoidal Height | Orthometric Height
(m) (m)

SMCA120203 259 871.76 9891762.48 1270.82 1283.24

SMCA120204 266 185.92 9895475.71 1245.68 1258.27

The map 07 in the Appendix E has been defined based on the aerial survey. The
reservoir has been drawn at FWL for a 12m dam.

Main characteristics for Bigasha reservoir

Based on these above results, the characteristics of the reservoir dam have been
defined using the new topographical data issued by LiDAR survey as summarized in
the following table and have been compared to the ToRs data.

The reservoir has been drawn according to the dam height in the Appendix E.

Table 5: Bigasha dam characteristics

BIGASHA ToR | Final dam design

Dam height (m) 95 12,00
Storage capacity at FWL (Mm°) 1897 6,41
Dam crest Length (m) 470 610,16
Reservoir Width maximum(Km) 1,14 at MWL
Reservoir Length maximum (Km) 2,80 2,37 at MWL
Full Supply Level (m) +10 (1266m asl)
Maximum Water Level (m) +11,25 (1267,25m)
Reservoir surface area at FWL (km?) 1,45
Reservoir surface area at MWL (km? 1,64
Contributing catchment area (km?) 101
Catchment sediment yield (Tons/kmz/yr) 1608 637

Following the site missions and the LiDAR survey, the feasibility of Bigasha dam at
the proposed axis seemed to be questionable:

No flowing water has been seen by the local people during the rainy season

at the dam axis site;

During the geotechnical investigations within the rainy season, no water has

been found;

On the aerial survey area, no water has been found at the vicinity of the dam

axis.

The object of this chapter is a geological analysis of the findings in order to explain
the absence of Ri