KARUMA HPP(600MW)

CHAPTER-1
INTRODUCTION

1.1 BACKGROUND

Uganda is a landlocked country in East Africa, leoed on the east by Kenya, on the north by
Sudan, on the west by the Democratic Republic ®@bngo, on the southwest by Rwanda, and on
the south by Tanzania. Uganda has a total landwiag41,000 sg. km, 18 percent of which is
covered by freshwater bodies. Lying astride theatmy Uganda offers exceptional diversity,
combining some of the best features of Africa,udahg the source of the River Nile(the second
longest river in the World) and Lake Victoria(trecend largest fresh water lake in the World). The
country’s geographical diversity is great. In thasg it overlaps the tropical Savannah and in the
West, African rain-forest zones lies. Moreover, réhe@re many existing contrasting physical
features, ranging from extensive plains with untgghills to snow-capped mountains, waterfalls,

meandering rivers and spectacular flora and fauna.

The country is endowed with abundant renewableggnesources. These include plentiful biomass
supplies, extensive hydrological resources, faverawlar conditions and large quantities of

biomass residues from agricultural production, agnotmers.

With about 43,942 kfof wetlands and open water (18% of total areapridg is considered fairly
well endowed with water resources. Major water bsdinclude lakes Victoria, Kyoga, Albert,
George and Edward while major rivers include théeNRuizi, Katonga, Kafu, Mpologoma and
Aswa. Almost the whole of Uganda lies within thdeNbasin, which is shared by 10 countries.
Favorable atmospheric conditions and mighty riveoviges abundant hydropower potential
estimated at about 2,000 MW mainly along River Niiat can be developed to supply isolated
areas or feed into the national grid. Although, kit has plentiful hydropower, solar and biomass
resource potential; however it has one of the wedlolwest levels of electricity development. At
present just 3-5 percent of the population havessto electricity and many towns, especially in
the North of the country are without electrical movand in the rural areas only about 2 percent had
access to electricity, of which less than half wesvided through the national grid, the remainder
coming from household generators, car batteriesolar photovoltaic (PV) units. Whereas with the
developments in the oil sector, future additioralvpr supply is likely to be provided from thermal
powered plants using heavy oils. But in terms aft @fectiveness and environmental friendliness,
Hydropower plant remains the better alternative.eréfore, carefully planned hydropower

development can make a vast contribution for imiprgViving standard in the country by not only

INTRODUCTION 1-1




.
e

KARUMA HPP(600MW) EIPL

contributing to the Treasury resources and foragohange earnings (power exports), but also

promises to be a large source of employment fomdgas and infrastructure development.

1.2 THE POWER SCENARIO

The Energy Sector is one of the key sectors irlJp@ndan economy. The present peak demand of
Uganda is about 400 MW which has been growing aararnual rate of 8%.Therefore to meet this
growth in demand, about 20 MW of new generatingacép needs to be added each year. The year
wise peak power demand forecast in MW up to the 626 done by Ministry of Energy and
Mineral Development (MEMD) of Gowt. is indicatedfigure 1.1
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Figure 1.1: Uganda Power Demand forecast 2009-2026

According to the National Development Plan (NDP1@Q1-2014), the energy sector is one of the
complementary sectors. The NDP highlights the &ohiaccess and use of energy as a factor that
significantly slows down economic and social transfation. The low energy consumption per
capita in Uganda is identified as a major contiiiufactor to the slow economic transformation by
limiting industrialization as well as value additioThe energy exploitation and consumption
patterns indicate that Uganda is still in infantages of energy application in production processes
The current exploitation pattern of energy in Ugaigd Biomass - 92%, Fossil Fuels - 7%,
Electricity - 1%.

Most of the residential/domestic energy consumpisobiomass used in form of wood as charcoal
and firewood, a situation that is not sustainalsléh#s form of energy is non renewable, costly and
has significant negative impacts on the environm&hé NDP identifies low level of access, high

tariff and low generation as the main reasons vleye is a lot of reliance on biomass energy. This
pattern also explains the low levels of industz@tiion and commercial production in the country.

For Industrial and commercial production, the msonrce of energy is electricity and not biomass.
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Uganda has one of the lowest per capita electragtysumption, the 2008 statistics show that the
electricity consumption pattern was 57.5% in indaktand 29.3% in residential whereas
commercial usage are limited to 13.2Btgure 1.2).
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Figure 1.2: Sector wise electricity consumption in Uganda @08ource: National Development
Plan (2010/11-2014/15)

The current installed generating capacity of thantty is 575.5 MW(Table 1.1) of which at
present about 380MW of the annual demand is metdoypus hydropower plants including the
Kira and Nalubale. Small hydro contributes only5SAW while thermal power plants have 150
MW capacity generations. A hydropower plant of 239Ns under development at Bujagali.

Table 1.1:Present Installed capacity of power generationgandla

S. No. Type of Plant Installed Capacity (MW)
1 Large Hydr¢ 38C
2 Thermal Diese 15C
3 Small hydr¢ 28.t
4 Cogeneratio 17
Total 575.5

From above it is clear that the current levels letticity supply cannot support heavy industries
like steel mills, textile mills and aluminium praseng plants of the country. Power therefore is an
indispensable parameter in attracting and sustiimimestment in heavy industrial development.
Therefore to create a favorable environment foedtment in such industries, there is need for a

policy shift/reform to ensure that there is suffid electricity generation capacity.

The NDP clearly identifies limited generation capaand corresponding limited transmission and
distribution network as among other key constraiatthe performance of the energy sector in the
country. In this regard, the NDP further sets ouréasing power generation capacity as the first
objective to address this problem and constructénlarger hydropower plants as the first

intervention strategy.
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1.3 CONSIDERING ALTERNATIVE POWER GENERATION TECHNO LOGIES
Given the large, and growing, gap between elettraipply and demand in Uganda, a humber of
electricity generation alternatives studies oveiots planning horizons has been completed and
options examined and prioritised for the countrydemthe Hydropower Master Plan. The
generation alternatives explored under Rural Hfextion programme for the next 20 years in
Uganda include:

* Wind-generated electricity;

» Geothermal electricity;

* Solar-generated electricity;

» Small scale hydroelectric development;

» Co-generation facilities;

* Biomass-generated electricity;

» Thermal power plants;

« Large scale hydroelectric development.
Developing these alternatives will have a long tesignificant effect on the economy and the
people of Uganda. However, general conclusions friiv@ evaluation of these generation
alternatives indicates that large scale hydroatedi&velopment remains the most economical way
forward for the country in the short-medium terndae River Victoria Nile is the primary
hydrological resource available in Uganda to mietgrowing electricity demand in the country by

way of hydroelectric development.

1.4 POTENTIAL HYDROPOWER DEVELOPMENT SITES ON RVER NILE

About seven potential hydropower sites along thetdria Nile have been examined in some detail
by a number of studies; the most recent being dowler the Hydropower Master Plan is by Japan
International Cooperation Agency (JICA). According the Plan, the discharge and cost
requirements of developing these sites are givdreksv inTable 1.2 (Figure 1.3).

Table 1.2: Comparison of the seven sites under ti\daster Plan

Site Type of Scheme Maximum Discharge for the Cost (000, USD)
Output (MW) Output (m%/s)

Kalagala Dam 330 1375 656,203
Isimba Dam 138 1375 617,940
Karuma Run of the River 600 840 1,976,565
Oriang Run of the River 392 840 1,754,255
Ayago Run of the Rive 61€ 84C 1,618,468
Kiba Run of the Rive 292 84C 2,265,578
Murchison Dam & Waterwa. 65¢E 84C 1,137,727
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Figure 1.3: Cascade Development on River Nile
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1.5 KARUMA HYDRO POWER PROJECT

Karuma hydropower Project was earlier entrusted1t6 NORPAK for development under the
private sector in the year 1996. M/S NORPAK an pwtelent Power Producer envisaged this
Project as a run-off the river hydropower generadioheme with an installed capacity of 200 MW
on Kyoga Nile River, downstream of Lake Kayoga. Hueject Definition Report was submitted by
M/S NORPAK in the year 1999. Environment and Solerglact Assessment study was undertaken,
project affected people were also compensated anddamental and Social Impact Assessment
(ESIA) report prepared was submitted to NEMA foprgwal in the year 1999. This ESIA and the
other related permits were duly approved by NEMAthe year 1999 itself. In the year 2006,
NORPAK revised the project proposal, which envisagee development of the project in two
phases with 100 MW installed capacity in the fpkase and 100 to 200MW capacity development
in the second phase. However, due to host of reaS@RPAK decided not to pursue the project
any further and it was reverted back to Govt. olip for implementation.

A review of the past efforts by M/S NORPAK is pretal in a separate volume titled “Review of
NORPAK REPORT". Govt. of Uganda then decided tcetaker the Karuma hydropower project
and proceeded with its own plan for developmerthid project in the public sector. The Ministry
of Energy and Mineral Development (MEMD) togethethwthe Uganda Electricity Generation
Company Limited (UEGCL) jointly proposed a new KaaiHydro Power Project of 600-700 MW
installed capacity with changed layout and locatibhe new layout now envisages harnessing of
about 70m Gross head of the project as comparaldot 29 m in the NORPAK Report.

The project, as now envisaged by the MEMD, GoU, ttes following broad features and
guidelines:

(@) Type of Scheme — Run-off-the River scheme withrdilpondage.

(b) Submergence area — Should not adversely affectdke Kyoga and the Full reservoir
level / Maximum water level of the project shoudshmain below the Lake Kyoga elevations
at all times.

(c) Tail Race Outfall — The Tail race outfall be pladra a location on the Kyoga Nile where
river bed elevation is about + 945 m. This locatisii be within the Karuma Wildlife
reserve.

(d) Care to be taken that the impacts on the Karumdlifegildue to this project are minimised

and adequate mitigation measures to be implemetftedconducting suitable studies.

Evacuation of power from the Karuma Hydro Powenplaill require construction of appropriate
power transmission lines of adequate capacity tx@ate power from Karuma and other power
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stations that will be constructed in the area. ffarsmission line project will be carried out under

separate arrangement that will run concurrentip e Karuma generation project.

1.5.1 Project Location

The new Karuma Hydro Power Project is located auke at Latitude 215’ N and 3215’ E on
River Kyoga Nile with project area falling in Kirgdongo and Oyam Districts of Uganff&gure

1.4). The Project is a run-off the river scheme withisattion of water of River Kyoga Nile, an
outflow of Kyoga Lake. The diversion site is apgroately 1.5km upstream of the Karuma Bridge
and at about 2.5 km upstream of Masindi — Guluigh The Project area is within the vicinity of
two conservation areas, the Karuma Wildlife Resemé the Murchison falls National Park. The
Project will utilise a gross head of about 70 m drdign discharge of 1128 cumecs for generation
of 600 MW (six units of 200MW each).

1.6 THE NEED AND JUSTIFICATION FOR THE PROJECT

Uganda is currently facing a huge electricity sypgéficit, as over 90 percent of the country's
population is not connected to the national gride Turrent situation of the power demand and
power supply options for Uganda indicate thatKlaeuma HPP which will add up to 600MW to
the National Grid is a very justified developmearid that it is the preferred and least cost saiutio
to address the short, medium and long term pol@ttages in the country. The Karuma project is
likely to be the largest power development projactganda in the near future and will provide
more power to the National Grid than all the otherrently installed projects. The other major
generation facilities in Uganda are all on the Niled they include the Kirra HPP (200MW) and
Nalubale HPP (180MW), upstream on the exit of tfile Nut of Lake Victoria. The other dam, the
Bujagali Hydropower project will be completed scamd will add another 250MW on to the Grid.
The 600 MW to be provided by the Karuma Project idberefore be an essential addition to the
country’s generating capacity as it would not ankget the electricity demands of Uganda in future,

but also trigger rapid industrialization of the otny.

1.7 PROJECT DESCRIPTION

1.7.1 Project Layout

The proposed scheme consists of a Concrete Damagimmam height of 20.0 m and length of
311.53 m at the Top elevation of 1032.00 m. Therfime bays have been proposed to discharge
the design flood of 4700 cumecs, and constitute$4ourface bays of 7.0 m width and 10.0 m
height with the crest at EL 1020.0 m. 2 undercdsiiof 3.0m wide and 4.0m height have also been
proposed as a silt flushing arrangement for thegoamtake structure. The Non overflow length of
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33.74m covers the left abutment and 96.56m onige abutment. For energy dissipation, stilling

basin with end sill has been proposed.

The Diversion arrangement of the Kyoga Nile for tanstruction of Concrete Dam has been
planned in two stages. In the first stage, therdivae flood of 2500 cumecs would be diverted
partly through an open channel of base width 10noh @artially through the river channel on the
right bank, while the left bank comprises of pdrthe concrete dam, Power intake will be covered
by a coffer dam of 15.0 m height. The remainingtiparof the concrete dam will be built after

barricading right bank with a cofferdam of the sahs@ght as that of the first stage, and the
diversion flood will be diverted through 8 numberfsspillway gates and through the right bank

diversion channel.

For power generation, water is planned to be coedvelirough 6 concrete lined pressure shafts of
7.70 m diameter and length varying from 379 m t8 82 These pressure shafts would feed 6
vertical Francis turbines of 100 MW capacity ingdlwithin an underground powerhouse located
on the Left bank of Kyoga Nile. A surge chamberwdtnos. of 12.0 m dia and 2000 m long surge
tunnels has been proposed to take care of thesdrgeto sudden closure/opening during operation
of the power plant. The Tail water from the Poweuse will be carried through 6 individual
tunnels of 7.70m diameter and 276.81m length ughéosurge chamber. After the surge chamber
the tail water will be conveyed through 2 nos. Bf5Dm dia tunnels of 8.3 km long up to the river

through an open channel.

The Open channel will convey the tail water to tiver whose base width is 100.00 m and length
of 140.0 m. At the end of the tail race channeleiras been proposed to maintain the minimum
tail water level during all conditions and the ¢rlevel of the weir is kept at El. 959.50 m. The
Power generated would be evacuated into the natgiichthrough a 400 kV Switchyard to the
nearest proposed sub-station of Uganda Electritgiynsmission Company Limited (UETCL) and
for onward transmission to the energy deficientiReg The Project Layout and L-section of the

scheme are shown Annexure 1.1andAnnexure 1.2respectively.
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Figure 1.4: Location map of Karuma HPP
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1.7.2 Concrete Gravity Dam

A Concrete Gravity dam has been proposed to divertriver water to the power station. The

Length of the dam at top is 311.53m and maximurghteirom the deepest foundation is 20.00m

high. The dam comprises of 8 numbers of Non-overfidocks and 16 numbers of overflow bays.

The overflow bays comprise 14 surface bays of 2040.0m with crest at EL 1020.00 m and 2

numbers under sluices each of 3.0m X 4.0m withtaie€L. 1012.00m. The under sluices are
proposed as a silt flushing arrangement for thedPomtake and the Spillway gate are proposed to
discharge the flood discharge. Stilling Basin vétid sill will be provided as an Energy dissipation

arrangement for the spillway discharge. A Fish leadagrrangement is also proposed in the dam
complex for the fish migration. The Layout Plansimg the Concrete Dam and Section along Dam

axis is shown irAnnexure 1.3andAnnexure 1.4respectively.

1.7.3 Power Intake

A Rectangular fore-bay type power intake has beepgsed to feed the design discharge to the
pressure shafts which is located in the left bahkiver Kyoga Nile. The Power Intake structure
consists of six numbers of independent intakes €8c20m wide and 20.0m high for the pressure
shafts. The total width of power intake is 175.2@ith an inclined trash rack which is proposed to
prevent the entry of floating debris in to the watenductor system. All intakes are proposed in
one line and side by side to each other in ordefiatiitate the use of common trash cleaning
machine and stop-log hoisting arrangement. The Pdwike and its details are shown in

Annexure 1.5.

1.7.4 Pressure Shafts

Since the total discharge for power generation ugeghigh, all six generating units of the
powerhouse will be fed through six independent qares shafts. Each pressure shaft is of 7.70m
diameter and centre to center distance betweepréssure shafts at intake is 29.20m near inlet and
reduced to 25.0m till the power house. The Lengdththe Pressure shaft varies from 328m to

379m.The L-section of the pressure shaft is showmnexure 1.6

1.7.5 Power House

As the topography of the project area is not sietéty a Surface Power House, an Under Ground
Power House has been proposed to accommodate gigaVé&rancis turbines of 100MW capacity
each. The Power House cavern comprises a machinedraice bay and a control bay. The total
length of the power house cavern will be 215m land 21m wide. The total height of the power
house is worked out to be 49.0m from the lowestlle¥ Draft tube elbow. A transformer cavern

has also been proposed for power evacuation whkithcated at 50.0m downstream of the Power
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house cavern. The length of the Transformer cai®er200m and 18.0m wide with a height of
14.4m to accommodate the transformers. Separagsstgnnel have been proposed to the power
house and transformer cavern to facilitate the ssib#ity during Power plant operations. The
Longitudinal and Cross section details of Powerskeoare shown idnnexure 1.7 andAnnexure

1.8respectively.

1.7.6 Tail Race System

Each vertical Francis turbine will have independ&@Om tunnel with the Length of 276.81m from
the Draft tube to the Surge Chamber as a primdryatze tunnel. The surge Chamber is part of the
tail race system, which is designed to accommotteesurge effect in the tail race tunnels during
power plant operations. The surge chamber consfsisnumbers of surge tunnels of horse shoe
shape with 12.0m diameter and 2000m length eachwitith of the surge chamber is 20.0m with a
length of 200.0m and 29.0m high. The Longitudinadl &Cross sections of Surge chamber are
shown inAnnexure 1.9 After the surge chamber the Tailrace system hdlle 2 Nos. of 12.50m
dia horse shoe shaped tunnels with the Length 3¥n8.following by a tail race channel as the
geological condition near the outlet area will aiow driving the tunnels up to the river. The tail
race channel will have a base width of 100.0m wiith length of 140.0m and average depth is
10.0m with the side slope of 1:1. Before the oualcture a weir has been proposed to maintain
the minimum tail water level during all conditioasd the crest level of the weir is kept at El.
959.50 m.

1.7.7 Reservoir
For this project, the reservoir has been desigreegd on the Full Reservoir Level (F.R.L.). To fix
the F.R.L. of the project an important consideratieas given to the flow of the river outside lake
Kyoga, it was important that the river outlet atkkaKyoga is not affected by the dam height
corresponding to the design flood of this projedtor this, water level was studied for two
situations i.e. at Flood discharge and secondesign Discharge which is presentediable 1.3
andTable 1.4respectively.
For a F.R.L. of EL. 1030.00m the water elevatiokr88 upstream of the dam axis is anticipated.
From the modelling studies (Details in Engineefiteport), this reservoir level would be almost the
same as for the virgin condition and dam condi{feiR.L. at EL. 1030.00m) in both the conditions.
Also the reservoir extending up to 35kms upstreéithe@ dam axis and the reservoir will not reach
L. Kyoga. As such, therefore the F.R.L. of EL. 1@80n has been selected for the project.
The summary of the Salient features of the KarumseR/oir are as follows:

a) Length of the Reservoir = 35kms.

b) Reservoir Area at F.R.L. of EL. 1030.00m = 273H2b
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c) Reservoir Area at M.D.D.L of EL. 1028.00m = 179035
d) Gross Reservoir volume = 79.87 M. Cum
e) Dead Storage below M.D.D.L. = 34.34 M.Cum

Table 1.3: Water level at flood discharge undeiedént scenario

4700 ni/s- 4700 nils with 4100 ni/s with F.R.L.
Discharge Virgin Condition F.R.L. at El. at El. 1028.00 ( M/s
(No Dam) 1030.00 NORPAK design)
Water Surface Elevation at 35
] 1035.49 1035.07 1034.93
kms upstream of Dam axis(m)
Water surface Elevation at Dam
) 1032.49 1030.00 1032.00
axis(m)

Table 1.4:Water level at design discharge under differenhade

1178 mi/s - Virgin | 1178 mi/s with | 890 nt/s with F.R.L.

Discharge Condition (No F.R.L. at EI. at El. 1028.00 ( M/s
Dam) 1030.00 NORPAK design)
Water Surface Elevation at
) 1031.49 1031.71 1030.96
35kms upstream of Dam axis(m
Water surface Elevation at Dz
1028.05 1030.00 1028.00

axis(m)

The reservoir would therefore extend up to 35kntsthe maximum area of submergence would be
2737 Ha. The submergence area will remain withenrttier banks and as such the reservoir does
not significantly alter the natural environment tbke river especially, given that in the 35Km
stretch, the river is slow and flat with well defahriver banks.

1.7.8 Transmission
As per the master plan developed by Uganda Elé@gtficansmission Company Limited (UETCL),
and reiterated in the National Development Plan BNR2010/11-2014/15), the following
transmission lines are planned to take off fromugaa HPP.

a) Karuma- Kawanda 400KV double circuit line (264 Km)

b) Karuma- Lira 132 KV double circuit line (80 Km)

¢) Karuma- Olwiyo 132 KV double circuit line (60 Km)
For this purpose, three 400 KV circuits would beught to switchyard through 400 KV XLPE

cables from 420KV GIS provided in the transformavern. Two circuits would be utilized for 400
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KV line to Kawanda. Necessary terminal equipmert take off structure will be provided in the
switchyard.

One 400 KV circuit will be connected to a bank lofee single phase, 91 MVA, 40@// 132KV,
interconnecting transformers, located in switchy&tecessary 400 KV and 132 KV switchgear and
take off structures will be provided in the switehg for taking off two double circuit 132 KV lines

to Lira and Olwiyo. A drawing showing the switchgldayout is enclosed #&mnexure 1.10

1.7.9 Fish Ladder

A Fish ladder with a gate opening of 5.0m width @&@m height is provided adjacent to the
overflow blocks on the right side so as to allow thigration of aquatic life from the upstream to
the downstream or vice-versa. The following poiatsording to USBR serve as guidelines for
satisfactory design of a fish ladder:

a. The fish ladder should be provided near the deepradl through which they always move

about.

b. The entrance and the exit of the fish ladder shbeldway from the range of heavy over
fall of water from the diversion structure and uguplaced at the divide wall of the
structure between sluice bay and spillway bays.

The gradient of the fish ladder should preferalayltl0.
The flow velocity in any part of the fish laddeiositd not be more than 1.8m/s.
The width of the opening shall be between 6.0m2@rh.

~ o a0

The length of the pool shall not be more than 6.0m.
The depth of the pool shall be between 1.0m — 2.0m.

©«

For Karuma dam, to understand the hydraulics offisle ladder, a model was created in the
USBR’s HEC-RAS river modeling software. The paranetconsidered for the model were as
follows:

a) Gradient of the fish ladder is fixed as 1:10.

b) The width of the opening is 5.0m.

c) The depth of the opening is 5.0m.

d) Discharge considered: 15cumecs.

e) The baffle walls are spaced 4.0m apart.

f) The height of the baffle walls is 2.0m.

g) The slot opening is of 1.5m.

h) Water elevation at the entry of the pool: EL.1026

i) Water elevation at the exit of the fish ladder: F130.00m.
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With the above mentioned parameters the depth oérwand the velocity of water flow were
checked for different discharges through the pregdsish ladder. The results of the model for a
design discharge of 15cumecs were as follows:

i) Water velocity at entry: 0.9m/s.

k) Water velocity at exit: 1.16m/s.
From the above results it may be deduced that ¢heity of flow at entry and exit remain within
the limits as recommended by USBR, however theepiess of turbulence and flow velocities in
intermediate pockets have to be checked by perfgrrhiydraulic model studies. It is therefore
proposed that a detailed hydraulic model studyheffish ladder is done so as to achieve the flow
velocities, spacing of baffle walls and width obtsbpening in the baffle wall in the fish laddee ar
adhered to as recommended by USBR. The sectiog #herproposed fish ladder block for Karuma

Dam is shown iAnnexure 1.11.

1.8 ELECTRO - MECHANICAL WORKS
The generating equipment of Karuma HPP would béaliesl in an underground powerhouse.
There will be two caverns, one for housing six gatieg units of 100 MW each and other auxiliary
equipment and the second cavern would house genstap up transformers.
The turbines would be vertical Francis type workimgler gross head of 70.0m with a speed of 150
rpm. The 100 MW synchronous generators would b&catrtype with 11kV generation voltage
and 0.9 power factor (lag) directly connected wiiftbine shaft. It is proposed to provide 19 Nos. of
single phase transformers (including one spard) ead1MVA, 11/ 400/ 3 kV, Forced OQil forced
water cooled generator step up transformers toobisdd in Transformer cavern. Choice for single
phase transformers has been made to reduce the ofidhe transformer cavern and associated
access tunnels. The connection between the gend¢eatoinals and 11 kV terminals of generator
step up transformers would be made through 11kVducss laid in the interconnecting tunnels
between the two caverns.
The 400 kV EHV switchgear is proposed to be gaslated switchgear mounted on the floor above
the transformers in the Transformer cavern. Necg#20 kV feeders would be taken to pothead
yard through 400 kV XLPE cables.
Two numbers EOT cranes of suitable capacity woddgtovided in the machine hall cavern and
one crane will be provided for gas insulated svgedr for installation of the equipment and for
subsequent maintenance.
Following auxiliary systems would be provided:

1. Control and protection system

2. Fire protection system

3. Ventilation and air conditioning system
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Compressed air system

Unit auxiliary transformers and station auxiliararisformer with associated HT and LT
switchgear to supply auxiliary power

Station illumination system

Earthing system

Drainage and dewatering system

Plant communication system

. Power line carrier communication system to supplyileary power during starting of

generating units as well as for emergency powen, digsel generating sets of appropriate

capacity are proposed to be provided.

1.9 CAMPS, ROADS AND INFRASTRUCTURE
In addition to the hydropower schemes, the Inftecstmre and Construction Facilities for Karuma

Hydro Power Project have been divided into theofgihg components:-

1.9.1 Project Roads
The following roads have been proposed in the Brojeea to facilitate various construction

activities and details of the road is presentetahble 1.5.

a)
b)

c)

d)

e)
f)

Access Road to left bank dam site - 3.65 km

For accessing the left bank dam site and also noexti all the construction facilities and
muck disposal area etc. located on the left baran Access road has been proposed. This
road will be gravel road to start with and will selquently be converted to black topped
specifications. This road will be on flat terrailhit reaches the plateau area and after that it
will negotiate a height of about 40-45 m to reaxlthie proposed Dam Top. This road starts
from the Gulu highway with 10.0 m wide foundatiom the flat terrain (3.0km) and it will
reduced to 6.0 width (0.65km) while negotiating #hepe, so as to minimize the surface
excavation. Construction roads will branch out fromns stretch and will be subsequently
constructed as the work progresses and river erigig.

Access Road to the Main Access and tunnels andt@atisn Adit for Surge Chamber -
1.60 km.

An Access road of 1.60 km has been proposed to letess & Construction tunnels to
Power house and construction Adit to surge chanfdrerarious construction activities.
This road will have a foundation width of 6.0m.

Access Road to Labor Camp, Fuel Station - 2.50 km

An access road of 10.0m width has been propostbtw camp, fuel station. It is aligned

from the left bank main access road and providesimaity to muck disposal area also.
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9)
h)

)

k)

m)

0)

P)

Q)

s)

Access Road to Explosive Magazine - 0.5 km

The access road to explosive magazine will be 1@ddmdation width and would take off
from the left bank main access road.

Access Road to Muck dumping yard - 0.60 km

This road has been proposed to as an additionakado the muck disposal yard because
since muck will be generated from various siteg,dahea needs to have additional entrance
to the muck dumping yard for smooth flow of traffiaring construction stage.

Access Road to Diversion Channel, Dam Right BartkRight Bank Quarry - 1.80 km

The Access to the Right bank where the diversianobl, rock quarry and dam abutment
are located will be through a road branching oatrnfrKaruma-Gulu Highway. It is also
important to point out here that at some locatithesexisting Karuma-Gulu highway from
Karuma trading center to the bifurcation point &we tight bank (about 4 km) may be
required to be widened so that this heavy trafficamstruction material from quarry to left
bank muck dumping area / crushing plant area cacabered to. This right bank road is
also proposed to be 10 m foundation width gravatiro dam site and diversion channel.
This road will further branch out to quarry areésjpstream and downstream locations.
Access Road to Steel Yard and Fabrication Yar80 @m

The Access road to Steel and Fabrication yard isaach road from the left bank main
access road to the dam site. This road would H©Odfm foundation width. The length of
the road is 0.90 km.

Access Road to TRT outfall - 7.0 km

The access to TRT outfall from Karuma-Gulu highvag already been constructed within
the Karuma wildlife reserve area by UWA. Howevds tixisting murum road needs to be
considerably improved by providing suitable crosaithge works, improving its gradient
at many locations so as to suit heavy construdtgtffic etc. The pavement may be required
to be re-laid by putting layers of stone metal anduring proper compaction. Since this
road will be the lifeline of the project and willsa provide accesses to Adits and other
work fronts, upgrading of this road to higher st@mt$ of about 10 m width will be
necessary before the commencement of active catismmworks.

Access Road to Adit | — 1.40km

The Access road to Adit-1 will branch out from thtain Road to TRT outfall mentioned
above. This road will provide access to one ofrttzest important work fronts from where
tunneling of more than 10 km length will be invalve

Access Road to Adit Il — 1.00km: To sum it up, &tmf 20.95km of new roads will
required to be constructed.
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t) The Access road to Adit-1 will branch out from thain Road to TRT outfall. This road
will provide access to 12.50m tailrace tunnels pravide 2 work faces.
Table 1.5:Details of the proposed approach road for Karumg HP

S.No. Road Description Road Type Length | Foundation
(Km) Width (m)

1 Access Road to left bank dam site Gravel 3.65 10

2 Access Road to MAT & CAT to Power House 160 5
and Construction Adit for Surge Chamber

3 Access Road to Labor Camp, Fuel Station 2.50 10

4 Access Road to Explosive Magazine 0.5 10

5 Access Road to Muck dumping yard 0.60 10

6 Access Road to Diversion Channel, Dam Right 180 10
Bank and Right Bank Quarry

7 Access Road to Steel Yard and Fabrication Yard 0.90 10

8 Access Road to TRT outfall 7.00 10

9 Access Road to Adit | 1.40 10

10 | Access Road to Adit Il 1.00 10
Total Road Length 20.95

Km

1.9.2 Offices and Residential / Non-residential cophexes

Karuma Hydro Power Project will have its head gerarin its Permanent camp area at the Project
Site. Some of the infrastructure will be utilizedrithg construction phase while others will be
during Operation & Maintenance (O&M) stage of theject. The Permanent camp is well
connected with Gulu Highway by an access road. aduemmodations in the permanent camp are
broadly classified into two categories as resid¢rdand non-residential. The Permanent camp is
proposed at suitable place, which will accommodhtelling units of different types for officers
and staff, Administrative office building, Hospitalspensary, Guest House. School, Officers Club
& Auditorium, Staff Club/ Union Office, Shopping @&e, Bank, Telephone Exchange, Canteen,
Model Room, Stores, Sub-station, Fire Stationrddilbn Plant, Workshop, DG Building, Quality
Control Laboratory, etc. Field hostels will alse tonstructed to accommodate sufficient number
of personnel.

(a)Project Headquarters

The project headquarter will be on the left bankhef River near the dam site and powerhouse site

flat area. The accommodations are broadly classiiio two categories: residential and non-
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residential. Most of the residential and non-resi@é buildings are proposed to be constructed in
doubleftriple stories at the project site keepmgiew the limited availability of land.
(b)Residential Accommodation at Project Site

The Residential Complex is proposed at suitablegplarhich will accommodate dwelling units of
different types for officers and supervisory st&thool, Bank, Post Office and Telephone
exchange etc. as well. All accommodation for Owaret its representative will be constructed by
the Engineering Procurement and Construction (ERf)ractor. The Contractor will also have his
separate labour camps which have been shown uetfignated area. Field hostels will also be
constructed to accommodate sufficient number cdqrerel. Both temporary and permanent types
of residential buildings are planned. The detdilhese buildings are given belowTable 1.6and
Table 1.7.

Table 1.6:Permanent Residential Building for Karuma HPP

S.N ltem No of No of Plinth Area/ | Total Area (Sq
Units Buildings Building m)
Type A @100 sgm/unit (Ground + 2
1 | storey’s); 2 flats on each floor 60 10 562.50 5625.00
2 | Type B @ 250 sq m/unit 40 40 125.00 5000.00
3 | Type C @ 300 sq m/unit 20 20 175.00 3500.00
4 | Type D @ 400 sq m/unit 5 5 201.00 1005.00
5 | Type E @ 500 sq m/unit 1 1 400.00 400.00
Bachelor Accommodation
HOSTEL - A @ 30 sgm /unit 2
6 (Ground Floor + 2 Storeys) 4 4 225 900.00
HOSTEL - B @ 50 sgm /unit 3
! (Ground Floor + 2 Storeys) 0 S 375 1875.00
Total 18305.00

Table 1.7: Temporary Residential Building required during Gomstion Phase of Karuma HPP

ot | otcogs | o | T e
1 Type | @ 75 sgm/unit 70 70 75.00 5250.00
2 Type Il @ 100 sg m/unit 50 50 100.00 5000.00
3 Type Ill @ 200 sg m/unit 25 25 175.00 4375.00
4 Type IV @250 sq m/unit 8 8 201.00 1608.00
5 Type V. @ 300 sq m/unit 1 1 300.00 300.00

Bachelor Accommodation
6 Dormitory - category -1 100 100 100 10000.00
7 Dormitory - category -2 60 10 100 1000.00
Total 27533.00
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(© Non-Residential Accommodation at Project Site

Non-residential accommodations at Project Site wiltlude Administrative/office building,
Hospital/Dispensary, Guest House, School, Offi€dtgy & Auditorium, Staff Club/ Union Office,
Shopping Centre, Bank, Telephone Exchange, Cantdedel Room, Stores, Sub-station, Fire
Station, Filtration Plant, Workshop, DG Buildingu&lity Control Laboratory, CISF store/office,
LPG Godown etc. and all these structures will bedee during construction and Operation phases
of the KHPP. Non-residential accommodation is p&ghon multi-storied pattern for Administrative
Building, Guest House, Officers Club & AuditoriurBchool and Hospital keeping in view the
limited land at the project site. The total landjuieement for Non-residential permanent and
temporary buildings at Project Site is as giverowah Table 1.8 and Table 1.9.

Table 1.8: Detail of the land requirement for Permanent NasiBential Buildings in Karuma HPP

S No. Item Land Requirement (Sq m)

1 Office building 4000

2 Store / Ware House 2 nos 1000

3 School 2000

4 Police Outpost 500

5 Post Office 250

6 Bank 250

7 Telephone Exchange 250

8 Hospital 1000

9 Guest House 2500

10 Field Hostels 1000

11 Community centre/Auditorium 1000

12 Co-operatives 2 nos 500

13 Market 1000

14 Testing Laboratory 250

15 Magazine Building 500

17 Canteen 500

18 Library Study centre 500

19 Play ground 100

20 Gymnasium and Swimming Pool Complex 250

21 Children Park 100
17450
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Table 1.9:Detail of the land requirement for Temporary Norsidential Buildings in Karuma
HPP

S. No Item Land requirement (sqg. m)
1 Office buildings 5000
2 Hospital cum dispensary 1 no 1000
3 Store / Ware House 3000
4 Community center, library etc. 1500
5 Work Shop 2000
6 Silos 1500
7 Workers Welfare Center 1500
8 Clubs, Playground etc 500
(a) Office buildings 1000
(b) Open Yard 5000
(c) General Stores 2000
(d) Weigh Bridge/POL station 200
(e) Check Post 50
24250

1.9.3 Other Infrastructure

a) Explosive Magazine.

The proposed Explosive magazine has been locatddfiohank of River Kyoga Nile. The Left
bank main access road will provide the accessilititexplosive magazine.

b) Workshops

Central workshop for heavy earth moving equipmert tansport vehicles shall be set up at the
left bank. The area shall be developed includingnogpace and parking area. The workshop shall
comprise of covered/semi-covered repair sheds.

The workshop shall comprise facilities for the emgrepairs and overhauling, transmission, Torque
converter repair shops, auto-electrical shops, maclshop, tyre repair shop, welding and
fabrication shops, chassis repairs, body and sgetirs, denting/painting, maintenance yard etc.
The workshop shall be securely fenced with corgfaperations.

¢) Warehouses/Stores Complex

Space for construction of transit stores for Cem8igel and other materials including Chemicals
downstream of the dam site have been provided ®etethbank flat area. The steel and other store
items like bitumen etc. which do not require codeagea would be kept outside in open. For the
purpose of cement storage covered sheds shallvatoged enabling storage of adequate quantity

of cement.
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d) Muck Disposal Area

The construction of various hydraulic structur&e ldiversion channel, concrete dam, Intake, HRT,
powerhouse cavern, transformer cavern, surge chrambge tunnels, TRT etc. will require large
excavation; a part of which would be used for ceting in wearing/non wearing faces and part of
it would be disposed off in designated muck dispasaas. The summary calculation in respect of
total muck generated and required to be disposdderesignated areas is given below able
1.10.

Table 1.10:Summary of Excavation Quantity in construction @fréma HPP

SN Description Excavation.Quantity (Cu.m)
Open Excavation Underground
in Soil in Rock Excavation
1 Coffer Dam and Diversion Channel 82200.00 422,080 -
2 Concrete Dam 17380 172900 -
3 Power Intake 399030 135680 -
4 Pressure Sha - - 144089.0i
5 Power House Cavern & Transforr ] ) 507190 81
Cavern
Tailrace tunnels between Power Housg
® and Surge Chamber - - 125610.00
7 Surge Chamb - 1267321.0
8 Tailrace tunnels from Surge Chamber 128600]00 - 3341390.00
9 Tailrace Chann 403540.0 144780.0 -
Total 1030750 875440 5385600.81

1.10 SITE SERVICES

a) Project Power Requirements

The requirement of peak construction power is 20 Mhich will be met through Diesel
Generators (DG) sets is tabulated as below:

Table 1.11:Construction Power required for Karuma HPP

No Area Maximum Load Demand(in
MW)
1 Dam Complex 0.50
2 Adit—1 4.00
3 Adit — 2 200
4 Main Access Tunnel 2 00
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5 Construction Adit to Powerhouse 2.00
6 Construction Adit to Surge Chambgr 1.00
7 Colony Area 2.00
8 Quarry Area 2.00
9 Cooling and Batching Plant 3.00
10 Tailrace Outlet Area 1.50

All Construction power for main works, ancillary vks and colonies etc. would be arranged by the
EPC Contractor. Given the unreliability of the Ibebectricity grid, the Contractor will have to put
in place a fulltime backup generation and distitbutcapacity for all requirements during
implementation. Temporary thermal generation areamgnt using Diesel generators will be put in
place and should be removed from site by the ER@actor after the construction phase.

b) Water Supply

Treated water will be needed for various purposeduding drinking and other domestic
requirements. The EPC Contractor will be respoesfbl providing all water supplies required
during the construction phase of the project. &xpected that the raw water source will be the flo
of river Nile.

The raw water will be collected from Kyoga Nile tisufficient Intake arrangement and it will be
filtered through fine filters installed within theeatment plan and filtered water will be further
treated by reverse osmosis process. The qualityeofvater from the treatment plan will be checked
with standards before supplying for utility purpsse

The EPC contract will install a water treatmentnplaf sufficient capacity to meet the water
demands of the project, especially the office asldential complex. Water will also be required
for the powerhouse, workshop and stores, washroomess and toilets, kitchen facilities and to
provide make-up water for cooling and for the HVA¢stems and other powerhouse systems.

The proposed treatment plant will be fully automatnd with a good process capability. The plant
design will incorporate features to prevent anyepbéally hazardous chemicals used in treatment
from impacting operating staff and the environment.

c) Wastewater

The waste water from various locations like, peremarcolony, office area, work shop, batching
plant, etc., will be collected to the wastewateatment plant through a well defined sewer system.
The collected wastewater will be treated in the texmater treatment plant and quality will be
ensured with the standards before discharging tioRiver Kyoga Nile. The capacity of the
Wastewater Treatment Plant shall be designed tdl@approx. 0.14 MLD (million liters/day) of
water based on the assumption that 100% of therwsapplied ends up as wastewater.
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It is proposed that a system with a continuous [atjmn of about 32 people and a time interval for
the removal of sludge from septic tanks of aboutridhths will be used. The discharged effluent
should meet the discharge quality that meets tattJganda and World Bank Standards.

d) Security & Safety Arrangements

The size of this project, the associated faciliied its sensitivity will require a full time antee
security presence and surveillance. Security gatelsa guardhouse will control entrance into the
project complex. The guard house will have a goavvof the access roads and if deemed
necessary, a watch tower will be put in place te @ better view of most of the sensitive project
areas. Good external lighting will be providedthe powerhouse, power intake, spillway, sub-
station and guardhouse areas; security lightsheilprovided on the main roads within the project
area.

e) Telecommunication

During construction of Karuma hydropower Projetisiproposed to have a multi channel VSAT
connection at site in addition to local radio/wa®s$ communication. Karuma is well covered by
many mobile operators and care will be taken tonsrg the existing towers wherever required
especially in the TRT area. All the communicatiacilities would be provided by the EPC
contractor to his personnel as well as to owneeprasentatives and other contractors. The
contractor will also provide and maintain the VSAnd Video-conferencing connections between
site and MEMD, Kampala.

1.11 LAND REQUIREMENT FOR CONSTRUCTION FACILITIES

Total land requirement of Karuma Hydro Power Projee construction facilities is tabulated
below and the Layout Plan showing the Land requémr@nfor the construction facilities is given in
Table 1.12andAnnexure 1.12

Table 1.12:Land Requirement for Construction Facilities in &aa HPP

No Project Component Total Area (Ha)
1 Main Dam & Power Intake area 4.83

2 Quarry area and Quarry access Road 28.20
3 Project Area—1 53.70

4 Project Area — 2 15.44

5 Project Area - 3 238.60

6 Equipment Yard 5.00

7 Work shop area 5.00

8 Steel Yard 5.00

9 Fabrication yard 5.00

10 Fuel & Consumables area 5.00
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No Project Component Total Area (Ha)
11 Labor Camp 10.00
12 Office Colony 2.00
13 Permanent Office/Colony Area 10.00
14 Explosive Magazine area 2.00
15 Muck Disposal Area 71.75
16 Construction Facilities area 4.00
Total Required Land Area for Construction facilities 465.52
Land already acquired as per NORPAK Proposal is2®@Ba, of 34.17
which land to be used as per present layout
Additional area to be Acquired for Construction fadlities 431.35
Of this 431.35 ha, Land under Karuma Wild Life Rese 238.60
Of this 431.35 ha, Land to be acquired from privataers 192.75

1.12 MATERIAL SOURCING FOR CONSTRUCTION

By nature and size, the Karuma HEP will require huguantities of aggregate and other
construction materials for various project useshsas the main dam, the diversion canal, power
station, intake structure, tunnels, access roaihusatemporary and permanent camps, etc. Several
material sites and sourcing areas will be requioedboth extraction and delivery of these materials
Construction Materials

The dam being small in size will require coarse &ind aggregates in small quantities, most of it
will be available from the compulsory excavationtleé right bank diversion channel itself. This
project will require substantial amounts of congtiikn materials for concrete works. The materials

include cement, sand and aggregate. The differentrete categories, the quantities of such

concrete and the respective quantities of mategi@gyiven in the table below;
Table 1.13:Estimated Quantities of Construction Material @mncrete Works in Karuma HPP

S. No. Description Quantity -Cement Sar;d Aggregates
(in Bags) (m) (M)
1 Concrete grade M10 A40 4640 16564.80 2088.0d 0076
2 Mass concrete M15 A80 101680 497825.28 45756.00 151300
3 Concrete grade M20 A20 15280 93513.60 6876.0( 5280
4 Concrete grade M20 A40 11378 63828.40 5119.93 39683
5 Concrete grade M25 A20 1487207 9860185.33 663843. 1338486.70
6 Concrete grade M30 A20 37893 289881.83 17051.87 410374
7 HPC Concrete grade M60 4460 50041.20 2007.01) .8014
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o ] Cement Sand Aggregates
S. No. Description Quantity ) 3 3
(in Bags) (m) (m)
8 Precast RCC Lagging 15899 97304.66 7154.75 18309.
9 Shot-creting 135257 1517588.31
10 Grouting 929782 929782.00
Total Quantities 13416515.41 755296.9 1510593.8
Say 14 Million Say 0.8C Say 1.€
bags Million m* Million m*
0.70 Million tons

In addition to the estimated quantities of matefidalconcrete works, there will also be substantial
rock material that will be required for gabionsyhed rock fill and stone pitching in Coffer Dam,
Diversion Channel, Concrete Dam, Power Intake aad Race Channel, these materials are
indicated below imable 1.14

Table 1.14: Estimated Quantities of Construction Material (rociterials) for other works in
Karuma HPP

Coffer Dam & Concrete Power | Tail Race
Item ] ) [otal (cum)
Diversion Channel Dam Intake Channel
Gabions 15280 31350 - - 46630
Dumped rockfill 413810 - - - 413810
Stone pitching - - 9370 6270 15640

Most of the concrete aggregates for wearing as a®lhon-wearing surfaces will be obtained
through the compulsory excavations of various ugiiemd project components and partially by
developing rock quarries in the near vicinity o€ tRroject. The rock materials excavated from
different underground structures will be utilizétrdugh using crushers to generate the required
quantity of the coarsd. (60 Million m® and fine (.80 Million m®) aggregates required for different
components of the project. To minimize the impacexcavation on environment, proper muck
disposal areas have been identified, where the rgaeokrated during excavation will be disposed
off. This area is shown on the layout of the profénnexure 1.1

In addition to the aggregates described abovereman the right bank (north bank) was identified
where bed rock is exposed or is available at sivallepth (0.5 m — 2 m). Rock reserve estimation
has been carried out down to 15 m depth. A 700ng bDiversion Channel with 10 m base width,
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10 m height and top width varying between 36 m @4dn has been designed to pass a flood of
2500 cumecs. Excavation of the Diversion Channél geinerate about 0.0488 Million hof soil

and weathered rock mass (not suitable as conaygtegate) and 0.42 Million tall in aggregates.
Out of 0.42 Million niof all in aggregate excavated along the Diversibar®el, 0.27 Million m

will be usable as coarse and fine aggregates drfil Million m®> muck will be generated during
mining and processing through the crushers and dasdifiers.

Compulsory excavation to construct various surfamed sub-surface structures of the Karuma
Hydropower Project will produce huge quantitiesuséble aggregates and muck. Summary of all
surface and underground project components anddiménsions are tabulated below.

Surface excavations in residual soil and bed raokelbeen estimated for each structure separately
as below.

Table 1.15:Summary of Open Excavation in Karuma HPP

Coffer Dam Power TRT with
) ) Concrete TRC 3
Structure & Diversion 3 Intake 12.50 m 3 Total (m®)
Dam () ; o (m°)
Channel (nt) (m®) dia (m®)
Open Excavation in
. 82200 17380 399030 128600 403540 1,030,750
all type of soils
Open excavation in
422,080 172900 135680 - 144780 875,440
bed rock

Similarly, underground excavation in Power Housel dmansformer Hall caverns and Surge
System have been estimated separately. Excavatiantities along the proposed tunnels, viz.,
Pressure Shaft and TRT's are shown below,

Table 1.16:Summary of Underground Excavation in Karuma HPP

Structure Underground excavation Tunnel excavation
Pressure Shaft (fn - 144089
Power House & Transformer 335044 172147

Hall (m®)

TRT 7.70m (m) - 125610
TRT 12.50m (m) - 3341390
Surge System (M 12537 1142284
Total (m®) 460081 4925520

From compulsory excavation, aboli031 Million m® residual soil and5.261 Million n?® rock
material will be generated. Due to the Drill ané®&Imethod tunneling of the rock mass only 40 %
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of the total generated rock mass will be availasieisable aggregates, such2as) Million m* and
balance3.761 Million m® muck will be generated.

Looking at the project aggregate requirement vettavated and usable rock (as aggregate), most
of the concrete aggregates for wearing as welbaswearing surfaces will be obtained through the
compulsory excavations of various underground ptoppmponents and partially by developing
rock quarries in the near vicinity of the Projecthe rock materials excavated from different
underground structures will be utilized to genethterequired quantity of the coarde60 Million

m®) and fine 0.80 Million m®) aggregates required for different componentefaroject.

During open cast mining operations and processihgook material in crushers and sand
classifier's, 40% of the available rock materiall\wgiet converted in to waste and only 60% of the
available rock material will get converted in toacse and fine aggregates. The rock materials
estimated from compulsory excavations during coetitsn of different project components and
from the proposed rock quarry are tabulated below.

Table 1.17 -Rock Material from Compulsory Excavation and Quamya in Karuma HPP

Available
) ) ) Usable
Material Source Location Quantity o 3
) 5 Quantity (in M m~)
(inM m>)
Undergrounc ) ]
Left Bank + Diversion
Rock Structures & open 6.261 2.50
o channel
excavation in rock
Right Bank of Rivel
Rock Right Bank Quarry Kyoga Nile, near Dam 1.748 1.048
axis(60% usable)
Total estimated quantity 8.009 3.548

In addition to the estimated quantities of mateftal concrete works, rock material required for
gabions, dumped rock fill and stone pitching in f€oDam, Diversion Channel, Concrete Dam,
Power Intake and Tail Race Channel has been estinaad.476Million m®.

Out of the available8.00Million m® all in aggregate3.548Million m® rock materials will be
required to generate fine, coarse aggregates asid material. With this background, judicious
planning to utilize maximum quantities from the qansory excavations is required to construct
various project components so that minimum quastidire exploited from the proposed rock quarry
located on the right bank. Maximum utlisation ofkanaterial from compulsory excavation will in
addition to minimising extraction from the quargyso reduce the volume of muck to be disposed
off. The sites that have been identified for thesgerials are shown ilnnexure 1.13

The raw materials that are expected to be useth&construction of the project and their sources

are summarized imable 1.18below.
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Table 1.18:0ther materials needed during construction of Kari®P

S.N. Raw Material Source Mode of Delivery
1. Laterite (for construction e.g accegsApproved borrow pits /
_ Road truck
roads) quarries
2. Cement Local approved supplier | Road truck
Bricks Local approved supplier | Road Truck
4, To be manufactured on and
Concrete blocks ) Road truck
off-site
5. Diesel and petrol for operation of | Local approved Service
) ) _ Road truck
plant, machinery and vehicles Station
6. Water for construction, dust . .
] _| Onsite abstraction rate 2.0
suppression and workers domestig y Pump
S
use
7. General building materials (e.g.

timber, polythene sheeting, brick )
) Local approved suppliers | Road truck
force and mesh reinforcement,

pipes, paint, etc.)

8. Equipment (e.g. Earth Moving
) Local approved contractonn Road truck
Equipment)

During Operational Phase, the main raw materigdatsmrequired will include:

Water for power generation (the main input), domesstd commercial use.

Fuels and oils
1.13 BY — AND WASTE PRODUCTS
Both during construction and operation, the projectexpected to generate huge amounts of
different kinds of waste and by products. Varioispdsal areas have been proposed, both within
the proximity of the dam site and others at a dista The proposed locations of disposal sites are
indicated inAnnexure 1.14
Construction Phase
The following waste and by-products are expectedet@enerated during the project construction
cycle:

Topsoil:Topsoil resulting from scarifying and excavatiortlod site.

Rock materialAs a result of tunneling and blasting

Building Rubble:This will include sub-soil removed and any rock lsléb generated by

blasting (or other rock breaking activities) duriegcavation of trenches for foundation
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strips and the laying of water reticulation pipegcavations for water features, ground
storage tanks for water and fuel, etc. and otheilssguch as rejected concrete, broken
blocks etc.
Solid waste other solid construction waste will include matésuch as scrap timber and
various off cuts and refuse such as discarded paukale.g. cement bags), workers
garbage, debris etc.
Sewage Sanitary waste generated by the construction veockf
Runoff: Storm water runoff from the site
Dust: Dust will be generated on the site from delivefymaterial and various construction
activities.
Exhaust emissionsfrom operation of vehicles and machinery on site.
Operational Phase
The following by- and waste products are expeabddaktgenerated during operation:

i. Sewage Sanitary waste generated by the workforce andovssito the project during
operational phase.

ii.  Solid wase: other solid waste will include material such aspctimber and various off
cuts and refuse such as discarded packaging matevizrkers garbage etc.

iii. Storm Water: An increase in storm water runoff will result frothe site due to the
development of reservoirs, roofed and paved ardashwdo not allow infiltration of rain
water. Storm water runoff from the fuel storage digghensing area (service station) as well
as parking areas may contain some hydrocarbonstiomor oil or fuel leaks/spills. Storm
water run-off typically also contains silt and seisged solids.

iv.  Green wasteawill include leaves and grass cuttings from maiatese of the areas around

the main project facilities and other landscapedsiof the project.

1.13.1 Hazardous Waste and Oils

The envisaged waste is not what can be consideredteemely hazardous. The wastes that could
be of a hazardous nature are the fuels, oils ahdramnotor vehicle or machinery lubricants.
Significant amounts of fuels and oils will be usgdyenerated from the different equipment on site.
Diesel fuel for the backup generators and siteckesiwill be stored in bulk storage tanks. The tank
area will be enclosed by secondary containmenthtaps storing the entire tank capacity in case
of leakage or other accident, and a one cubic nueteacity sump with a central drain, to collect
any diesel spilled during filling operations. Canstion vehicles will be re-fuelled by tankers that
will collect diesel from this central store andtdisute it to vehicles around the site. Chemicals,

such as hydraulic fluid, will be stored in lockedildings, which will also be bunded to contain

spills.
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The site drainage will be designed so that all lewer flow will pass through the settlement ponds
that will be established on site as part of thetewaater management system. This will also serve as
an interceptor, and will hold back oil or other wtieals from being released into the environment in
the event of a significant spill. This will provideifficient time to attend to such accidental re¢ea
and be able to contain and control the incidenbtieegetting out of hand. Some of the emergency
response would involve pumping out trapped oil disgposing of it appropriately in approved sites.
For the Karuma HPP, the nearest area designatduafaiiing hazardous waste is the Ministry of
Defence Facility in Nakasongora. The EPC contraitit work out the framework modalities on
how to use this facility and engage the relevatti@ities.

1.13.2 Explosives

A certificate to import and use explosives will baw be procured from the relevant government
agency i.e. the Ministry of Internal Affairs. In@rdance with Ugandan law, explosives such as the
dynamite charges used in blasting, will be lefthe custody of the Army. On the day when the
blasting is to take place, the police will delivke amount of supplies of explosives to Karuma site
Protocols will be developed by the EPC Contractiih wespect to the storage, transportation and
handling of explosives. The EPC Contractor willbatlevelop a Blasting Notification Procedure to
be used to inform local persons about the blagtotgedule. This will include among others, siren
and alert sounds on time to allow people to movesafer distances. The use of community
mechanism to alert community members prior to thker@se e.g. local radio stations, LCI

representatives and churches amongst others walllzg utilized.

1.14 PROJECT ACTIVITIES

Activities during Construction Phase

Initial activities during this phase relating tonstruction management will include:
Establishment of the construction Project Managérmeam (PMT).
Establishment of a professional Site InspectiomT.ea
Establish and agree management, inspection andirepprocedures.

Site Establishmentwill include the initial constiioa of the following facilities:
Mobilisation and site preparation
Establishment of site management office and faeslit
Maintenance workshop sheds and stores.
Fuel depot / kerb site
Establishment of temporary services and buildegplyui.e. water supply, power and

sanitary facilities
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Establishment of temporary fencing around the site
Various plant and equipment to be used during Keewion of civil works is given iTable
1.19as below:

Table 1.19:Plant and Equipment to be used in civil works dgigonstruction of Karuma HPP

Structure/Activity Proposed Equipment Number
Diversion Channel —| Excavator — 6 cum 02
Right Bank Excavator — 1 cum 01
Dumpers, 25 tons 10
Crawler drill machine 01
Hydra Mobile Crane 01
Explosive van 01
Dewatering pumps — 20 HP, 10 HP and 5 HP 01
Jack hammers 10
Loader cum excavator 03
Concrete Pump 60 cum/hr 02
Concrete Batching and Mixing plant — 300 cum/hr 01
DG set — 500 KVA 01
Upstream Coffer Excavator — 6 cum 02
Dam Excavator — 1 cum 03
Dumpers, 25 tons 20
Hydra Mobile Crane 01
Vibratory Rollers of 10t 03
Dewatering pumps — 20 HP, 10 HP and 5 HP 02
Loader cum excavator 03
Crawler Dozer — 320 HP 02
DG set — 500 KVA 01
Concrete Gravity Excavator — 6 cum 02
Dam Excavator — 1 cum 01
(Excavation of left Dumpers, 25 tons 10
bank abutment andCrawler drill machine 02
river bed) Explosive van 02
Dewatering pumps — 20 HP, 10 HP and 5 HP 01
Jack hammers 05
Loader cum excavator 03
Air Compressor — 500 cfm 02

INTRODUCTION 1-31




KARUMA HPP(600MW) EIPL
DG set — 500 KVA 01
Transport And Transit mixers of 6 cum 15
Placing Of Concrete | Tower cranes of 20 MT 03
In Dam Vibrator gangs
Excavation of right | Equipment same as for left bank excavation
bank abutment
Excavation of MAT | 2 boom drill jumbo 01
Single boom rock bolter 01
Excavator cum loader of 1 cum capacity 01
Wet shotcreting machine with robot arm 01
25 t dumpers 05
DG sets — 1000 KVA 01
Adit to the 2 boom drill jumbo 01
powerhouse and Single boom rock-bolter 01
transformer cavern | Excavator cum loader of 1 cum capacity 01
crown Wet shotcreting machine with robot arm 01
25 t dumpers 05
DG sets — 1000 KVA 01
Access Tunnel to the 2 boom drill jumbo 01
Surge chamber Single boom rock-bolter 01
Excavator cum loader of 1 cum capacity 01
Wet shotcreting machine with robot arm 01
25 t dumpers 05
DG sets — 1000 KVA 01
Tunnel excavation | Three boom Drill Jumbos 01
(From the TRT Wagon drills 01
outfall area) 25 t Dumpers 08
Hydraulic excavators 2 cum 01
Air compressors — 1000 cfm 01
DG set - 2 x 500 KVA 01
Single boom Rockbolter 01
Shotcrete machine with Robo Arm 01
Loader cum excavator 01
Concrete Pump 60 cum/hr 01
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Concrete Batching and Mixing plant — 100 cum/hr 01
Ventilation Fan and ducts 01
Concrete shutters for overt concreting 01
From the Adit-I Three boom Drill Jumbos 01
A(additional to what | Wagon drills 01
is used for TRT 25 t Dumpers 08
outfall) Hydraulic excavators 2 cum 01
Air compressors — 1000 cfm 01
DG set - 2 x 500 KVA 01
Single boom Rockbolter 01
Shotcrete machine with Robo Arm 01
Loader cum excavator 01
Concrete Pump 60 cum/hr 01
Concrete Batching and Mixing plant — 100 cum/hr 01
Ventilation Fan and ducts 01 sets
Concrete shutters for overt concreting 01
From the Adit-| Three boom Drill Jumbos 01
(additional to what is| Wagon drills 01
used for TRT outfall)| 25 t Dumpers 08
Hydraulic excavators 2 cum 01
Air compressors — 1000 cfm 01
DG set - 3 x 500 KVA 01
Single boom Rockbolter 01
Shotcrete machine with Robo Arm 01
Loader cum excavator 01
Concrete Pump 60 cum/hr 01
Concrete Batching and Mixing plant — 100 cum/hr 01
Ventilation Fan and ducts 0 1 sets
Concrete shutters for overt concreting 01

The main anticipated project construction actigititnat will have potential impacts on the
environment are:
i. Site Preparation and Leveling

Initial site preparation will entail removal of tlexisting vegetation, scarifying of topsoil and

earthworks to establish the required levels. Agestn the tunneling, the project will be
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constructed by-and large on the existing level imgg minimal basic earthworks, which will
minimise the need for filling of areas with laterdind aggregates. Earthworks will for the most
part involve the use of heavy machinery such alsdozlers and graders.

ii. Construction of Access Roads and Drainage
Construction of the access roads will involve eartbving and shaping of formation and
shoulders, and stabilization of the base with tliegy spreading and compaction of gravel and
aggregate materials. Construction of drainage aklanmill involve excavation and shaping of
drains and soil compaction. Lined drains/channdlk require the preparing and pouring of
concrete.

iii. Crusher and Batching Plant
The crusher plant and batching plant has been ddcatearby Muck disposal area as
transportation of raw material would be minimizeékhe capacity of the crusher plant is
500TPH as to supply the aggregates to batching pldficiently. The Batching plant has been
designed to produce 300 Cu.m per hour to meet dherete requirement for various project
components without any delay.

iv. Tunneling, Excavation and foundations
This will involve the excavation of trenches forufaation strips for buildings, canals,
tunneling of tail race, etc. The geotechnical syrgé the sites is indicative that the bearing
capacities of soils are good and the foundatiortrdapd design for the intended structures will
be simple and straight forward, in accordance aitbeptable/required engineering standards.
Construction of foundations will involve the compean of underside of foundation trenches
and the mixing, pouring and compaction of concratsignificant amount of earth moving will
be required for construction of the main hydropoweineme components such as the power
house and intake.

v.Sub-structural works
This will involve block work, mixing, pouring andompaction of concrete, backfilling and
compaction of material according to specificatio@enstruction of services will include the
foundation and various piping installations.

vi. Construction of Superstructures (Buildings and Hg)is
This will involve preparing of mortar and concrdteying of concrete block walls, landscaping.

vii. Maintenance of Machinery
A workshop facility will be constructed on site fitre maintenance of construction vehicles and
machinery. This workshop will be very well desigrtechandle any oil and fuel leakages that
will occur during vehicle and machinery servicifidgne workshop will be part of the temporary
buildings to be erected by the EPC contractor.

viii.Movement of Construction Traffic and Heavy Maery
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Transportation of construction materials / wasteattd from the sites will involve the
movement of heavy vehicles on access roads to ribjecp sites as well as within the sites.
Construction activities such as clearing, excavatearth moving and mixing of concrete will

involve the movement and operation of heavy platequipment around the sites.

ix.Water Abstraction

As mentioned earlier, water will be required fomstuction, workers domestic and dust
suppression measures. Water will be abstractedterfrem the River Nile, at an abstraction

rate not exceeding 2.0 I/s. Water for drinking aider domestic purposes will be treated and
the quality of water shall be examined with stadddrefore supplying to domestic purposes.

x.Wastewater Management

Ac
Ac

To

Waste management during the construction phasenwilide:
Provision of temporary workers sanitation in therief portable PVC toilets
Collection and disposal of domestic waste (frontisgpnks) at approved disposal sites
Transportation and disposal of building waste arble.
Collection and disposal of used oils / lubricantscading to national requirements and

standards.

tivities during Operation Phase
tivities during operation that are likely to haae impact on the environment include:
i.  Operation of the weir and the reservoir
The operation of the intake, the weir and the snesirvoir will result in changes of water flow
hence might lead to flooding the natural habithigh rates of evaporation, silting etc. The
impacts will be minimal since the system does raaeha lot of construction as in the usual dam
systems. The tunnel system will allow continuous/emeent of water especially during heavy
rains when the water level in the river would hatteerwise gone over the banks.

Access Roads Maintenance and Management
The access roads shall be cleaned routinely andtonet on a day to day basis for damage to
the road surface. Any repairs necessary shall treedeout by an approved road contractor in
conjunction, where necessary, with the respeciiveatities.

Health and Safety
During the construction phase, the EPC Contracitirb& responsible for the prevention of
unhealthy or unsafe conditions and practices anth®promotion of healthy and safe working
practices at the Site. The EPC Contractor will ttgwvean Emergency Preparedness and
Response Plan and procedure that include traifingkers.

handle minor injuries and other related casest, did kits will be provided at strategic places

within the project facilities. In addition, a clmiwill be maintained on site to provide basic
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treatment and first aid only. An ambulance willdyesight fulltime and incase of any serious/major
cases the patients will be transferred to eithea b Gulu referral hospitals for advanced handling
The clinic will be staffed and operated by the BEB@htractor.
The following staffs are proposed, as a minimum:
A part time Doctor who is fluent in English and pably having knowledge of the local
language
A clinical/medical assistant who is fluent in Emstiliand probably having knowledge of the
local language

An experienced wound dresser/ trained first aicdqer

Vector /Pest Control: Malaria control and prevention measures will bstiiated by use of a

number approaches including; the removal of brepdirounds (ensuring that pools of standing
water are dried up), spraying the inside of howsitls residual insecticide and provision of pre-
treated mosquito bed nets. An awareness and gatisiti programme to ensure that workers
understand modes and risk of infection, and présentill be put in place. Construction techniques
that minimize creation of pools of standing wated ather breeding grounds for vectors will be
emphasized. Among the areas of concern are thewgits and quarry areas; these will be kept

well drained in order to prevent this occurring.

1.15 PROCUREMENT AND MATERIAL DELIVERY TO SITE

This project will require huge amounts of constimttmaterials and inputs that will need to be
delivered and stored onsite. Gravel, laterite dodesaggregates will be acquired and transported to
the site from approved quarrysites within the prbprea/project neighborhood. Provision will be

made for bulk storage of materials such as sargieggte and laterite.

Petroleum products for trucks (such as petrol/dliegd require transportation and storage on site.
A storage facility for petroleum products has beeovided in the designs for the project and the
storage will be on site for stocks of about onekvé&idven the sensitivity and the dangers related to
petroleum products, the services to run the petmolproducts storage facility will be contracted
out to reputable/licensed Petroleum Company, whigh also ensure regular and sufficient
supplies. Other materials that will be transporéed stored include sand, cement, blocks and
timber.

Although some of the materials for the civil engineg components of the hydropower facility
such as aggregates will be produced on site, dretosuch as sand will be procured locally within
the project area, the mechanical and electricalpom@nts will be sourced from different countries

around the world. Most of the project inputs thall e sourced from outside the region (East
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Africa) and will be imported through the port of Mbasa and transported either by road or rail to
Uganda.

Some smaller components, especially for electiitstbllations will be transported by air through
Entebbe Airport. The imported materials will bensported to the project site and stored in the

established warehouses on site.

1.16 STAFFING
The recruitment policy for Project construction aeration shall be prepared based on the current
practice specified by Ugandan law for workers dreotguidelines followed by Government of

Uganda. The local communities neighboring the pitajeea should be given the first priority.

Construction Phase Labour force

Construction of the scheme will provide employmantl career opportunity for several thousands
of local people. The initial personnel requiremdating construction is approximately 750-900,
while at peak construction periods approximatel@B@ersonnel will be employed on the project.
The number of skilled (technical and administrativeorkers will be around 50 - 75 in the
construction phase at peak periods. The numbezrof-skilled and semi skilled workers, including
the workers for supporting services will reach al#x0 in the peak construction periods.

The construction workforce peaks just two years ifie project with a maximum of more than
2000. Of the latter, a substantial part will bealggersonnel. The planned camp facilities will F®ous
local and international staffs.

A labour camp will be established in the projecaaand there will be a lot of social interaction
between the project workers and the local commuiiibe project will as much as possible hire

labour from within local communities.

Site Organizationfor the EPC Contractor

The organization at Project site would be headed Byoject Director, who will be the nominee of
the Owner. The main site works will be supervisgdie Owner’s engineer, which is EIPL. The
head of EIPL will be designated as Project Managet its staffing will be in line with the existing
Contract with MEMD. The works will be carried out the EPC Contractor. The EPC contractor’'s
site organization is proposed to be in eight deditteams/ modules:

Table 1.20:Summary of key staff during construction phase KeatHPP

Module Department/Module Description Number Required
1 Procurement, Stores and Logistics 30
2 Workshop, Mechanical and Hydro- 26
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Mechanical Works

All underground caverns 34

Dam, diversion channel and 29

Infrastructure works.

5 HRT, Tail Race System and surge 62
tunnels
6 Project Monitoring, Liaisoning and 38

Administration

Electro-Mechanical works 31
8 Finance 20
Total 270

Local market transactions will take place betweenstruction workers and local communities.
Casual relationships may also result from inteoasti between workers and the community. A
canteen will be established on site to cater forstroiction workers. The presence of construction
workers will require the provision of water for fib@reparation and domestic purposes as well as

the provision of sanitation and health services.

Operational Phase Labour force

Like the Construction phase, the operation of ttieeme will provide employment and career
opportunity for a significant number of people,liding the local people. MEMD and UEGCL will
be responsible for the operation and maintenancéhef plant. During the operation phase,
approximately 150 staff persons are needed to teo#ra power plant and the auxiliary facilities of
the dam. Around 50 of these will be highly skillestaff (engineers, mechanics, and
hydromechanics, electricians, and electronics gpsts) and administrative staff, and the
remaining will be unskilled workers and supportffs{guards, cooks, gardeners, etc) that will,
preferably, be hired locally. An effort will be matb ensure that for unskilled labour, the prioidty

given to the locals.

1.17 SITE RESTORATION

Landscaping

Though by nature, this project has minimal vegetatcover destruction and other surface
disturbing activities, there will be some excavasidor construction of different facilities and
obtaining construction materials. All areas distattiby construction activities will be restored to a
natural appearance by landscaping, top soil sprgadrassing and planting of trees, as appropriate.

Particular care will be exercised in restoring plogver station and switchyard environments. All of
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the EPC Contractor's temporary facilities, incluglirbatching and crushing plants, crane
foundations, workshops, offices and other buildingls be removed from site upon completion of
the hydropower facility.

EPC Contractor will produce a restoration plantfe quarry on the west bank. One possibility is
connecting the quarry pit with the river channeig grofiling the borrow areas in such a way that

they provide spawning and nursery habitat for concralty-important fish species.

Access Roads
The access roads provided for the constructiotitfasiwill be maintained or closed based on the

requirement during operation stage of the Project.

Management of Excavated Material

As highlighted already, some of the excavated rateill be used in construction. The material,
which is unsuitable for construction purposes, wél kept separate and disposed of in designated
spoil areas, such as the exhausted quarry areahb. rBaterial will be put in proper layers and
compacted to reduce the volume and thus the refjgpace. The surfaces will be finished and
graded to the extent necessary to enhance surfacege and vegetated to prevent future erosion

of the materials.

Construction Schedule/Programme

The Project is to be completed in 64 months tintee Project is scheduled to be completed in six
years from date of commencement of constructiable 1.2). The infrastructure facilities shall
be developed concurrently with the process of abtgivarious Government clearances.
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Table 1.21:Construction Schedule of Karuma HPP
Activity Description Duration Early Early Late Late Total
(Months) Start Finish Start Finish Float
Selection of Concept to Commissioning Consultant 0 1-Sep-09 1-Sep-09 0
Site Survey & Inv & Engg. / ESIA Report 16 1-Sep-09 31-Dec-10 1-Sep-09 31-Dec-10 0
Approval of Engg. Report and ESIA Report 2 1-Jan-11 28-Feb-11 1-Jan-11 28-Feb-11 0
Tender Processing & Award of Work 1 1-Mar-11 31-Mar-11 1-Mar-11 31-Marll 0
Site Infra & Mobilization by Contractor 1 1-Apr-11 30-Apr-11 1-Apr-11 30Apr-11 0
Construction. of diversion channel on Right Bank 8 1-May-11 31-Dec-11 1-May-11 31Dec-11 0
E;)r?kst of Dyke on Left. Bank & River Div on Right > 1-Jan-12 29-Eeb-12 1-Jan-12 29-Feb-12 0
E;g:g(vsatlon, Concrete & Gate erection of Left bank 18 1-Mar-12 31-Aug-13 1-Mar-12 31-Aug-13 0
Construction of HRT Intake, Trash Rack etc. 18 1-Mar-12 31-Aug-13 1-Mar-12 31-Aug-13 0
Const of Dyke on Rt. bank & River Div on Left bank 4 1-Sep-13 31-Dec-13 1-Sep-13 31-Dec-13 0
Excavation, Concrete & Gate erection of Right Bgnk 24 1-Jan-14 31-Dec-15 1-Jan-14 31-Dec-15 0
Dam Blocks
;Iz(;r excavation from Intake face -All 6 Nos full 8 1-Jan-14 31-Aug-14 1-May-14 31-Dec-14 4
Steel Lining, Backfilling and Contact grouting 12 1-Sep-14 31-Aug-15 1-Jan-15 31-Dec-15 4
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Excavation of Main Access Tunnel and other access 10 1-May-11 29-Feb-12 1-May-11 29-Feb-12 0
Excavation of powerhouse and Transformer Caverns 24 1-Mar-12 28-Feb-14 1-Mar-12 28-Feb-14 0
::’;Qt?g‘: yard civil works and E&M equipment 36 1-May-11 |  30-Apr-14 1-Jan-13 | 31-Dec-15 20
Erection of Crane beam 4 1-Mar-14 30-Jun-14 1-Mar-14 30-Jun-14 0
Concreting in sub-structure 10 1-Jul-14 30-Apr-15 1-Jul-14 30-Apr-15 0
Concreting in Super structure 8 1-May-15 31-Dec-15 1-May-15 31-Dec-15 0
Erection of E&M equipment 18 1-Jul-14 31-Dec-15 1-Jul-14 31-Dec-15 0
Pre-commissioning Testing 1 1-Jan-16 31-Jan-16 1-Jan-16 31-Jan-16 0
Commissioning of Unit- 1 1-Feb-16 29-Feb-16 1-Feb-16 29-Feb-16 0
Commissioning of Unit-Il 1 1-Mar-16 31-Mar-16 1-Mar-16 31-Mar-16 0
Commissioning of Unit-lll 1 1-Apr-16 30-Apr-16 1-Apr-16 30-Apr-16 0
Commissioning of Unit-IV 1 1-May-16 31-May-16 1-May-16 | 31-May-16 0
Commissioning of Unit-V 1 1-Jun-16 30-Jun-16 1-Jun-16 30-Jun-16 0
Commissioning of Unit-VI 1 1-Jul-16 31-Jul-16 1-Jul-16 31-Jul-16 0
Excavation of Access to Surge Chamber & Surge 10 1-May-11 29-Feb-12 1-Jul-11 30-Apr-12 5

Tunnels
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Excavation of Surge Chamber 24 1-Mar-12 28-Feb-14 1-Jan-14 31DEC15 22
Heading excavation of Surge Tunnels 24 1-Mar-12 28-Feb-14 1-May-12 30-Apr-14 2
Benching excavation of Surge Tunnels 8 1-Mar-14 31-Oct-14 1-May-14 31DEC14 2
Concrete lining of Surge tunnels 12 1-Nov-14 31-Oct-15 1-Jan-15 31-Dec-15 2
Excavation of Adit— | and I 10 1-May-11 29-Feb-12 1-Jul-11 30-Apr-12 2
Face Opening at TRT outfall portal 2 1-May-11 30-Jun-11 1-Mar-12 30-Apr-12 10
Heading excavation from TRT outfall portal side 18 1-Jul-11 31-Dec-12 1-May-12 31-Oct-13 10
Heading excavation from Adit I; u/s and d/s 18 1-Mar-12 31-Aug-13 1-May-12 31-Oct-13 2
Heading excavation from Adit II; u/s and d/s 18 1-Mar-12 31-Aug-13 1-May-12 31-Oct-13 2
Benching — All faces(Adit-1,Il and TRT portal) 8 1-Sep-13 30-Apr-14 1-Nov-13 30-Jun-14 2

Concrete lining from All faces of Adit-l and Il 12 1-May-14 30-Apr-15 1-Jul-14 30-Jun-15 2

Construction. Of Tailrace outfall structure and 6 1-May-15 31-Oct-15 1-Jul-15 31-Dec-15 2

Channel
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1.18 COMMISSIONING OF THE SCHEME

The Karuma HEP with installed capacity of 6x100 M8\Mikely to get commissioned in the year
2016. The peak demand projected in 2016 is 1069 &\ in 2017 is 1151MW. It would be
possible to meet the peak demand mainly with géioerat Kiira HEP (200 MW), Bujagali HEP
(250 MW), Karuma HEP (600 MW) and Nalubale HEP (M®/). The surplus power available
can be exported to neighboring countries. The dibased thermal stations can be operated to
supplement generating capacity in case of outdfgsima Hydro Power Project has been planned
as a Run-of-the River scheme and it would not anet the electricity demands of Uganda in

future, but also trigger rapid industrializationtbé& country.

1.19 OPERATION AND MAINTENANCE OF THE SCHEME

1.19.1 Concrete Dam and Spillway

The proposed concrete dam is a main diversiontsteiby which the river water will be diverted
for the power generation. The water way providethaconcrete dam comprises of 14 numbers of
surface spillways, 2 numbers of under sluices aralfish pass. The design flood of the project is
estimated as 4300cumecs which can be passed thiRighumbers of surface spillways and
remaining one gate has been provided as a standibip take care of mechanical or human failure
during operation of spillways. The spillway gatélwe maintained periodically with the guidelines
stipulated by the gate manufacturer. For maintemarficspillway gates sufficient arrangements for
stop log gates also been provided with in the Deiocture.

The initial reservoir filling will be carried outdfore the project commissioning, during which the
reservoir rim will be continuously monitored to ares the stability of the reservoir fringe. The
water level in the reservoir shall be maintaine&latL030.00 during power generation and no case
it will not be drawn below EI.1028.00m. The resérvevel will be continuously monitored with
the gauges installed with the dam Site accordittgtypower plant will be operated. Automatic and
remote controlled radial gates will ensure reserasiel maintenance.

The under sluices are proposed at the intake oal st flushing arrangement for power Intake.
The intake pool shall be flushed periodically, ts@re availability of clear water to the turbines.
For periodic and emergency maintenance of unddcesly sufficient arrangements have been
provided for stop log erection and the maintenasbell be done as per the manufacturer
recommendations.

The fish pass will always be in operation and tigtowhich the mandatory environmental flow of
50 cumecs will be discharged to the downstreamhtelowever, which is now revised to 100
cumecs after the recommendation of Directorate ateéVResource Management. The periodic

maintenance will be carried out for the fish pasteg as per the manufacturer's recommendations.
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1.19.2 Water Conductor System

The design discharge for power generation will iggpdied through the power intake to the pressure
shafts. The floating debris which is likely to becamulated in front of power intake will be
removed with the mechanically operated trash rdekning machine. The trash rack and intake
gates will be continuously monitored and sufficiemtangements are provided to carry out the
periodic / emergency maintenance work.

The initial filling for pressure shaft will be dores per the international practices, during whih t
entire alignment of pressure shaft will be contunslp monitored for leakages. The pressure shafts
will always be operated with full flow conditionsc sufficient arrangements have been provided
for dewatering purposes which may required foriedrout the maintenance works.

The tail water from the power house will be conwkeyierough 7.70m dia tailrace tunnels to the
surge chamber which is provided to accommodatestinges during power plant operations. The
tail water from the surge chamber will be conveyeugh two numbers of 12.5m horse shoe
shaped tunnels which are 8.30m long and designedressurized full flow condition. The
construction adits to the tailrace tunnels will fdagged with the gate provision which will be

required for drain the tailrace tunnels for peradeinergency maintenance.

1.19.3 Power House

The power house is planned for 600MW installed cepavith six Francis turbines. The machines
are designed with 10% overload capacity to achiteeinstalled capacity of the project even
unavailability of one of the machine during mairgece. The Draft tube gates are provided to
facilitate the dewatering process in the power bBodsring maintenance of turbines and its
accessories. If the national grid rejects the polarse will be shutdown within 12sec and the
machines will initiated with the defied sequenderafeceiving the clearance from the national grid.
The initiation process will be begins with the fiasit and it will take 60sec and the remainingtsini
will be operated with 300sec interval. Thus thaltatitiation time for all the machines will take

26min.

1.20 DECOMMISSIONING PLAN

After completion of life of the project, the rewable entities like power house equipments will be
taken out and passage to the power house and totfeels will be suitably plugged to prevent
unauthorised entries. The spillway gates and iisting arrangements will be retrieved and the

River Kyoga will be guided to its natural downstreseach.

1.21 SALIENT FEATURES

The salient features of Karuma Hydro Power Prdjese been tabulated below,
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Table 1.22:Salient Features of Karuma HPP

1 Location
Country Uganda
District Kiryandongi
Village Karume
Airport Entebbe- 300 km (Via Kampalz
Road Head 1. From Kampale 270 knr
2. From Gulu — 75.0 km
Latitude (N) P29'45”
Longitude (E 32749'45”

Map reference

Department of Lands and Survey of Ugal
topo-sheet No. 31/3

2 Meteorology

Maximum Rainfall

2000mm

Minimum Rainfall

900mm

Average Maximum Tem

28°C (at Kampalz

Average Minimum Tem|

17° C (at Kampalz

3 Hydrology

Catchment Area

346,000 sqg. km

PMF 4700 cumecs

4 Reservoir
Maximum Water Level El. 1030.00
Full Reservoir Level El. 1030.00
Minimum Drawdown Leve El. 1028.0t
Water Spread at FF 2737.35 H
Water Spread at MDC 1790.35 H.
Storage at FR 79.87 MCWV
Storage at MDDL 34.34 MCM
Live Storage 45.53 MCM

5 Dam
Type Concrete Gravity
Length at to 311.53n
Overflow 169.39n
Non-overflow 142.14 n
Top Width 6.00
Top of Dam El. 1032.00
Maximum Height above deepest
foundation 20.00m
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River Bed Level (averag El. 1019.00 r
6 Coffer Dam
Type Dumped Rockfill with Concrete Membrane on
upstream face and jet grouting in foundation
Maximum Heigh 15.00n
Top Widtr 4.00 m
7 Diversion Channel
A diversion channel of base width 10.00m,
Size & Shape length of about 700.00m, side slope of 1:1 and
bed slope of 1:130 on the right bank.
Diversion Discharg: 2500.0 cume
8 Spillway Arrangements
Type Submerged Ogee Spillway
No. of Gates 14Nos.
Size of Gates 7.50m(W) X 10.00 m(H)
Crest Level El. 1020.00 m
9 Silt-Flushing Arrangements
Type Under Sluice
No. of Gate 14Nos
Size of Gate 3.00m(W) X 4.00 m(-
Crest Level El. 1012.00 m
10 Power Intake
Rectangular fore bay type with inclined trash
Type and Location rack on Left Bank of Kyoga Nile and inclined
at 112 degree to dam axis.
Size 175.20m long and 20.0 m high
11 Pressure Shafts
Nos., Diameter and type 6 Nos.,7.70 m diameter gdgréund
Length Length varying from 328.59m to 379.18m
Steel liner thickness of 22.0mm in the be
Liner and Concrete Liner of 500mm on straight
reach.
12 Power House
Under Ground Powerhouse on Left ban!
Type and Location Kyoga Nile about 400.0m downstream of
Power Intake.
Design Discharge 1128.02 cumecs
Design Hea 59.83 m
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Size

215.0m (I) x 21.0m (w) x 49.0m(

Type of Turbine and no. of un

Vertical Francis, 6 units of 100 MW et

Installed Capacity 600 MW
Turbine Centre Line Level EL. 925.09 m
Service Bay Level EL. 962.55 m

Tailrace system Between Power House 4
Surge Chamber

n8ix Individual 7.70m horseshoe shaped tunn
with 276.81m long each

els

L)

13 Surge Arrangements
A Down Stream Surge Chamber of 200.0m (
Surge Chamber with Tunnels X 20.0m (W) X 29.00 m (H) with 3 Nos of 12
m dia Horse shoe shaped tunnels of 2km ea
14 Tailrace System
) Two Numbers of 12.50m Horse shoe shaped
Tailrace Tunnels
tunnels and 8.3km Length
Oper Channel of 100m wide with side slope
Tailrace Channel
1:1 and 140.0m length.
15 Power Generation

Rated net head at Design Discharge

59.83m

Installed Capacity

6 X 100 MW = 600 MW

Design Energy: Annual generation in 509

0
4309.33 Million Unit

Dependable Year at 95% plant availabilit

y

1.22 PROJECT COSTS
Break up of cost estimates for Karuma HPP is gikerable 1.23

Table 1.23:Summary of cost for Karuma HPP

Item Description Cost (Million USD)
Preliminary & Preoperativ 15.2%
Expenses
Land 0.37
Civil Works 99.0
Power Plant Civil Work 1022.50
Buildings 33.89
Plantatiol 0.05

Works Miscellaneous 13.94
Maintenance 11.22
Special T&P 0.50
Communication 10.0
Environment & Ecolog 19.42

INTRODUCTION 1-48




KARUMA HPP(600MW) EIPL

Losses on Stoc 2.80
Establishmen 49.0
Indirect Charges: Audit & 3.07
Account:
Electrc-Mechanical Work 330.78
Total Cost (Basic as 1,611.77
Dec.2010)

Based on the above mentioned hard cost of the giroje December 2010 Price level financial
analysis was done during the feasibility stagetfdifferent scenarios. The summary of these option

is. shown inTable 1.24below.
Tablel.24:— Completed Cost

Hard Cost @ Dec'10 Price

US$ Mn 1612 1612 1612 1612
Level
Escalation US$ Mn 188 188 188 188
Hard Cost @ Jun'16 Price

US$ Mn 1800 1800 1800 1800
Level
Hard Cost per MW US$ Mn 3.000 3.000 3.000 3.000
Soft Costs US$ Mn 323 240 384 284
Total Project Cost US$ Mn 2123 2040 2184 2084
Project Cost per MW US$ Mn 3.54 3.40 3.640 3.473
Debt (70%) US$ Mn 1486 1428 1747 1667
Equity (30%) US$ Mn 637 612 437 417
Construction Period Months 62 62 62 62
First Full Year Tariff US$ / kWh 0.0821 0.0721 0.0752 0.0638
Levellised Tariff for 40 Years | US$ / kWh 0.0642 0.0583 0.0564 0.0494
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1.23 EVALUATION OF ALTERNATIVE HYDROPOWER CONFIGURA TIONS

Alternative project configurations at, and aroutid Karuma HPP site also been investigated. The
objective was to compare and evaluate possibl@mgptio provide the rationale for selection of the
preferred design approach. Key considerationsarcdmparison were the potential power output of
the different options, their financial costs aneithrelative environmental and socio-economic
implications. Five Alternative layouts had beendsd and summary of these studies is presented
in Table 1.25 Of the alternatives studied, Alternative No. 2 Haeen recommended for the
approval of MEMD. The reason for the selection loé tAlternative No. 2 is provided in the
comparison table as under; Drawing showing altérestlayout of the Karuma HPP is given as
Annexure 1.15-1.19

Table 1.25:Summary of the Alternative studies for the Karumaibpower project

Alternatives I Il [l [\ vV
FRL 1029.5m 1029.5m 1029.5m 1029.5m 1029.5m
Design 840 m3/s 840 m3/s 840 m3/s 840 m3/s 840 m3/s
discharge
Pressure 5 nos., each 85 nos., each 8 m5 nos., each 85 nos., each 85 nos., eacl
shafts m dia & 401.32 dia & 371.9 m| m dia & 170.87| m dia & 157.66| 8 m dia &
m long long m long m long. 20420 m
long
Tail Race| 5 nos., circula
Tunnel in shape, each
8 m dia &
-before 490.65 m long
Surge 5 nos., circular in shape, each 8 m dia & 78.56 emgth
chamber
-after Surge 2 nos., each2 nos., each2 nos., each2 nos., each
Chamber 125 m dia. & 12.5 m dia. & 12.5 m dia. & 12.5 m dia.
11277.48 m 8696.80 m in 5032.50 mlong & 5627.04
long length. m in length.
Installed 605 MW 570 MW 570MW 570MW 585MW
Capacity
Environmentg Worst Best Good Worst Worst Powe
consideration| (construction | (construction of| (construction | (Construction | channel and
of an open underground ofunderground | of a large open| the
channel of 20 | structures will | structures will| channel of 20 | underground
m base width | have least have lesg§ m base width | powerhouse
and 91.5 impact on theg impact on the and 91.5 m top| with all its
m top width for| Wildlife reserve| Wildlife width, accesses wil
conveying and reserve and traversing be located
almost the conservation conservation | through some | inside the
entire river area) area. However parts of wildlife
discharge of powerhouse is wildlife reserve | reserve area,
840 m3/s located close to and The power
traversing the conservation | channel will
through the Conservation | area for cut across th
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Wildlife area thereforT conveying river| Kampala-
reserve and the accesses todischarge of Gulu
conservation the 840m3/s  will| highway and
area and also underground | adversely affect enter into the
involving powerhouse the Wildlife | Wildlife
realignment of will have some area.) reserve areal
the Kampala- impact. The TRT will
Gulu Highway be
will have underground
serious going to the
adverse effect proposed
on the wild life Outfall area.
as As such this
Alt. will
adversely
affect  the
wildlife area
and will also
cause majo
disruption of
the
highway.)
Ease of| Easy to execute Difficult to | Difficult to | Most Difficult | Moderately
construction | but will | execute due toexecute due tpto execute due difficult to
hamperedmove large large to combination execute due
ment of wild| underground underground | of large| to
life & reserve| works but will| works but will | tunneling substantial
forest, and will| have least have small works in| tunneling
require impact on the impact on theg addition to| works in
continuous wild life & |wild life & | Open channell addition to
maintenance. It reserve forest. If reserve forest. Open channe| Open
will be prone to| will be a safer| It will be a| subject to| channel.
subversion option requiring| safer option| danger due to Will
activity. little requiring little | subversion adversely
maintenance. | maintenance | activity. affect wild
life &
reserve
forest, and
will involve
continuous
maintenance
It will be
prone to
subversion
activity
Cost of| 621.89 691.54 737.27 757.59 671.56(M.U
components | (M.USD) (M.USD) (M.USD) (M.USD) SD)

Considering the sensitivity related to serious aslveeffect on the Karuma Wildlife reserve and
Environmental problems all alternatives having aerochannel within the Wildlife reserve and/or

Conservation area are not recommended. Thus Atteenaumber —I, IV and V were not pursued
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further. Thus, the two viable alternatives consdewere Alternatives - Il and lll. The benefits of
alternatives Il and Il were almost similar as eawththem required almost similar length of
tunnelling but, there is a marginal difference ostcwith the cost of Alternative-1l being a little
lower. Also, in Alternative- Il, the undergroundwer House is located substantially far away from
Kampala Gulu Highway and all the access tunnellecaimnel etc. will be located away from the
Highway and the conservation zone. While in casAltdrnative 11l due to longer length of HRT,
the Power House is located close to Kampala Guiiinktay and the access tunnel may be too close
to the Conservation area. In addition to this,née location of the Power House will require fresh
investigation while some investigations at the pldeation of the Power House had already been
carried out by NORPAK. Since the cost and bendfiiaih alternatives Il and Ill were comparable

to each other, Alternative Il had been adoptedddher survey and investigations.

1.24 STRUCTURE OF THIS REPORT
This report has been developed mainly followingdh@&lelines and EIA requirements as stipulated
and operationalised in the various environmentglirements of Uganda, especially the guidelines
for environmental impact assessments in Uganda (NEM97). However, the requirements for
EIA for such a project as stipulated in Internasiio@uidelines especially of the multilateral lerglin
institutions and development agencies such as thed/Bank and the African Development Bank
(AfDB) have been given due consideration.
The report comprises different parts describingradlkey elements considered as being required to
assess potential effects that might be generated fthe implementation of the Karuma Hydro
Power Project, both on the immediate surrounding$ en the downstream environment. The
overall study is presented in four different volane

Volume 01: Review of NORPAK report;

Volume 02: ESIA Report including EMMP

Volume 03: The RAP Report
The content of the ESIA report is presented unaerfdllowing key chapters:
Chapter 2 - The relevant legal, policy and institutional/adisirative framework for undertaking
ESIA and implementation are reviewed and presentéé. chapter discusses both the general
requirements for implementation and also the sjpecdguirements for EIA, as outlined under the
National Environment Act and the EIA guidelines foganda. It further discusses relevant
international guidelines, agreements and treaties.
Chapter 3 - The methods used for collecting the baselinermftion on various environmental
parameters and assessing the potential impadtssisttidy are presented.
Chapter 4 - The baseline information regarding the existigvironment of the Physical

environment such as land, soil, geology, air, watef noise environment.
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Chapter 5 - Baseline information biological environment viZora and fauna including aquatic
ecology.

Chapter 6 - Baseline information on socio-economic environtaksituation of the project area are
presented. The information presented in this chagtamainly derived from the field/baseline
studies conducted in the study area as part ofbtresall ESIA study. However, where deemed up
to date and applicable, information gathered frivendture and other previous studies has also been
used to define the existing environment.

Chapter 7- Furnish information related to the public conatitin and participation.

Chapter 8 - The potential environmental impacts, both thedfieial impacts and negative impacts
of the proposed project are analyzed and presentexse impacts are identified with the objective
to define the extent of the impacts, which itemecdhattention, so that benefit enhancement and
mitigation measures may be properly addressed gludésign implementation, construction and
operation phases.

Chapter 9 - Furnish elements for appropriate environmentalagament and monitoring activities,
including the roles and responsibilities of theimas stakeholders. Elaborates on the required
foreseeable actions and mitigation measures; pabgos enhancement of the positive/beneficial
impacts and mitigation of the negative impacts presented and discussed. The cost of
implementing the EMMP; presents the costs assatiatih the different environmental mitigation,
management, monitoring and training actions.
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