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(Section 1 Hydro Power Plant)

1 Executive Summary
1.1 General
1.1.1 Project Background

Karuma Hydropower Project (hereinafter referred to as “Karuma HPP” or “the Project”)
is located near Karuma Village in the northwest of Uganda. It is the 3™ of the seven cascade
hydropower stations planned on the Victoria Nile River in Uganda. The dam site is about
2.5km upstream of Masindi-Gulu Highway. The tailrace outfall is located in the National Park,
about 9km downstream of Karuma Bridge. The project area is accessible from the Entebbe
International Airport about 300km away. The project location, Karuma, is about 110km to the
highway in the northeast of Masindi, and about 70km to the highway in the south of Gulu.

In 1999, NORPAK, Norway, an independent developer envisaged the run-of-river
hydropower development of Karuma HPP in two phases, with a total estimated installed
capacity of 200MW, including 100MW in the first phase and 200MW in the second phase.
However, due to many reasons, NORPAK decided not to develop the project any further and
the project was reverted back to the Uganda Government for implementation.

After the withdrawal of NORPAK, the Uganda Government took over the Karuma HPP
and proceeded to the development of this project. The Ministry of Energy and Mineral
Development (MEMD) together with the Uganda Electricity Generation Company Limited
(UEGCL) jointly proposed a new scheme for Karuma HPP, the installed capacity was
adjusted to 600 MW with changed layout and location. In the new scheme, the available head
is 70m as compared to about 29 m in the NORPAK Report.

Accordingly, the Uganda Government carried out international competitive bidding in
2009 and the letter of bid acceptance was issued by MEMD by Document No.
MEMD/SVCS/2008-2009/00382 dated August 19, 2009 and Energy Infratech Private Limited
(EIPL), India was selected as the consultant to carry out feasibility study for Karuma HPP.

On Sep. 12, 2011, MEMD sold the Tendering Documents for global EPC bidding for the
Project. There were nine selected candidate bidders, the consortium of SINOHYDRO
CORPORATION LIMITED, China (hereinafter referred to as SINOHYDRO) and CMC, Italy
was one of the candidate bidders. HYDROCHINA HUADONG ENGINEERING
CORPORTATION (hereinafter referred to as HYDROCHINA HUADONG) , as the design
subcontractor of the Consortium, participated in the bidding activities of the Project and also
carried out site investigation. In the bidding stage, in accordance with the response

requirement to the Tendering Documents, on the basis of the original designed Project
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development mode, further in-depth research was conducted for the design of the dam, the
water conveyance and power generation system, and the diversion works for the original
scheme, many constructive alternatives were proposed, and the optimized scheme on the basis
of comparison was taken as the recommended scheme for bidding. In the bidding scheme, the
Project layout pattern is composed of the dam, the water conveyance and power generation
system on the left bank, and the open diversion channel on the right bank. The Project has a
total installed capacity of 600MW, the maximum dam height is 20m at that time, the water
conveyance system is about 9km long, the upstream maximum and minimum operation water
levels are 1030m and 1028m respectively, the discharge of single unit is 188m°®/s, a total of 6
Francis generating units are arranged and the rated head is about 60m.

On Jan. 31, 2012, the bidding documents were submitted. Due to some reasons, the
Uganda Government declared the bidding activity was invalid on April 2013.

In May 2013, the Ministry of Justice of Uganda jointly with MEMD started a new round
of negotiation bidding procedures, and HYDROCHINA HUADONG assisted SINOHYDRO
to sign MOU with the Uganda Government on June 21.

From July 31 to Aug. 2, 2013, MEMD organized SINOHYDRO and EIPL for contract
negotiation in NTEBBE, Uganda, and HYDROCHINA HUADONG participated in the
negotiation.

On Aug. 12, 2013, MEMD held the commencement ceremony of the Project in Karuma
Village, the project site.

On Aug. 16, 2013, the contract signing ceremony was held in the office of MEMD. Thus,
the EPC contract was awarded to SINOHYDRO and HYDROCHINA HUADONG serves as
the design subcontractor.

In December 2013, entrusted by SINOHYDRO, HYDROCHINA HUADONG prepared
this Feasibility Study Report (hereinafter referred to as “the Report™) for cooperation with the
financing evaluation activities of the Project.

1.1.2 Preparation Basis of the Report

EIPL, an Indian Consultant, prepared the Feasibility Study Report of Karuma
HPP(hereinafter referred to as “the EIPL Report™) in 2009. The project owner required in the
Tendering Documents that the EIPL Report was taken as the technical basis for tendering.

In the bidding stage, HYDROCHINA HUADONG carried out its work in accordance
with the Tendering Documents, which is taken as the first basis for preparation of the Report.

In the bidding stage, HYDROCHINA HUADONG conducted considerable design work
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for the bidding documents based on the Tendering Documents, and the results achieved in this

stage constitute the second basis for preparation of the Report.

After MOU was singed by SINOHYDRO, HYDROCHINA HUADONG, as the design
subcontractor, carried out immediately the supplementary site investigations in August and
made some adjustments for the Project scheme in accordance with the supplementary
investigation results and these achievements are the third basis for preparation of the Report.

The Report is the financing evaluation report of the Export-Import Bank of China and
the Chinese and American standards constitute the fourth basis of the preparation of the
Report.

1.2 Project Task and Construction Necessity
1.2.1 Project Development Task

Karuma HPP is developed mainly for power generation. The normal pool level is 1030m,
the dead water level is 1028m, the reservoir with daily regulation capability has a total storage
capacity of 79.87 million m?, and regulating storage of 45.53 million m*. The Project has a
total installed capacity of 600MW, its mean annual energy output is 4.373 billion kW.h and
annual operating hour of the installed capacity is 7290 hours. Karuma HPP belongs to the
run-of-river power station, with advantageous technical and economic indicators. After
completion, the Project can provide a great deal of power energy for Uganda and the adjacent
countries and produce remarkable power generation benefits.

1.2.2 Preliminary Demonstration of Power Supply Scope

Karuma HPP is located on the Nile River in mid-northern Uganda, 110km downstream
of Lake Kyoga, and 270km away from Kampala, the capital of Uganda. The Project with a
total installed capacity of 600MW will supply power to the Uganda National Grid.

1.2.3 Project Construction Necessity
1.2.3.1 Needs of Energy Development in Uganda

From the predictions of Uganda national development trend, Uganda national economy
will maintain rapid growth, the country’s GDP after 2015 will maintain a high growth rate of
7.5% and the power demands will also continuously maintain rapid growth. To solve the
problem of rural residents’ living electricity and meantime provide adequate power safeguard
for national economic development, the Uganda Government's power development objective
Is to achieve the nation-wide grid coverage in 2035.

Uganda's energy structure is mainly composed of hydropower, and presently, the main

hydroenergy resources developments are concentrated in the Nile River basin, where the
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hydroenergy reserves are about 3000MW, but the existing installed capacity is about 700MW,
including three large hydropower stations, namely, Nalubaale (180MW), Kiira (200MW ) and
Bujagali (250MW).

It is clear that only through the above-mentioned three power stations with a total
installed capacity of 630MW and the 200MW Isimba Hydropower Station scheduled to be put
into operation in 2018 and Ayago Hydropower Project (600MW determined in feasibility
study stage) to be put into operation in 2020, the Uganda domestic power demands and
exported power needs cannot be satisfied.

Therefore, the construction of 600MW Karuma HPP will not only meet the Uganda
domestic power demands and promote rapid industrialization of the country but also realize
power export to the neighboring countries.
1.2.3.2 Facilitating Ecological Environmental Protection

In a variety of energy sources, hydropower, as renewable clean energy, together with
solar, wind, geothermal, biomass energy, is known as the *“green power”. During the
construction of hydropower projects, although the “three wastes” may be produced in short
term, the pollution is local and temporary, and the pollution can be mitigated through taking
the control measures in accordance with the environmental protection requirements. After the
completion of power stations, pollution will no longer be produced and can greatly decrease
the environmental pollution by sulfur dioxide, carbon dioxide and wastewater and slag from
the coal-fired power plants, and it is also conducive to soil and water conservation. At the
World Summit on Sustainable Development held in Johannesburg, South Africa in 2002,
hydropower development was affirmed for its reduction of greenhouse gas emissions and
measures to achieve sustainable development. On Feb. 16, 2005, the “Kyoto Protocol” (i.e.,
"the United Nations Framework Convention on Climate Change™) entered into force, and
became the UN-approved international law.

After completion, the Karuma HPP can replace the thermal power units of the same
capacity, the replaced mean annual energy output of coal-fired power plants is about 4.373
billion kWh, accordingly, coal of approximately 1,443,000t (per kWh is equivalent to 330g
coal) can be saved every year, emissions of carbon oxide (COy, carbon monoxide (CO),
hydrocarbons (CnHm), nitrogen oxides (NOx), and sulfur dioxide (SO,) can be reduced,
thereby reducing the construction pressure of coal mines, thermal power plants and traffic and
meantime mitigating the negative impacts on the environment.

The construction of Karuma HPP will substitute a large number of coal or oil and gas
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resources. For hydropower resources are renewable green energy, the hydropower
development and construction can not only reduce the consumption of non-renewable
resources, but also greatly reduce the negative impacts on the environment, and produce a
huge ecological environmental benefits.

1.2.3.3 Promoting the Regional Economic Development

Currently, only 40% of urban households and 6% of rural households can be connected
to the power grid in Uganda, the lagged energy development has severely restricted the social
development and economic growth in Uganda.

To increase domestic power generation capacity, promote economic and social
development and improve the people's living standards, the Uganda Government and the
MEMD have identified a number of power projects beneficial to national economic
development. Uganda has a large number of renewable energy, hydropower is the most
important and also the cheapest energy. Karuma HPP is one of the proposed important
projects of the Uganda Government.

Karuma HPP is located in dense forested area in Nile River Basin in Uganda, and the
area is rich in high quality timber. The local weak industrial base can provide few
employment opportunities for the residents, and the people’s living level is relatively low.
Being engaged in agricultural production is the main way of life of the local people,
agricultural activities constitute major economic activities in the region; only a few people are
engaged in fishing as their income source. In addition, in the region, only a few people have
the skills and received higher education. On the whole, the region has weak economic base,
low social education level but more poverty areas.

The construction of the Project can attract not only a lot of capital investment but also
a lot of social funds, significantly promote the local economic development and greatly
improve the local infrastructure condition, such as electric power, transportation, medical and
sanitation conditions as well as education. Thus, it will be more conducive to attracting more
funds, bring development opportunities to all sectors, promote the rapid development of local
construction, services and other related industries, increase employment and local taxes,
promote the development of the region's other resources, and promote the rapid development
of the regional economy.
1.2.3.4 Favorable Construction Conditions

Lake Victoria and Lake Kyoga are upstream of the dam site of the Project, so the runoff

is affected by the regulation storage effects of two natural lakes. The discharge of the Nile
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River downstream has small daily changes, runoff is more evenly distributed in a year,
basically maintaining at 990m®/s or so. Such favorable runoff conditions are conducive to the
construction of Karuma HPP.

The tailrace outfall is located within the National Park, about 9km from the Karuma
Bridge upstream. The Project site, about 300km away from Entebbe International Airport, is
located in the northeast of Masindi and in the south of Gulu, and the highway mileages to the
two cities are approximately 110km and 70km respectively. Thus, the project site has good
accessibility conditions.

The Project is located in a relatively flat terrain on the Nile River. Although the project
area is in the vicinity of the equator, due to its high elevation above mean sea level, the whole
area has a mild climate. Good transportation provides convenient delivery conditions for
heavy construction machinery. Thus, there are relatively good construction conditions for the
Project.

For the Project, the total static investment is USD 1.449 billion, the investment per kW
(static) is 2415 USD/kW, and the investment per KW.h (static) is 0.33 USD/kWHh. The kinetic
energy economic indicators are superior and the power quality is good, thus, the project can
better adapt to the power market demands and possesses strong market competitiveness.

As compared with other renewable energy, hydropower is featured by large scale, low
costs, flexible dispatching and stable power quality. Thus, its development advantages are
obvious.

In summary, the construction of Karuma HPP is in line with the energy development
strategy of Uganda, and facilitates improving the power supply structure of the country's
power system and ecological environmental protection and accelerating the hydropower
resource development in the Nile River Basin and promoting regional economic development,
thus resulting in better economic, social and environmental benefits; the project has no major
technical and environmental problems which restrict its construction and can promote the
local social and economic development. Therefore, the development and construction of
Karuma HPP is necessary.

1.3 Hydrology and Sediment
1.3.1 General of the River Basin

Karuma HPP is located on the Kyoga Nile River upstream of the world longest river, the

Nile River. Lake Kyoga and Lake Victoria are upstream of the dam site. The catchment area

above the Project dam site is 346000km? and the diversion type development is adopted for
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the Project. The dam site is about 2.5km to Masindi-Gulu Highway downstream, about 75km
to Gulu, a northern city, and about 270km to Kampala, the capital of Uganda. The tailrace
system is located in Murchison National Park and the tailrace outfall is about 9km to the
Karuma Bridge upstream. Lake Victoria and Lake Kyoga located upstream of the Kyoga Nile
River have huge storage regulation capacity.

Lake Victoria is the world’s second largest freshwater lake, the northern half belongs to
Uganda, the southern half belongs to Tanzania, and the northeastern part belongs to Kenya.
The lake surface area of about 68457km? including 28665km?® in Uganda. The lake has
maximum depth of 84m and an average depth of 40m as well as a shoreline length of about
4828m. The lakeshore winds, and there are many islands in the lake. The catchment area to
Jinja is about 264160km?.

Lake Kyoga Nile is a large shallow lake, located about 120km downstream of Jinja City
in the center of Uganda. All the way from Lake Victoria to Lake Elbert, the Victoria Nile
River flows through Lake Kyoga. Another water source of the lake comes from the Okot
River, which comes from Elgon Mountain at the border of Uganda and Kenya. The Lake
Kyoga system includes Lake Kyoga (with lake area of about 1720km?), Lake kWania (with a
lake area of 780km?), Lake Basina (with lake area of about 130km?) and over 30 small lakes.
After flowing through Lake Kyoga, the Nile River flows westwards for 25km and goes into
Masindi Port. The catchment area at Masindi Port is 338300 km?.

1.3.2 Meteorology

The Nile River basin in Uganda has mainly tropical savanna climate, and there are two
rainy seasons (March-May, August-November) and two dry seasons (December-February,
June-July), in which the main rainy season is from April to May. The spatial distribution of
rainfall is also affected by Lake Victoria and the local topography. In general, the farther
away from the lake, the less rainfall, while there is more rainfall in mountain areas. The main
regions with relatively more rainfall are located in the mid-west of Lake Victoria and on the
slopes of Elgon Mountain. The annual average rainfall ranges from 900 mm to 2000mm, and
evaporation ranges between 1300mm and1900mm.

The climate in Uganda is very pleasant, the temperature is moderate all the year round,
and the average temperature of the Nile River Basin is about 23 ‘C. The maximum
temperature may rise to 35 ‘Csometimes, while the minimum temperature may fall to 8 C in
winter. In Masindi nearest to Karuma HPP, the annual average temperature is 22.5 “C, annual

average humidity is 69.3%, and annual evaporation is between 1600mm and 1700mm.
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1.3.3 Runoff

The runoff in the Kyoga Nile and Victoria Nile river basins is mainly formed by rainfall,
and the annual rainfall of the river basin is abundant. Affected by the storage regulation
function of the upstream Lake Victoria and Lake Kyoga with huge storage capacity, the
runoff of the Project is distributed uniformly in a year (see Table 1.3-1). The runoff is most
plentiful in September, average annual flow is 1056m®/s, accounting for 8.72% of annual
runoff. The runoff is minimum in February, the average annual flow is 921m®s, accounting
for 7.24% of annual runoff. The ratio of high flow to low flow in a year changes very little.
The multiple proportions of flow in highest flow and lowest flow months is only 1.20. The
runoff has large interannual change, and the annual average flow in the highest flow year is
1724m%/s (in 1964), which is 3.85 times the annual average flow of the lowest flow year (in
1994), 448m°/s.

Annual and Monthly Runoff Distribution of Karuma HPP
Table 1.3-1 Unit: m%s

Month Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. |Annual

A¥ﬁ)r\jivge 955 | 931 | 921 | 938 | 974 | 1010 | 1027 | 1051 | 1056 | 1036 | 1035 | 1003 | 995

Percent (%) | 8.14 | 7.24 | 7.86 | 7.74 | 830 | 8.34 [ 8.76 | 8.96 | 8.72 | 8.84 | 855 [ 856 [ 100

1.3.4 Flood

The floods in Kyoga Nile and Victoria Nile river basins are mainly formed by rainstorms.
Affected by the storage regulation of the upstream Lake Victoria and Lake Kyoga, the water
level of Kyoga Nile River downstream of Lake Kyoga changes smoothly, the river flow rarely
rises and falls suddenly. The river basin (338300km?®) above Masindi Port accounts for
97.77% of the catchment area (346000km?) above the dam site of Karuma HPP. The larger
tributaries joining between Lake Kyoga and the dam site of Karuma HPP include the Kafu
River and the Tochi River. In the flood seasons, the interval floods may result in a substantial
increase in flow of Kyoga Nile River and in the dry seasons, there are little impacts on the
flow of Kyoga Nile River.

According to the annual maximum peak flow series from 1950 to 1980 and from 1997 to
2009, Gembel frequency curves and P-llIl1 frequency curves were used respectively to
re-compute the design flood. After analysis and comparison, the design flood adopts the
results provided in the EIPL Report. See Table 1.3-2 for details.
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Design Flood Results of Karuma HPP

Table 1.3-2 Unit: m®/s
_Recurrence 10000 1000 500 100 50 25
interval (a)

Peak flow 4660 3820 3560 2970 2720 2460

1.3.5 Sediment

The latest average value, namely, 10.02mg/l, of the sediment concentration of suspended
load measured aperiodically in the Masindi Port Hydrological Station and 11 hydrological
stations from 1999 to 2003 and from 2006 to 2007 were collected by HYDROCHINA
HUADONG respectively in January and February 2014, and it is taken as the sediment
concentration of suspended load at the dam site of Karuma HPP and the mean annual
suspended sediment runoff at the dam site calculated accordingly is 314600 t/a. The bedload
sediment concentration is considered based on 10% of the suspended load sediment
consideration, namely, 31500 t/a. In summary, the average annual inflowing sediment at the
dam site of the Project is 346100 t /d in total.
1.3.6 Rating Curve

From August to September 2013, HYDROCHINA HUADONG carried out the
measurement for the riverway hydrological section and water surface line along the river as
well as the axis channel from the place near the upstream side of the dam site to the place near
the downstream side of the tailrace outfall and the flood investigation was also conducted.

According to the field survey and hydrological investigation results, the weir formula
and the Manning’s formula were respectively used to calculate the rating curves at the open
diversion channel outlet, the dam site, and 8# and 9# construction adit portals.
1.3.7 Automatic System of Hydrological Data Telemetering and Forecasting

For the automatic system of hydrological data telemetering and forecasting of the Project,
it is planned to set up a central station, seven water level telemetry station, a rainfall station
and a flow observation (hydrological) station. The satellite communications mode and
GSM/CDMA mobile communication hybrid network are adopted for all the hydrological and
water level stations and the rainfall station. The special meteorological station at the Project
area is directly connected to the central station in the camp. To ensure the accurate and timely
transmission of information, the GSM/CDMA mobile communication system-based hybrid
network is taken as the main channel and the satellite communications as the alternate channel

of communications.

1-9



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

1.4 Engineering Geology
1.4.1 Regional Geology and Geotectonic Stability

The study area of the Project is peneplain geomorphy with flat terrains, the eluvium
resulting from weathering is widely distributed in the area. low mountains and hills with
exposed bedrock are distributed locally. The stratum lithology is mainly Precambrian gneiss
and granulite. In the range of 150km of the area, with the east and west branches of the East
African Great Rift Valley as the boundary, the area can be divided into three geotectonic units,
the Nubia Plate is located on the west of the Great Rift Valley, the Victoria Plate is between
the east and west branches, and the Somalia Plate is located on the east of the east branch.

There are two fracture zones distributed in the area, the Albertine Rift and Aswa Shear
Zone. The Albertine Rift is a active fracture since late Pleistocene and it is more than 50km
to the dam site. The moderately strong earthquakes are mainly distributed in the Albertine
Rift and the regions nearby, with obvious inhomogeneity of spatial distribution. On the
whole, the regional geological background of the study area is complex, with significant
zonality of regional tectonic stability.

No active faults have been found in the near-field region and the Project site area, there
are no records of strong earthquakes occurring in the range of 25km of the dam site and the
seismic risk comes mainly from the effects of the strong earthquakes at the periphery of the
Project. The seismic hazard assessment work was entrusted to the Uganda local agency and
the seismic hazard analysis shows that the seismic peak ground acceleration in bedrock
horizontal direction with a 10% probability of exceedance in 50 years at the dam site area is
0.14q. corresponding to the Chinese standards, the basic seismic intensity of the project site is
VII. According to the classification standard set forth in Technical Code of Regional Tectonic
Stability Investigation for Hydropower and Water Resources Project (DL/T5335-2006) , the
Project site belongs to the area with poor regional tectonic stability.

1.4.2 Engineering Geological Conditions of Reservoir Area

(1) Basic geological conditions of reservoir area

The reservoir area has peneplain topography, there are flat terrains on both banks and the
river valley is wide and gentle. The bedrock strata in the reservoir area are mainly of
Precambrian strata and Quaternary deposits are widely distributed at the riverbed and the
slopes on both  banks. The lithology is mainly of metamorphites such as gneiss and shallow
granulite. No regional fractures have been found within the scope of the reservoir area.

According to aerial remote sensing interpretation, the fractures distributed in the reservoir
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area are mainly in NE and NW strikes with small scale. The groundwater aquifer type is of
bedrock fissure water and pore water, and pore water dominates. The bedrock fissure aquifer
has weak acqifer productivity and the groundwater levels at both banks are generally high.
Such adverse geological phenomena as landslide, rock fall, debris flow, etc. are not developed
in the reservoir area.

(2) Evaluation of engineering geology of reservoir area

The topography on both reservoir banks is flat and wide, the watershed elevations of
both banks are higher than normal pool level, and the reservoir topography has good closing
conditions. The rocks at both banks are mainly of gneiss with weak permeability. No large
regional fractures are developed in the reservoir area. The groundwater level at the watershed
of both banks is higher than 1050m, higher than normal pool level (1030m), the reservoir is
far from low valley nearby, so there is no permanent leakage problems.

The slope terrains on both banks are gentle, and the natural slope is stable on the whole.
Distribution of large-scale landslide has not been found in the reservoir area. After reservoir
impoundment, small bank collapse is likely to occur to the slope with overburden in the
reservoir area but it has basically no influence on the reservoir operation.

After reservoir impoundment, the reservoir water level will be raised by less than 5m.
There are no large villages and towns as well as industrial facilities in the vicinity of the
normal pool level.The local residents usually live on the platform with gentle slopes at both
banks, and there are few crops planted by the bank, so there is small impact of reservoir
immersion.

The topography is flat and gentle at both banks of the reservoir area, and there is
developed vegetation, so there is no serious water loss and soil erosion problem. After
reservoir impoundment, the additional construction scope at the reservoir banks is only
limited to the reservoir basin and near the water level variation zone. The additional
construction at reservoir banks will produce less solid runoff. Most of the gullies at the both
reservoir banks have small scale, the solid substance carrying capacity is limited. Lake Kyoga
located about 80km upstream of the damsite plays a role in desilting, as a result, the amount
of the solid substance carried by the flow upstream of the reservoir is small. In conclusion, the
inflowing solid substance is limited and the solid runoff has little effect on reservoir
sedimentation.

The dam of the Project is about 14m high.After reservoir impoundment, the water level

will be raised by less than 5m, thus, resulting in few changes in ground stress field in the
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reservoir area. The lithology in the reservoir area is gneiss and granulite, no regional fractures
go through the reservoir area, maximum earthquake in the near-field area is Magnitude
4.7that indicating weak seismic activity intensity, so there exist no reservoir-induced
earthquake problems.

1.4.3 Engineering Geological Conditions of the Project Area

1.4.3.1 Basic Geological Condition

The Project area has peneplain topography, the overall terrains are gentle with terraces
with gentle slopes on both banks, the elevation is generally 960 ~ 1075m, with slight
undulation. On the whole, the topography is high in northeast and low in southwest. The river
valley is relatively open in wide "U" shape, the valley-ridge height difference is 30 ~ 50m, the
river width varies from tens to hundreds of meters.

The strata exposed in the Project area is mainly Precambrian (An€) metamorphic rocks,
Quaternary residual soil, alluvium, and colluvium. Among them, the Precambrian (An€)
metamorphic rocks include granite gneiss, amphibolite gneiss and amphibolite, and the
gneissosity of rocks are developed.

No faults were found in geological surveying and mapping, except a fault, F1 which
found at the depth of 71.9 ~ 73.9m of ZK11 borehole in the tailrace tunnel area. In the Project
area, the gneissosity attitude changes greatly. The attitude in the dam site is N40 ~ 50 ° E NW
(SE) £ 75 ~ 85 °; while the near-ground surface attitude in the underground powerhouse area
is about N25 ~ 57 ° E NW (SE ) £ 70 ~ 85 °, and at the hole depth of 40~100m (EIl. 954m),
the dip angle turns to 30 ~ 60 °; below the hole depth of 100m, the dip angle is mainly 10 ~ 30
°;itis N40 ° E SE £ 80 ~ 85 ° along the tailrace tunnel. The attitude at the tailrace outfall
is N30 ~ 40 ° W NE £ 50 ~ 60°.

In the Project area, groundwater is replenished mainly by precipitation. In accordance
with the groundwater storage condition, the groundwater can be divided into bedrock fissure
water and pore phreatic water and pore phreatic water is dominate. The groundwater table of
the borehole in the Project area is generally 10~26m. The bedrock permeable performance
depends largely upon the rock mass intactness, fracture elongation and opening. According to
the water pressure test results, where weakly- slightly weathered rock mass has small
permeability, the stratum belongs to slightly-very slightly permeable stratum. In the
underground powerhouse area, the relative water-resisting layer (<3Lu) is about 31 ~ 56m in
depth, while in the tailrace tunnel area, the relative water-resisting layer (<3Lu) is about 22.5

~ 46.2m in depth. In this stage, chemical analysis has been conducted for the water samples
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from the Kyoga Nile River, the access tunnel and the tailrace outfall, and the analysis results
indicate that both the surficial water and groundwater have no corrosivity.

The borehole reveals the following: at the dam site area, the lower limit depth of
completely and strongly weathering is 3.1~53.2m and 14.2 ~ 57m respectively at the left bank;
and the lower limit depth of completely and strongly weathering is 2.9 ~ 10.5m and 4.5 ~
18.6m respectively at the right bank; at the riverbed, except for the surficial alluvium of
1~1.5m, the underlying is the weakly weathered rock mass of upper segment. At the
underground powerhouse area, the lower limit depth of completely and strongly weathering is
27~41.5m and 31~56m respectively. Along the tailrace tunnel, the low limit depth of
completely and strongly weathering is 3.1~32.2m and 14.3~46.2m respectively.

Landslide and debris flow are not developed in the project area, but small-scale adverse
physical geological phenomena such as collapse and sliding exist along the bank slopes. At
the intake area, several small-scale sliding mass was found and its rear edge is in “arm-chair”
shape and the deposits form a terrace with gentle slope, with small impacts on the Project.
1.4.3.2 Engineering Geological Evaluation of Main Structures

(1) Engineering geological condition of the dam

At the dam site, the river valley is open, the topography on both banks are low and gentle,
the natural slopes are stable on the whole. The lithology of the dam foundation is single,
mainly of granite gneiss; no large-scale formations have been found at the dam axis, the
foliation plane has high dip angle and the structural planes with low-angle dip are not
developed in the riverbed dam foundation. As a whole, the rock mass in dam foundation has
weak permeability, and a small part of dam foundation at the left bank is seated on the
strongly permeable completely-weathered rock mass. In general, the geological conditions are
favorable at the dam site and after corresponding treatment, the dam site will have
engineering geological conditions suitable for the construction of a concrete dam.

The dam foundation at the riverbed is seated on the lower section of the weakly
weathered rock mass of Class III1, and Class 1112 rock mass of partial weakly weathered
upper section is used for the dam foundation at both banks. The rock mass is fractured in local
fault and its affected zone, classified as Class IV to Class V rock mass. The excavation depth
of rock mass dam foundation is roughly: 3~7m at riverbed, 15~25m at the left bank, and on
10~15m at the right bank. After corresponding treatment is conducted for the geological
defects of the dam foundation, the rock mass strength and resistance to deformation can meet

the engineering requirements.
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The weakly weathered lower section is the relative water-resisting layer with a depth of 1
~ 2m. When the dam foundation is seated on the weakly weathered lower section rock mass,
the dam foundation leakage problem does not exist. However, partial dam foundation on the
right banks is seated on the completed and strongly weathered rock mass with high
permeability and the groundwater table is relatively flat, the seepage problem around the dam
exists. It is recommended that the permeability of the dam foundation and rock and soil at
both banks should be further ascertained in next stage to work out optimized anti-seepage
treatment scheme.

A plunge sill exists in the river at the dam site, which is likely to be local
gneissosity-intensive zone or weak layers, with certain geological defects and thick alluvium
is likely to accumulate in the groove downstream of the plunge sill, so considerations should
be given to the quantities of certain excavation, backfill and foundation treatment.

The slopes at the left and right banks are low and gentle at the damsite, the natural slope
has overall stability. The artificial excavated slopes at both banks have small height and
overall stability. During slope excavation, the slope overburden and fractured rock mass are
likely to collapse, so timely support treatment is necessary.

(2) Engineering geological conditions of water conveyance system

The intake slopes are low and gentle, and both the natural slopes and excavated slopes
are stable on the whole. But the overburden at the top of the slopes and the completely
weathered layer has poor self-stabilizing capacity. For the groundwater table at the slopes is
relatively high, the slope destabilization is likely to occur in case of large artificial disturbance.
It is recommended that the slope ratio of the slopes with overburden should be as gentle as
possible and drainage treatment should be well done.

The intake tower foundation is seated on granite gneiss of weakly weather upper section,
where the rock mass with poor intactness is in mosaic~block-fractured structure, the bearing
capacity is 1 ~ 2MPa, and the deformation modulus is 3 ~ 5GPa. After appropriate treatment,
the foundation bearing capacity and deformation can meet the engineering requirements.

The floor plate of the upper horizontal section of the headrace tunnel is largely located in
the upper section weakly weathered stratum, where the rock mass has poor intactness and is
relatively fractured locally, the bearing capacity is 1~ 2MPa, and the deformation modulus is
3~5GPa. With appropriate treatment, the bearing capacity and foundation deformation can
meet the relevant requirements. The upper part of the pressure shaft section is composed of

weakly weathered rock mass, classified as Class 11l surrounding rocks; and its lower part is
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slightly weathered rock mass, classified as Classes Il to Il surrounding rocks, timely support
IS necessary for the fracture zone and unstable combined blocks revealed by excavation. The
lower horizontal section of the headrace tunnel is located in slightly weathered rock mass,
where the rock mass is relatively intact and the surrounding rocks are mostly of Classes Il to
.

In the tailrace tunnel, the surrounding rocks are mainly of Class Ill, partially of Classes
Il and 1V, in which, Class Ill and Class IV surrounding rocks account for about 80% and
10~15% respectively and they are mainly in the locally strongly weathered tunnel section,
biotite-enriched tunnel section and the tailrace outfall; while Class V surrounding rocks
account for 2~3% and is located in the tunnel section where a fault passes through; others are
Class Il surrounding rocks.

At the tailrace outfall, the topography is relatively gentle and the bedrock weathering is
deep, so adequate support shall be made for the excavated slopes. However, the overburdens
at the slope top and the completely weathered layer have poor self-stabilizing capability. For
the groundwater table at the slopes is relatively high, the slope destabilization is likely to
occur in case of large artificial disturbance. It is recommended that the slope ratio of the
slopes with overburden should be as gentle as possible and drainage treatment should be well
done.

Along the water conveyance system, the groundwater table is comparatively high, the
overlying surrounding rocks are mainly of weakly to slightly weathered rocks, belonging to
weakly to slightly permeable layer, and there is poor water storage condition, generally, large
water gushing will not occur in the relatively intact tunnel section, but water gushing is likely
to occur in the section with developed structural planes, so drainage treatment should be well
done during construction.

Radon occurs mostly in igneous and metamorphic rocks, especially those containing
uranium. Since the bedrock along the water conveyance system is gneiss, there is geological
condition for the presence of radon. In construction, radon is likely to become radioactive
radon decay product harmful to human body, thus, good ventilation measures must be taken in
construction especially in the granite tunnel section to reduce radon concentrations in the
cavern and reduce the radiation dose equivalent of the construction personnel.

(3) Engineering geological condition of underground powerhouse area

At the underground powerhouse area, the surrounding rocks are slightly weathered

granitic gneiss, amphibolite gneiss and amphibolite, the rock mass is intact, the gneissosity
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strike is basically perpendicular to the tunnel axis, biotite is enriched in local positions, it is
estimated the biotite-enriched zone accounts for 3.7% of the tunnel section. The surrounding
rocks are largely of Classes Il to Il and locally of Class IV, the cavern has overall stability.

The thickness of the overlying rock mass in underground powerhouse and main
transformer hall is 40~50m (2 to 2.8 times the tunnel span), and the thickness of the overlying
rock mass in tailrace surge chamber is 32~44m (1.6 to 2.2 times of the tunnel span), which
basically meet the requirements for overlying rock mass thickness of 1.5 to 2.0 times of the
tunnel span based on engineering experience. The necessary measures shall be taken during
construction to reduce the disturbance to the crown surrounding rocks and deformation shall
be well monitored.

At the underground powerhouse area, the crown is stable on the whole, the joint set with
attitude of N73-82 ° W SW £ 45-65 ° and the gneissosity with medium dip angle, together
with the random joints, are easy to form unstable random blocks at the crown. The NE side
wall in underground powerhouse region is liable to the effects of the joint set with attitude of
N73 ~82°W SW 45 ~ 65 °, and unstable blocks are likely to form in local places.

At the underground powerhouse area, the groundwater table is comparatively high, the
overlying surrounding rocks are mainly of weakly to slightly weathered rocks, belonging to
weakly to slightly permeable layer, and there is poor water storage condition, generally, large
water gushing will not occur in the relatively intact tunnel section, but water gushing is likely
to occur in the section with developed structural planes. Due to the relatively thin thickness of
overlying surrounding rocks in the cavern and high groundwater table, adequate drainage and
necessary anti-seepage treatment should be well done during construction.

Radon occurs mostly in igneous and metamorphic rocks, especially those containing
uranium. Since the bedrock at the underground powerhouse area is gneiss, there is geological
condition for the presence of radon and it is recommended that detection should be conducted
in next stage. In construction, radon is likely to become radioactive radon decay product
harmful to human body, thus, good ventilation measures must be taken in construction
especially in the granite tunnel section to reduce radon concentrations in the cavern and
reduce the radiation dose equivalent of the construction personnel.

(4) Engineering geological conditions of switchyard

At the switchyard, the terrain is flat, the adverse geological actions are not developed
within the site area, the formations are not developed, no active fault passes through, so the

site is stable and has good suitability. It is suggested to strip out the useless layer of Mhumus
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layer, and use @ 1 layer with silty clay as the foundation supporting course. The bearing

capacity characteristic value (fx) of the foundation soil is 160~180kPa, the recommended

compression modulus (Es) value is 10~13MPa, thus, the bearing capacity and settlement of

foundation can meet engineering requirements.

1.4.3.3 Recommended Rock Mass Physical and Mechanical Parameters

According to the rock (mass) test results and in combination with engineering experience,

the recommended rock mass physical and mechanical parameters based on Q system and

Hydropower HC classification standard are proposed as shown in Table 1.4-1 in detail.

Recommended Rock Mass Physical and Mechanical Parameters

Table 1.4-1
Uniaxial
saturated
coggr:agstsrllve Nsltjtljlr(al Rock mass shear | Deformation| Poisson’s
. dul .
Roc_k_ma_ss Lithology Weathering (oblique density strength modulus | ratio
classification extent o
gneissosity
direction)
Rc y C’ f Em u
MPa kN/m®> | MPa GPa /
o Slightly
I amphibolite : 90~100 |26.5~28.0| 1.6~1.8 |1.1~1.2 | 11~13 | 0.15~0.2
weathering~Fresh
Weakly
amphibolite | weathered lower
section
- 70~90 |[25.5~26.5|1.0~1.1 |0.85~0.9| 6~8 |0.20~0.23
Il Granite
gneiss, Slightly
amphibolite weathering
gneiss
Weakly
amphibolite | weathered upper
section
\Y, Granite Weakly 50~70 |25.0~255|0.9~1.0 |0.8~0.85| 4~6 [0.23~0.25
. weathered upper
gneiss, .
.| section~ Weakly
amphibolite
: weathered lower
gneiss .
section
amphibolite| ~ Stronaly 8-15 |23.0~25.0| 0.3~04 | 05~06| 1-3 |025-0.3
weathering
v Granite
i Completely
gneiss, , / 22~23 [0.05~0.1| 0.4~05 | 0.1~0.5 | 0.3~0.35
amphibolite weathering
gneiss

Note: in the biotite-enriched section of granite gneiss and amphibolites gneiss, the rock (mass) mechanical

parameters can be reduced properly.

1.4.4 Natural Construction Materials

1.4.4.1 Soil Material Borrow Area
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The excavated earth of the intake is selected as the earth material source of the
impervious earth material of the cofferdam, and it is mainly composed of residual soil and
completely weathered clay with large thickness. According to the test results, the content of
soil particle with size larger than 5mm is less than 10%, and the content of the particle with
size less than 0.075mm is more than 60%, plasticity index is more than 10, and the maximum
particle size is less than 20mm, meeting the relevant provisions in Code of Natural Building
Material Investigation for Hydropower and Water Resources Project (DL/T5388-2007) , and
the permeability coefficient value is slightly larger than that specified in the aforesaid Code.
Comprehensive analysis shows that the soil material can be used as filling and impervious
materials of the Project. The soil material of about 80,700 m® is needed, the average
excavation thickness of the soil material is 7.0m, the estimated reserves is about 196,000 m°,
meeting the requirement of 1.5 to 2.0 times the project consumption. At the borrow area, there
are convenient conditions for the earth exploitation and transportation.

1.4.42 Rock Quarry at the Right Bank

The quarry is located along the open diversion channel and its vicinity at the right bank
of the dam site. According to the rock test results, the weakly to slightly weathered rock
strength is greater than 40MPa and there is no potential alkali reactive reactivity hazard at the
quarry, all physical and mechanical testing indicators meet the quality requirements for
concrete artificial aggregate and the reserves of the available materials in the quarry are 1.278
million m®. Since the quarry is close to river bank and the groundwater table is high, the
seepage water is likely to occur in the excavation of foundation pit, so adequate drainage
measures should be considered. The quarry is near the dam site, and the topography is flat,
resulting in good exploitation and transportation conditions.
1.4.4.3 Excavation Material

For the excavated material of the underground caverns, the lithology is mainly granite
gneiss, amphibolite gneiss and amphibolite, the uniaxial compressive strength of the weakly
weathered lower segment and the slightly weathered rocks is more than 40MPa, so the
excavated material can be used as concrete aggregate. But in the cavern excavated materials,
the weakly weathered upper section, the fault fracture zone and the rock stratum with high
biotite content are considered as unavailable interlayer, based on analysis, they account for
20% of the excavated materials.

No good natural gravel is distributed in the Project area, the concrete aggregate as

required for the Project can adopt artificial aggregate, and the excavated material can be given
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preference for the material source, the artificial aggregate for the early stage works can be
mined from the quarry at the right bank.
1.4.5 Assessment of Geological Hazard

The topography is flat at the Project area, landslides and debris flow are not developed,
and small sliding and collapse mass is distributed in local parts of the valley shore. In general,
the Project site is in the area where geological hazards are not developed and there is a small
risk of geological disasters. The geological hazards likely to be induced by the construction of
the Project include slope slump, tunnel collapse, water gushing and harmful gases, and the
geological hazards are medium to large. Therefore, the corresponding measures should be
taken for the sections with potential geological hazards during construction.

No active faults pass through the Project area, and no liquefied soil layer is distributed in
the dam foundation, so there are no problems of faulted bedding and sand liquefaction. The
terrains at the Project site is open and flat, the site is a favorable aseismic location, and the
main seismic geological disaster is slumping of the Project slopes caused by strong shock.

1.5 Project Scale
1.5.1 Normal Pool Level

In accordance with the results of the EIPL Report, in consideration of the reasons at the
aspects of topographic condition of the dam site and decrease of impacts on upstream Lake
Kyoga, the following principles are taken into account in determining the normal pool level of
Karuma HPP:

(1) The normal pool level of the Project shall ensure that the outlet of Kyoga Nile
River at Lake Kyoga will not be affected when the dam is subjected to design flood.

(2) That the power discharge can flow stably in power generation condition shall be
guaranteed.

According to the above principles and the early stage normal pool level outcomes, two
normal pool level alternatives are proposed in the Report, namely, 1028m and 1030m.
Through calculation by the river model established by HEC-RAS, the analysis results show
that for normal pool level of 1030m, the water level in flood flow and design flow conditions
is approximately the same as the original state. In addition, the reservoir area only extends to
35km upstream of the dam and does not reach Lake Kyoga.

Based on the review of the normal pool level outcomes, we recommend that normal pool
level should not exceed 1030m in order to ensure reservoir closing. Moreover, in

consideration of full use of hydroenergy resources in the condition that the water level at Lake
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Kyoga outlet is not affected, the normal pool level of 1030m is recommended for Karuma
HPP.
1.5.2 Dead Water Level

The reservoir drawdown depth of 2m in the previous research results is adopted and the
relevant parameters recommended in this stage are: the dead water level 1028m,
corresponding storage capacity 34.34 million m®, regulating storage 45.53 million m®, and the
reservoir has daily regulation performance.
1.5.3 Characteristic Water Level for Flood Control

At the dam site of Karuma HPP, the check peak flood flow is 4700m/s, the check flood
level is 1030m and the total storage capacity is 79.87 million m°.
1.5.4 Installed Capacity

With due consideration of river runoff, load demand of the power grid, construction
conditions and economic indicators of the Project, three schemes of installed capacity are
proposed in this stage, namely, 550MW, 600MW and 650MW. From the annual energy output,
the installed capacity schemes of 600MW and 650MW are superior, both more than 4.3
billion kW.h; from the annual operating hours of the installed capacity, the schemes of
550MW and 600MW are superior, 7000h and more; from the construction conditions, there is
small change with all schemes, thus, it is not taken as the restraining factor; from economic
indicators, the schemes of 550MW and 600MW have low investment per kW.h; when the
capacity and energy output requirements of the power system are met to the same extent, the
larger the installed capacity, the smaller the present value of total costs, and the decline is
slightly increased, thus, the schemes of 600MW and 650MW are superior. Therefore, the
installed capacity recommended in this stage is 600MW.
15,5 Rated Head, Unit Type and Number

According to the water head characteristics of the Project and correlation analysis, six
vertical shaft Francis turbine-generator units with unit capacity of 100MW and rated head of
60m are recommended for Karuma HPP at this stage.
1.6 Project Layout and Main Structures
1.6.1 Project Scale and Standard
1.6.1.1 Project Scale and Structure Grade

Karuma HPP with a total installed capacity of 600MW is developed mainly for power
generation. The main structures comprise the dam, water conveyance structure, powerhouse

and switchyard, etc. The normal pool level of the Project is 1030.00m and the storage
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capacity below normal pool level is 79.87 million m®. The dam with max. height of 14.00m is
located about 2.5km upstream from Karuma Bridge. With reference to the Chinese standards,
Classification & Design Standard of Hydropower Projects (DI5180-2003) and Standard for
Flood Control (GB50201-94), the Project falls within large-size (2) project and the main
structures (the dam and water conveyance and power generation structures) are designed as
Grade 2 ones and the secondary structures are designed as Grade 3 ones.
1.6.1.2 Flood Standard and Characteristic Water Level

Karuma HPP belongs to hydropower projects in plain, the main structures are of Grade 2
and the dam is concrete dam. In accordance with the Chinese standard, Standard for Flood
Control (GB50201-94), the recurrence interval of design flood for permanent water retaining
and water releasing structures is 100 years and the recurrence interval of check flood is 1000
years. For the main permanent structures of the water conveyance system, underground
powerhouse, switchyard and the access tunnel, the design standards for flood control are
200-year flood as design flood and 500-year flood as check flood.

In response to the requirements of the Tendering Documents of the Project, the
recurrence interval of the design flood of permanent water retaining and releasing structures
and powerhouse is 10000 years. And the flood standard and corresponding discharge adopted

for the main structures are shown in Table 1.6.2-1.

Table 1.6-1
Water retaining and releasing Downstream energy
Structure - Lo
Descrinti structure, fish passage structure, dissipation and
escription . . I
powerhouse anti-scouring facilities
Recurrence

Design flood interval (a) 10000 10000

Discharge (m’/s) 4657 4657

Flood Control Standard and Corresponding Discharge for Structures of Karuma HPP.

In response to the requirements of the Tendering Documents, the flood flow at
recurrence interval of 10000 years is 4700m°/s.
1.6.1.3 Seismic Intensity

The dam site area is located in Kiryandongo Region in northwestern Uganda. In
accordance with the preliminary report on seismic safety evaluation provided by Geological
Survey Department under the Ministry of Energy of Uganda, the bedrock horizontal seismic
peak ground acceleration at 10% exceedance probability in 50 years in the Project area is
0.14g, the bedrock horizontal seismic peak ground acceleration at 5% of exceedance
probability in 50 years is 0.18g, the bedrock horizontal seismic peak ground acceleration at

2% exceedance probability in 100 years is 0.29g, and the bedrock horizontal seismic peak
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ground acceleration at 1% exceedance probability in 100 years is 0.35g.

In accordance with the provisions of the Chinese standard, Specifications for Seismic
Design of Hydraulic Structures (DL5073-2000), for projects undergoing a seismic hazard
analysis, the probability level of the representative value of design earthquake acceleration for
water retaining structure shall be taken as exceedance probability within a reference period
100 years (P100) of 0.02, the bedrock horizontal seismic peak ground acceleration is 0.29g. In
response to the requirements of the Tendering Documents of the Project, the provisions of US
Army Corps of Engineers: Earthquake Design And Evaluation of Concrete Hydraulic
Structures (EM-1110-2-6053) is followed, thus, the operating basis earthquake acceleration of
the Project area is 0.14g (OBE), and maximum design earthquake acceleration is 0.29g
(MDE).
1.6.1.4 Slopes

The Project area has peneplain landform and the excavation for the Project will not form
large-scale slopes, there exists no large slope destabilization problem, the maximum heights
of the excavated slope of the intake and tailrace outfall are about 44m and 36m respectively
(calculating from the foundation pit bottom elevation). Except for the part with poor stability
above the weakly weathered line of the tailrace outfall, the slopes at other positions have good
overall stability and the use of conventional shotcrete and rock bolting support measures can
ensure the slope safety.

1.6.2 Selection of Project Damsite

According to the cascade hydropower development planning of the Nile River basin, the
dam site of Karuma HPP is located on the Victoria Nile River section between Lake Kyoga
and Karuma Waterfall, namely, latitude 2°15' north and longitude 32°15’ east, about 2.5km
upstream of Karuma Bridge. The tailrace outfall is located in the national park and is about
9km to the Karuma Bridge upstream. The selected dam site of the Project shall be able to
ensure the reservoir backwater will not affect the outflowing outlet of Lake Kyoga. In order to
control the reservoir-inundated scope, the maximum water level of the reservoir is determined
at El. 1030.00m. At the same time, due consideration was given to the Uganda traffic artery,
Masindi-Gulu Highway, and Karuma Bridge in the selection of the dam site to avoid the
impacts of the construction and operation of the Project on them. The “U”-shaped river valley
is located about 2.5km upstream of Karuma Bridge, the ground surface on both banks is flat,
the ground elevations of the right and left banks are about 1035m and 1055m respectively,

and the main riverbed is at El. 1023m or so. The lithology at the dam site is Precambrian
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metamorphic granitic gneiss, resulting in the topographic and geological conditions for the
construction of a low dam. Therefore, it is suggested to select the site approximately 2.5km
upstream of Karuma Bridge as the dam site of the Project.
1.6.3 Selection of Dam Axis and Type and Project Layout
1.6.3.1 Selection of Dam Axis

In bidding design stage, the dam axis provided in the Tendering Documents of the
Project Owner was adopted. According to such factors as the topographic and geological
conditions in the dam site area and the limit to maximum reservoir level, and in consideration
of the layout needs of the Project and construction diversion structures, the adjustable scope
upstream and downstream of the dam axis is limited. Based on the site investigation and
analysis results, in order to minimize the impact of the plunge sill on the dam foundation, it is
proposed to study the scheme that the dam axis is to be adjusted upstream. Since the upstream
adjustment distance of the dam axis is affected by the gully on the upstream side of the intake
at the left bank and the curved topography at the right bank, through preliminary layout and
analysis, the upward adjustment of 30m of the dam site is taken as the upper dam site for dam
axis comparison. Based on comprehensive comparison, it is recommended that the upper dam
axis should be taken as the representative dam axis in this stage for comparison of the Project
layouts.
1.6.3.2 Selection of Dam Type

Karuma HPP is a project mainly developed for power generation, with low head and large
discharge, and the design flood flow reaches 4700m*/s. In selection of dam type, considerations
shall be given firstly to facilitating flood releasing and energy dissipation and ensuring safe
flood discharging and meanwhile to taking into account the layout conditions of the water
conveyance and power generation structures as well as construction diversion and to
minimizing excavation and disturbance to the slopes at both banks. With comprehensive
consideration of the requirements of the earth-rock dam, the concrete overflowing dam and the
concrete gate dam for flood releasing, the topographic and geological conditions and the
adaptability of construction diversion, it is recommended in this stage that the concrete dam
should be taken as the basic dam type for the Project layout.
1.6.3.3 Selection of Project Layout

The Project area has a wide range with flat terrains. By comparisons of the headrace,
middle, tailrace powerhouse schemes, and in comprehensive considerations of comparison

results of the topographic and geological conditions, the Project layout and operational
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conditions, construction conditions, construction period and the Project investment, the
development mode with the powerhouse located upstream is recommended. The Project
complex is composed of the dam, water conveyance system and powerhouse. The tailrace
system is located in the national forest park. The dam is located about 2.5km upstream of
Karuma Bridge and comprises the gravity water retaining dam sections, the flood release
sluice, the ecological flow discharging outlet section and the fish passage. The water
conveyance system is composed of the intake, the headrace tunnel, tailrace adit, tailrace surge
chamber, tailrace tunnel and tailrace outfall. The underground powerhouse caverns are located
between the headrace adit and the tailrace tunnel, consisting of the underground powerhouse,
main transformer cavern, bus duct tunnel, cable-vert shaft and auxiliary caverns.
1.6.4 Design of Main Structures
1.6.4.1 Water Retaining Structure

The water retaining structure is composed of a gravity concrete dam with dam length of
118.94m, including 49.44m long left-bank retaining section, 34.50m long riverbed retaining
section and 35.00m long right-bank retaining section.

(1) Dam shape

The water retaining dam section is of gravity type, with crest elevation of 1032.0m and
crest width of 6.0m. The triangular section is used, the slope ratio of the downstream face is
1:0.7, with the starting point at the interface of the dam axis and normal pool level; a 1: 0.1
folded slope is set upstream, with the starting point at EI. 1028.0m. In which, No. 1 and 2
left-bank water retaining dam sections are arranged in combination with the power intake,
forming an included angle of 111.7° with the riverbed dam axis. The maximum height of the
water retaining dam section is 14.0m.

(2) Foundation treatment

For foundation treatment, main considerations are given to use consolidation grouting to
enhance the bearing capacity and integrity of the dam foundation rock mass and improve the
relaxationof bedrock after excavation. For consolidation grouting, it is planned that the
spacing of rows and holes is 3m and the hole depth is 3m. The bedrock in dam foundation
belongs to relative water-resisting layer, so there basically exists no seepage problem in dam
foundation. However, local fractured rock mass is likely to have relatively strong permeability,
therefore, it is considered to set a row of curtain grouting, with hole spacing of 2m and hole
depth of 6m taken as per 0.5 times the head.
1.6.4.2 Design of Water Releasing Structure and Energy Dissipation
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(1) Flood standard and characteristic water level

The flow of 10000-year flood is 4700m%s and the characteristic reservoir levels are as
follows:

Normal pool level: 1030.00m

Dead water level: 1028.00m

Design flood level: 1030.00m, corresponding downstream water level: 1028.00m

(2) Determination of weir crest elevation and gate opening size

In order to ensure good effects of water conveyance and sediment control as well as
flood releasing, in accordance with the measure 1:500 topographical map, in order to decrease
excavation and concrete backfill of the Project, through hydraulic calculation, the overflow
weir crest elevation is raised to 1022.00m (which was 1020.00m in bidding design stage).

Owing to small storage capacity of the Project, on the basis of meeting the general
project layout, the sediment discharging effects and the flow releasing capacity of the
structures shall be improved as far as possible by design to ensure the safe operation of the
Project. Based on the favorable dam foundation bedrock condition and low head of the
Project and considering from meeting functions, saving investment, facilitating and
accelerating construction, 10 flood release openings in size of 10.0mx8.0m each are
determined.

(3) Layout of flood releasing structure

The flood releasing sluice is arranged at the main riverbed, with a total length of 131.0m
and maximum height of 13.0m. It is divided into 10 dam sections and 10 gate openings are
arranged with orifice size of 10.0mx8.0m (WxH). The practical weir type is used and the weir
crest elevation is 1022.0m.

The trash sluice is arranged at the left of the flood release sluice. It is 13.5m wide, the
orifice size is 12.0mx4.0m (WxH), and the practical weir type is used with weir crest
elevation of 1026.0m.

The sediment sluice is arranged at the left of the trash sluice. It is 11.0m wide and 2
sediment openings are set, with a size of 3.0mx4.0m (WxH).

The ecological flow discharging dam section is arranged in the right-bank open diversion
channel. It has a full length of 20.0m and a height of 13.0m, and is equipped with two
ecological flow release opening, 4.5mx4.0m (WxH) in dimensions. The practical weir type is
adopted and the weir crest elevation is 1026.0m.

(4) Energy dissipation structures
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The energy dissipation mode by hydraulic jump is adopted for both the flood sluice and
the sediment sluice. The plunge pool, 45.0m long, 1m thick, is set downstream of the dam
with crest elevation of 1018.0m, and a 2.5m high tail sill at the tail end.
1.6.4.3 Fish passage structure

The fish ladder is arranged at the right of the ecological flow discharging dam section.
The dam section is 20.0m wide, the fishway is 320.0m in full length and 5.0m in width, slope
gradient i=5.5%, totally 97 partition plates are set, 8 resting pools are arranged for the whole
fishway and the slope gradient of the resting pools is 2.5%.
1.6.4.4 Water Conveyance Structure

In design, comprehensive evaluation was made for the scheme proposed in the EIPL
Report, and further comparative selection was conducted for the design scheme of water
conveyance structure as described below.

(1) Selection of intake position

Through comparison, in order to avoid the downstream diamond-shaped plunge sill area
with disadvantageous geological conditions, the upper dam axis was selected as the dam axis
and the corresponding position is translated upstream for 30m.

The power intake layout and the relative position of the dam remain unchanged, so, the
intake position was also subjected to comparative selection of upper and lower positions.
From the topographic and geological conditions, they have no difference, finally, in
combination with the recommended dam axis scheme, the overall intake structure (including
trash rack and gate tower) is also translated upstream to smoothly connect with the dam, thus,
the upper intake scheme was finalized.

(2) Determination of intake bottom plate elevation

In the scheme of the EIPL Report, the intake gate bottom plate elevation is 1016.45m. In
the Report, the intake bottom plate elevation was further checked and the results indicate that
the requirement for submergence in Gordon’s formula cannot be met and only when the
intake bottom plate elevation is further lowered, the requirement can be satisfied. So finally,
the selected elevation is 1013m and meanwhile, the bottom plate elevations of the forebay, the
trashrack and the gate tower are brought to the same level.

(3) Selection of sediment trap and discharging structures at the intake

In consideration of actual sediment accumulation and the measured topographic
conditions, the bottom elevation of scouring shifted to No. 4 dam section is raised and

accordingly, the sand-guide sill is arranged upstream of the intake to intercept the bedload and
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the sand-scour chute is set outside the sand-guide sill to realize smooth connection with the
scouring sluice of No. 4 dam section.

(4) Comparative selection of width of intake and trashrack orifice

In the EIPL Report, the intake has a total width of about 175.2m, 29.2m wide each,
6-opening trash rack is arranged with maximum orifice net width of 3.2m. In the Report,
comparison has been conducted for the intake narrowing scheme. Through comparison, the
total width of the intake front edge is narrowed to 144m, the width of single intake is
narrowed to 24m, the opening number of the trash rack is decreased from 6 to 3, and single
orifice has net width of 5m, thus, the new layout can meet the requirement of relevant
specification for the flow velocity through the trash rack, and reduce significantly the civil
works quantities of the intake, furthermore shortening the total width, can facilitate
improvement of the scouring effects. Finally, the intake narrowing scheme, namely, the
scheme of the front edge total width of 144m, is recommended.

(5) Selection of hydraulic tunnel section

In the EIPL Report, both the headrace tunnel and the tailrace tunnel adopt
horseshoe-shaped section for the four centers of circles. In this Report, comparison was made
for the flat-bottom horseshoe-shaped section. Based on comparison, if the flat-bottom
horseshoe-shaped section is used, the stress requirement of the lining structure can be satisfied,
the section layout can benefit the construction transport, and there is obvious advantage in
concrete construction of bottom plate. Therefore, the flat-bottom horseshoe shape is
recommended for the section of the hydraulic tunnel of the Project.

(6) Selection of layout scheme of tailrace surge chamber

In the EIPL Report, a gallery-type tailrace surge chamber with length, width and height
of 200m, 20m and 29m respectively is arranged vertical to the tailrace adit and there are three
surge tunnels with a diameter of 12m and respective length of 2000m, through check, most
space of these tunnels are located below the minimum surge level of surge chamber, which
results in huge waste. In the Report, the alternatives of the simple surge chamber and the
throttled surge chamber composed of two hydraulic units are proposed. Based on comparison,
the simple surge chamber scheme is recommended, meanwhile, the main gallery body is
reserved, the bottom plate of the surge chamber is lowered down for about 20m, and the surge
tunnels are cancelled, at the same time, according to Thomas Criterion and result of
transition-course calculation, the section size of surge chamber is enlarged, and 30m thick

rock separation pier is added between the two hydraulic units to ensure hydraulic
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independence and facilitate construction of the Project.
(7) Determination of tailrace bulkhead gate position

In the EIPL Report, the tailrace bulkhead gate is arranged in combination with the main
transformer tunnel. In the Report, for a series of disadvantages of the scheme proposed in the
EIPL Report, such as construction interference to main transformer tunnel, increased size of
main transformer tunnel, limited gate maintenance condition, increased drainage pressure of
powerhouse, a scheme that a tailrace bulkhead gate arranged in the tailrace surge chamber
was proposed for comparative selection. Through comparison, the scheme of the tailrace
bulkhead gate in tailrace surge chamber is recommended.

(8) Determination of tailrace adit length

In the scheme of the EIPL Report, the tailrace adit is about 273m long. In the Report,
through hydraulic transition check, the draft tube minimum negative pressure is -4.46m,
although it remains within the allowable range, the safety margin is small. With
comprehensive consideration of such factors as the plane layout of tailrace adit, the
topographic and geological conditions, and the distance between the tailrace surge chamber
and the main transformer tunnel, the tailrace adit length is shortened to about 154m in the
recommended scheme. And the calculation indicates that the minimum negative pressure at
the draft tube inlet is4.22m, with large safety margin.

(9) Selection of overall layout scheme of tailrace outfall

In the scheme of the EIPL Report, the tailrace open channel has a total length of 140m
and 2 tailrace outfall adopt non-linear layout to keep away from the gully on the topographic
map, and the open channel bottom plate adopts gentle slope without gradient variation from
bottom to top to link the riverbed downstream. In the Report, in the light of the topographic
and geological conditions, an alternative is proposed. The comparative selection is on the
principle of lessening the excavation zone of the tailrace area, lowering the tailrace slope
elevation, trying to make more reasonable overall layout of tailrace outfall and setting such
structures as maintenance shaft and gate slot at the tailrace outfall. Through comparison, the
scheme proposed herein is taken as the recommended scheme.

(10) Description of design scheme of water conveyance structure of the recommended
scheme

The water conveyance structures comprise the power intake, the headrace tunnel, the
tailrace adit, the tailrace surge chamber, the tailrace tunnel and the tailrace outfall. The layout

of “6 tunnels for 6 units” is adopted and through tailrace regulation, the tailrace surge
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chamber combines the tunnels into 2 long tailrace tunnels for outflowing. In the longest 1#
water conveyance system pipeline, total head loss is 9.49m, meeting the requirements of the
Tendering Documents. The transition-course calculation check indicates that the governing
stability parameters including maximum pressure rise of the spiral case of the water
conveyance system and the unit maximum speed rise rate are both within the required range
of the Tendering Documents.

The intake adopts the bank-tower type structure and is mainly composed of the trash rack
section, bellmouth, and gate tower. The front edge has a total width of 144m, the tower is
20.5m high, the sand-guide sill with crest elevation of 1026m is set about 23.5m upstream of
the intake. The bottom plate elevation of the intake is 1013m, meeting the requirement for
submergence. The calculation and check indicate that the intake has good overall stability.

Each headrace tunnel is 391.53m~380.46m long, with a spacing of 21.95~25.5m. The
headrace tunnel comprises the upper horizontal transition section, the vertical shaft (including
the upper and lower bend sections) and the lower horizontal section, with an inner diameter of
7.7m. The shaft adopts circular section, the horizontal section is of flat-bottom
horseshoe-shaped section for the convenience of construction. In order to minimize the head
loss, reinforced concrete liner is used for the whole tunnel and steel plate liner is arranged at
the upper and lower bend sections and 25m-long section upstream of the powerhouse so as to
decrease erosion due to flow impact and enhance the anti-seepage capability of the tunnel
section adjacent to the powerhouse.

The tailrace adit starts from the draft tube extension section, with a length of
154.53m~153.73m, the distance between adit axises is 26,5m, its excavation and lining
section are the same as the lower horizontal section of the headrace tunnel.

The end of the tailrace adit is connected with the tailrace surge chamber, which adopts
simple gallery-type layout pattern and is divided into two independent surge chamber units,
145m long each and with 30m thick rock separation pier in the middle. At its upper part, a
ventilation and access tunnel is branched from the access tunnel, the tailrace bulkhead gate is
arranged at the upstream side in the tailrace surge chamber. The surge chamber section area is
larger than the calculated stable section based on Thomas Criterion, the maximum and
minimum surge levels are both controlled in the suitable range, and the surrounding rocks in
the surge chamber has good overall stability.

The tailrace surge chamber is followed by 2 tailrace tunnels with respective length of
about 8544.79m and 8451.41m. They adopt flat-bottom horseshoe-shaped section and
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reinforced concrete liner is adopted for the full length of the tunnel. In which, thin lining for
decrease of roughness is designed for Class Il and Class Il surrounding rocks, the lined
tunnel has a diameter of 12.8m, the spacing of the center lines is about 80m, after the
horizontal turning at the end, the spacing of center lines is decreased to 50m through to the
tailrace outfall. Based on check, the selected tailrace tunnel excavation section can meet the
stability requirement of surrounding rock and the designed liner is thick enough to resist the
internal and external water pressure.

The tailrace open channel is arranged at the tailrace outfall, and the width is expanded
from 64m to 100.29m, and the full length is about 80m, its tail end links the original river
channel, and a 3m-high concrete sand-guide sill is set. The slopes at the tailrace outfall have
poor behaviour, but if the excavation slope ratio is made gentle together with conventional
systematic shotcrete and bolting support means, the slope safety can be ensured.
1.6.4.5 Powerhouse and Switchyard

The underground powerhouse is arranged about 80m underground at the left bank about
350m to the Kyoga Nile River bank. The powerhouse longitudinal axis orientation is N39°W.
Six 100MW turbine-generator units will be installed in the powerhouse, and installed capacity
totals 600MW.

The erection bay, the units bay and the auxiliary powerhouse are arranged in the same
line. The powerhouse cavern is 21m in width and 226.5m in full length, including 45m for the
erection bay, 156.5m for the units bay and 25m for the auxiliary powerhouse. The powerhouse
setting elevation is 15m lower than that in the Tendering Documents for the sake of
optimizing the tailrace surge chamber and the surge tunnel. Since the surge tunnel is relatively
long in the Tendering Documents and the surge regulation function is limited, comparative
selection has been conducted for the tailrace surge chamber and surge tunnel layouts herein
and in the recommended scheme, it is necessary to lower the elevation of the tailrace surge
chamber bottom plate and the tailrace tunnel between the powerhouse and the tailrace surge
chamber, so, the powerhouse setting elevation is lowered by 15m accordingly. The rail beam
of original pedestal bridge crane is changed into rock-bolted crane beam to decrease the
powerhouse span and put the bridge crane into operation as soon as possible.

The main transformer cavern is arranged about 40m downstream from the main
powerhouse. It is 14.5m in width and 198m in full length, including 126m-long GIS section. 7
sets of 3-phase transformers are arranged in the main transformer cavern. 6 bus duct tunnels

and one access and cable tunnel are set between the main transformer tunnel and the main
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powerhouse. Based on the considerable engineering experience and the calculation results

with finite element method for the underground caverns, the distance between main
powerhouse and main transformer tunnel is adjusted from 50m to 40m, and the length of the
bus duct tunnel is shortened accordingly, so that the bus duct length can be shortened, the
excavation and support quantities of the bus duct tunnel can be decreased and the project
costs can be reduced.

Two 400kV cable-vert shafts are arranged 25m downstream from main transformer
cavern, the shafts are about 110m high, the diameter of the shaft net section is 10m, full face
adopts concrete liner with lining thickness of 0.8m. The outgoing line cable shaft, the exhaust
shaft, ladder and fire elevator are arranged inside the cable-vert shaft.

The 400kV ground switchyard is arranged above the powerhouse, at EI. 1060m or so, the
site size is 230mx85m. In the site, there are the outgoing line truss and the control building,
etc.

1.6.5 Main Engineering Quantities
The hydraulic structure items and bill of quantities are shown in Table 1.6-1.

Bill of Quantities for Main Hydraulic Structure Works of Karuma HPP

Table 1.6-1
Powerhouse Waterway
No. Item Unit| Dam Powerhouse|Switchyard Watersg:/(;?evmeyance Total
1 Earth excavation m° 10642 | 18377 55000 829248 913267
2 Rock excavation m° |122578] 5878 44705 306366 479527
3 Rock excavation for m3 1000 25770 26770
channel

4 | Rock excavation for shaft | m’ 29282 29360 58642
5 | Rock excavation for tunnel | m’ 525296 3385541 3910837
6 Rock backfill m° | 13326 63940 77266
7 | Dry-laid/grouted rubble | m’ 5000 3966 8966
8 Concrete m° | 61044 | 107280 18363 440065 626752
9 Shotcrete m’ 9682 212 25396 35290
10| Steel mesh and shotcrete | m’ 3617 605 49723 53945
11| Consolidation grouting m | 2495 6522 105903 114920
12 Curtain grouting m | 1151 15770 1901 18822
13 Backfill grouting m’ 8491 219012 227503
14 Rebar t | 1552 9173 825 36941 48491
15 Steel products t 142 64 1077 1283
16 Anchor rod Piece| 828 67260 775 219699 288562
17 Anchorage cable Piece 270 103 373
18 Drainage hole/pipe m 106852 898 16547 124297
19 Pipe roofing m 17280 17280
20 Copper seal m | 858 700 100 906 2564
21 PVC waterstop m | 2638 700 100 53758 57196
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1.7 Electro-mechanical and Hydro Metal Structure

1.7.1 Hydraulic Machinery

Karuma HPP has rated head of 60m and Francis turbine-generator unit is chosen, with a
total installed capacity of 600MW (6x100MW).
1.7.1.1 Selection of Turbine

The proposed parameters of turbine are shown in the table below.

Description Parameter
Model of turbine HL (273) -LJ-445
Rated head (m) 60
Rated output (MW) 102
Max. output (MW) 112
Rated flow (m*/s) 182
Max. flow (m?/s) 203
Rated speed (r/min) 142.9
Diameter of runner (m) 4.45

1.7.1.2 Selection of Generator Parameters

Major basic parameters of generator matching the turbines are listed as follows:

Description Parameter
Model of generator SF100-42/9400
Rated power(MW) 100
Power factor 0.9
Rated voltage(kV) 11
Rated current(A) 5249
Power factor 0.9
Rated speed(r/min) 142.9
Type of cooling Air cooling

1.7.2 Electrical Works

In accordance with the Project grid-connection system scheme specified in the Tendering
Documents, 400kV and 132kV voltage grid-connection systems are adopted for the Project.
There are three circuits of 400kV outgoing lines, in which, two circuits are connected to
400kV Kawanda Substation, one circuit is stepped down to 132kV and connected to the
Substation at the Project area. There are four circuits of 132kV outgoing lines, in which, two
circuits are connected to 132kV Lira Substation, and the other two circuits are connected to
132kV Olwiyo Substation.

In accordance with the requirements specified in the Tendering Documents, Single line
scheme is shown as follows: the unit connection is adopted for generator and transformer.
Three-phase two winding-step-up power transformer is adopted for main transformer, with
voltage at high and low voltage sides of 400kV and 11KV respectively. Indoor GIS equipment
is provided for 400kV power distribution unit while outdoor switchgear is provided for
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132kV power distribution unit. Double bus configuration is adopted for the connections at
400kV and 132kVsides.

Auxiliary power for the Project is provided with two voltage levels, i.e., 11kV and 0.4kV.
One circuit of 11kV power source is made available from the 11kV side of the 132kV high
voltage station service transformer, while the other two circuits are from the diesel generating
set.

Auxiliary powerhouse for the electrical equipment is arranged at the right side of main
machine hall. The main transformer is set at the main transformer tunnel at El. 947.55m.
400kV GIS equipment is set on the third floor of main transformer tunnel and laid along the
vertical shaft via 400kV high voltage cable to the ground switch yard. Karuma HPP 132kV
Substation is arranged at top left corner of 400kV outgoing switch yard.

1.7.3 Control, Protection and Communications
1.7.3.1 Control

The computer system-based supervisory control mode for the whole power plant is
adopted for Karuma HPP. The operators on duty fulfill centralized supervisory control for
turbine-generating units, main transformer, station service transformer, 420kV switchgear,
132kV switchgear, 11kV switchgear, 400V incoming line, section switch, medium and low
pressure compressors, dewatering pump for unit maintenance, leakage drainage pump at plant
and gates at dam area via color screen display of computer-based supervisory control
system set on the control desk in the central control room, mouse and keyboard.

A large screen projection system is arranged in the central control room of the central
control building in ground switchyard. In addition, equipment emergency shutdown and
manual control button for falling gate are also considered. The manual emergency control
button is only used in case of abnormal conditions such as equipment testing and maintenance
or test run after accident.
1.7.3.2 Protection

Main protection and backup protection are provided with the units, main transformer,
auto-transformer, 420kV line and busbar protection. The independent current circuit is set
between main protection and backup protection. Each set of protection is fitted with
independent voltage input circuit, trip output circuit and DC power source.

Microcomputer-based device is adopted for protection devices.

Two serial communication interfaces are available for the protection devices. One is

used for communications with computer supervisory control system and the other is used for
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communications with PC machine and debugging.
1.7.3.3 Communications

The Project is connected with Lira Substation at the power system side via two 132kV
outgoing lines, with a total line length of 76km; the Project is connected with Olwiyo
Substation at the power system side via two 132kV outgoing lines, with a total line length of
55km; the Project is connected with Kawanda Substation at the power system side via two
400KV outgoing lines, with total line length of 248km. After completion of the Project, the
combined dispatching will be fulfilled by Uganda national and local dispatching centers and
relevant dispatching information will be sent to national and local dispatching centers. OPGW
is set up synchronously on 132kV and 400kV lines. The STM-4 SDH optical communication
equipment in the central control building of the ground switchyard of the Project is connected
to the optical fibre communication network of the electric power system via OPGW optical
cable, so that the Project will constitute a node of optical fibre communication network in
Uganda power system and the optical fibre channel of the Project goes to the substation at the
other end of the power system and then connects with Uganda national and local dispatching
centers through the trunk network of the regional grid. Optical fibre communication provides
main and spare channels for system communication, protection and automation information
transmission.

One set of PDH optical communication equipment is set respectively at the
communication equipment room inside the central control building on the ground switchyard
and the intake gate hoist house, and they make up of a network through two 24-core ADSS
optical cables set up on two circuits of 1km-long 11kV overhead lines. The Project is fitted
with production dispatching exchange system, wireless walky-talky system and public
addressing broadcast intercom system, which are used as system dispatching, in-plant
production dispatching and production management communications.

1.7.4 Heating, Ventilation and Air Conditioning

Mechanical ventilation is mainly adopted for underground powerhouse, supplemented
with air conditioning or dehumidification, so as to meet the requirements of normal operation
of equipment and personal health.

For the surface structures where persons stay for long periods, air-conditioning system is
considered, so as to meet the requirements of personnel health and comfort level. Natural or
mechanical ventilation is available for equipment rooms, so as to meet the requirements of

normal operation of equipment.
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For the secondary control equipment rooms with higher temperature requirement, air-
conditioning system is provided.

For the rooms with emission of harmful gas or fire dangerous gas, independent air
exhaust system is provided, which shall satisfy the anti-corrosion and explosion proof
requirement.

1.7.5 Hydro Metal Structure

Karuma HPP is mainly for power generation and also for flood control and the Project
complex is equipped with flood releasing system and water conveyance and power generation
system. Corresponding hydro metal structure equipment is equipped with each system.

68 openings are provided with 52 trash racks and gates of the Project, with a total
quantity of 3450t.

1.8 Fire Control Design

Fire control design follows the principle of “Putting Prevention First, Combining
Prevention with Elimination”. Advanced fire prevention technology is adopted for specific
conditions of the Project, so as to guarantee safety, convenience, cost-saving and
reasonability.

On the basis of compliance with the Tendering Documents and relevant flood control
specification, automation level of each system is reasonably determined, so that fire alarm,
monitoring and system automation level can meet the specific requirements of the Project,
and early fire discovery and alarm can be realized to prevent and decrease fire hazards, and
protect personal and property safety.

1.9 Construction Planning
1.9.1 Construction Diversion
1.9.1.1 Diversion Method

From the topographic, geologic and hydrological conditions, both banks at the dam site
have lower terrains, and the river has big perennial flow and torrential current, therefore, it
is not good to adopt tunnel diversion and stage diversion. However, the topography at the
right bank of the dam site is gentle and bedrock is partly exposed, so the diversion by open
channel is suitable. Considering the fact that the project has smaller variations in riverbed
flow in dry and rainy seasons, in addition, the dam and diversion intake are arranged nearby,
while the water conveyance and power generation system works is an item of the construction
critical path, the method of water retaining by full-year cofferdam and diversion by the open

channel at the right bank is adopted for the Project.
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1.9.1.2 Diversion Standard

(1) Diversion standard

As specified in the Tendering Document, the diversion standard is 25-year flood in the
whole vyear, the corresponding peak flood flow is 2500m*s and the corresponding
downstream flood level is 1022.77m.

(2) Diversion procedures and phase division

Phase-1 diversion: form the 3 month to the 8" month: water is retained by open
diversion channel sub-weir, flood is released through natural riverbed, and the construction
will be conducted for the open diversion channel and the water retaining dam section at the
right bank. The open diversion channel sub-weir will be removed before the 9" month and the
open channel is available for overflowing.

Phase-2 diversion: form river closure in the 9™ month to the 43" month: water is retained
by upstream and downstream major cofferdams, flood is released through the open diversion
channel at the right bank, and construction will be carried out for the flood sluice dam section
and the scouring sluice dam section at the riverbed and the water retaining dam section at the
left bank. The construction of the dam outside the open diversion channel will be completed.
And the major upstream and downstream cofferdams at the riverbed are to be removed in the
44" month.

Phase-3 diversion: form the 44" month to the 53" month: water is retained by completed
dam, flood is released through the flood sluice dam section. Protected by blocked cofferdams
upstream and downstream of the open diversion channel, the open diversion channel section
and the fishway at the right bank will be constructed. All remaining dam sections will be
concreted and the reservoir impoundment will be started in the 53" month.

The Planning of construction diversion procedure is shown in Table 1.9-1.

Planning of Construction Diversion Procedure

Table 1.9-1

Ll oy
UPQLI oarmt

(W WIL T2\
vvaLll

: oM —
Diversion phase | 3™ month ~ 8" month River closurze in9 month 44™ month ~ 53" month
43™ month

Water retaining |Open diversion channel Major cofferdam at| Dam, upstream and

. upstream and downstream|downstream cofferdams of
structure sub-weir .

of riverbed the channel
Desi | Frequency Whole year 4% Whole year 4% Whole year 4%
gn
stan (FrL%‘;‘;) 2500 2500 2500
dard
Discharging Natural riverbed Oper_1 diversion channel at Flood sluice dam section
structure the right bank
Aotran v 1022.77~-1027.14 102000 102000
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level (m)

Downstream 1022.77 1022.77
water level (m)

Constructing flood sluice
and scouring sluice dam|Constructing open diversion
sections at riverbed and|channel dam section at the
retaining dam section at the | right bank

left bank

Constructing the open
diversion channel and
retaining dam section at
the right bank

Remarks

1.9.1.3 Diversion Structure

(1) Design of open diversion channel

The open diversion channel is arranged on the right bank, where there is gentle
topography, the overburden thickness 1~4m locally, the bedrock at the lower part is gneiss,
mainly of weakly weathered rock mass, and the rock mass has weak permeability. No large
scale fault has been found passing through and the excavated slope has overall stability, so the
geologic condition is better. The diversion channel is formed by excavation and after
excavation, the bedrock at the channel bottom is mainly slightly weathered, the rock mass has
good integrity and strong anti-scouring capability. The excavation slope for rock and
overburden is 1: 0.3 and 1: 1 respectively, the channel is supported mainly by bolting and
shotcrete. The left side concrete guide wall and the right side reinforcing gabion guide wall
are set at partial low-lying positions.

The design standard of the diversion channel is as follows: peak flood flow for 25-year
flood in the whole year is 2500m*/s, the rock sill before the diversion channel inlet is at EI.
1024.00m, the inlet and outlet approach channels are at El. 1021.00m and EIl. 1019.00m
respectively, the channel body is 401.11m long and the bottom width is 40.00m, random
shotcrete and bolting support is adopted for the channel, with a average base slope of 0.50%.

(2) Temporary sub-cofferdam for diversion channel

During the construction of the diversion channel, a rock sill is reserved at the intake and
outlet for water retaining, in which, the rock sill at the intake has a top elevation of 1026.00m
and the rock sill at the outlet has a top elevation of 1023.3m. The rock sill will be excavated
after the completion of the main works of the open channel. At the riverbed side of the
channel is a temporary sub-weir of the channel, with top elevation of 1026.00m and top width
of 6m. The earth and rock cofferdam structure is adopted for the sub-weir and rock blocks are
used for the protection of the upstream face with a slope ratio of 1:1.7 and the slope ratio of
the downstream side is 1:1.7. Clay is used for anti-seepage above EI.1023.50m.

(3) Design of main cofferdams upstream and downstream of the riverbed

In Phase-2 diversion, earth and rock cofferdam structure is adopted for the cofferdams
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upstream and downstream of the dam, and the peak flood flow, 2500m*/s of 25-year flood in
the whole year is taken as the design standard. Upstream cofferdam has top elevation of
1032.00m and crest width of 10m. The upstream side is protected by rock blocks. At the right
bank side of the upstream cofferdam within a range of 50m, the upstream face above El.
1025.50m is protected by reinforcing gabion. The slope ratios of the upstream and
downstream sides are 1:2 and 1:1.5 respectively. The 4m-wide berm is set at El. 1025.50m.
Curtain grouting is adopted below EI. 1025.50m and clay is used for anti-seepage above EI.
1025.50m. Downstream cofferdam has top elevation of 1023.30m and top width of 6m. The
upstream side is protected by rock blocks. The slope ratio is 1:1.7 at upstream side and 1:1.5
at downstream side. The 2m-wide berm is set at EI.1020.00m. Curtain grouting is adopted
below EI.1020.00m and clay is used for anti-seepage above EI.1020.00m.

(4) Design of upstream and downstream cofferdams for channel block-off

The earth and rock structure is adopted for the open channel inlet and outlet cofferdams
in Phase-3 diversion, and the design standard is peak flood flow of 2500m®/s of 25-year flood

for the whole year. The inlet cofferdam has top elevation of 1032.00m and top width of 6m,

and the rock block is used for protection of upstream face. The slope ratio is 1:2 at upstream
side and 1:1.5 at downstream side. The outlet cofferdam has top elevation of 1023.30m and
top width of 6m, and rock block is used for protection of upstream face. The slope ratio is
1:1.7 at upstream side and 1:1.5 at downstream side. The clay sloping core is used for
anti-seepage of the upstream face of cofferdam.

(5) Cofferdam at tailrace tunnel outlet

The tailrace tunnel outlet needs to be constructed on dry land. In accordance with
topographic and geologic conditions, the (earth dike) rock sill is reserved for the cofferdam at
tailrace tunnel outlet and temporary cofferdam is filled by rock ballast above the outlet water
surface line, in addition, the position close to the riverbed is protected by rock blocks. The
cofferdam has top elevation of 962.00m, top width of 5m and the slope ratio is 1: 1.7 for both
sides. Cement grouting is adopted for anti-seepage below EIl. 960.00m and clay is used for
anti-seepage above EI. 960.00m.
1.9.1.4 River Closure

Time for river closure shall be chosen in consideration of such factors as river closure
difficulty and cofferdam construction. The time with less flow is helpful to decrease river
closure difficulty and ensure smooth progress of river closure works. Considering the fact that
river closure time of the Project is restricted by the construction of diversion channel dam
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section, coordination shall be made between river closure and anti-seepage construction. The

Project is scheduled to fulfill riverbed closure in early September, and the adopted river
closure method is successively narrowing the single closing dike from the left bank to the
right bank for closing. The closure material mainly comes from excavated material or quarry
material. Before closure starts, sufficient rock blocks with specified dimension shall be stored
on both banks. The closing dike has top elevation of 1027.00m and top width of 15m.
1.9.15 Gate Lowering down and Impoundment

After completion of concreting of dam section inside the diversion channel, water
retaining and impounding conditions are provided. Impounding is scheduled to be carried out

in the 54™ month. The Project has storage capacity of 79.87 million m® at normal pool level,

based on average monthly flow of 1036m®s, the ecological flow discharging downward is
50m?/s, in addition, in Phase-2 diversion, the riverbed water level is above the spillway top,
therefore, water impounding needs only about 10 hours.
1.9.2 Planning of Material Sources

The Project has total open excavation of earth and rock of 1.7196 million m?, total tunnel
excavation of rock of 4.1943 million m®, total concrete pouring of 663200 m®, shotcrete of
100000 m®, total clay filling of cofferdam of 53800 m® and other total filling of 191400m°.
The Project excavation material constitutes a major source of concrete aggregate and fill.
Both quantity and quality satisfy the requirements, and material source balance is shown in
Table 1.9-2.

Analysis on Excavated Material Utilization of the Project

Table 1.9-2
Volume of| Comprehensive | Construction |Ratio of Eg(ﬁj a;zted of g)?ézlvate q
Description u'[ilizatior!5 utilization rate | utilization |useful useful section | volume
0 .
(10000 m*) (%) factor material (10000 m?) (10000 m?)
6# Construction adit 3.22 59.6% 0.90 0.80 4.47 5.40
7# Construction adit 1.14 29.5% 0.90 0.80 1.59 3.87
Access tunnel 5.79 49.4% 0.90 0.80 8.04 11.72
Ventilation and| 1 6 30.3% 0.90 0.80 2.33 4.27
emergency tunnel
Diversion channel 5.26 28.8% 0.90 0.80 7.30 18.26
Caverns at plant area 26.72 72.0% 0.90 0.80 37.12 37.12
Tailrace and ~water| 5, 5 6.6% 0.90 0.80 340.2 340.2
conveyance system
Total 66.32 401.04 419.43

For the Project, the location of the diversion channel at the right bank of the dam site is
chosen as the aggregate yard at early stage, i.e., along the side wall at the right side of the

diversion channel, from the channel inlet to outlet. In order to keep away from the diversion

1-39




Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

channel, dam abutment and the downstream spoil area, the aggregate yard is divided into the
yards upstream and downstream of the dam, and both are about 50m away from the dam axis
and the left side is 50m away from the diversion channel and the right side is bordered by the
land requisition red line. The aggregate yard upstream of the dam is about 430m long and
about 120m wide, with an area of about 51600 m?. The aggregate yard downstream the dam is
about 280m long and about 120m wide, with an area of about 33600m>.

For the Project needs a small amount of earth material, so the excavated earth of the inlet
at the left bank is used as earth material source. In accordance with the design scheme, about
80700 m® of earth material is needed. Based on the specification, consideration should be
given to 1.5~2.0 times the consumption in this stage, so 161400 m® is needed. The borrow
area is about 250m long and about 120m wide, with an area of about 28000 m?, average
exploitable thickness of 7.0m and estimated reserve of about 196000 m® (useless layer is
excluded), which meets the requirement of the Project.

1.9.3 Construction of Main Works
1.9.3.1 Construction of Dam

The dam is mainly composed of the gravity water retaining dams at both banks, the flood
sluice dam section at riverbed, the sand flushing bottom outlet dam section and fishway, with
total crest length of about 314.44m. Construction mainly includes open excavation of earth
and rock, concrete pouring for dam, installation of gates and hoists. Main quantities include
open excavation of earth and rock of 133200m?, concrete of 25000m°, rebar of 1552t, 828
rock bolts and grouting of 3646m.

The foundation pit and abutment on the left bank are excavated in combination with
intake excavation. The construction roads mainly include the construction branch roads
leading from the dam access road to the working faces. The foundation pit construction area is
accessible by use of the upstream cofferdam slope in the foundation pit. The movable air
compressor is adopted for air supply during construction. During excavation, the catch drain
is excavated around the excavation area in advance to prevent foreign rainwater from going
into the working surface. In the construction of the foundation pit, the sump well and the
drainage ditch shall be excavated before excavation of each layer.
1.9.3.2 Construction of Water Conveyance System

There are altogether 6 headrace tunnels, in the layout of one unit in one tunnel. The
length of the tunnels is about 380.82~363.89m and horizontal projection length is about
315.04~298.11m. The tunnel axes are arranged in parallel and 26.5m apart. After lining, the
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tunnels are 7.7m in inner diameter. The headrace tunnels mainly include upper horizontal
section, shaft and lower horizontal section. Reinforced concrete lining is adopted for the
headrace tunnels and steel lining structure is adopted for upper and lower bending section of
shaft and the 25m-long section before the powerhouse. The intake construction includes earth
excavation of 398500m3, rock excavation of 121800m3 and trough excavation of 25800ms3,

and the excavation of the shaft and horizontal tunnel section totals 141000m3, and concrete

totals 107600m3.

Open excavation of earth and rock at the intake is made in combination with abutment
excavation layer by layer, slope support is conducted while excavating. Trough excavation is
adopted for the upper horizontal section of the headrace tunnel and the support of rock bolting
and shotcrete is used for slope support. For the headrace shaft, the raise-boring machine is
adopted to form the pilot shaft with dimension of 1.4m. After formation of the pilot shaft,
expansion excavation is made by drilling and blasting method from top to bottom to enlarge
the diameter of pilot shaft from 1.4m to 3.0m, then full face expansion excavation is
conducted for the shaft. The expansion excavation is made by manual pneumatic drill,
charging explosive manually and smooth blasting is done for the periphery. WA380 rollover
loader is fitted with 15t dumper for mucking out.

Steel lining for the bending section of the shaft is welded at steel pipe processing plant,
and carried by flatbed truck from the shaft top, and the steel pipe is put into right position and
then installation is conducted from bottom to top. Concrete backfill is constructed in
coordination with steel lining erection schedule, and concrete is carried by 6m® concrete
mixer truck to upper part of the shaft, then is unloaded into concrete horizontal tank and
placed into the placement block by the hoist arranged at the tunnel top through the
discharging cylinder, with manual vibration and pouring. Sliding formwork construction is
adopted for shaft concrete lining and steel mould trolley is used for upright formwork pouring
for concrete lining in the lower horizontal tunnel section. The continuous placement in blocks
is adopted for the intake tower. For the formwork of the transition section, the standardized
formwork fabricated in the processing plant is set up for concreting.
1.9.3.3 Construction for Tailrace System

The construction of the tailrace tunnel requires the following: open earth excavation
213000m3, open rock excavation 135400m3, tunnel rock excavation 2782800ms3, 163400
pieces of anchor rods, reinforcement manufacture and installation 32200t, shotcrete 61800m?,

concrete lining 274700m3, backfill grouting 182000m?, and consolidated grouting 61000 m2,
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(1) Construction of tailrace surge chamber

The tailrace surge chamber is a large-size cavern, 312m long, 21m wide and 66m high.
The surge chamber is divided into the left and right units, with 30m thick separation pier set
in the middle. In the middle of separate pier at EI. 943m, a 5m wide interconnected tunnel is
arranged. According to the layout of the construction adit, the surge chamber is excavated in 7
layers. The excavation method for each layer is the same as that for the powerhouse. The
layouts of construction adits for underground caverns are shown in the construction general
layout drawing.

The tailrace tunnel has a total length of about 8.5km and is constructed by 5#, 6# and 7#
construction adits and tailrace outlet. Each tailrace tunnel includes 6 working faces and is
constructed with the boring and blasting method. Min. excavated diameter of tailrace tunnels
is about 12.8m and full face excavation is difficult, so the two-layer excavation method is
adopted. In order to ensure concrete pouring schedule for tailrace tunnel, the interconnection
tunnel is set at a proper location between two tailrace tunnels. Concrete pouring for tailrace
tunnels is made in the form of “bottom plates first, and side and top arch last”. The steel
mould trolley is used for side and top arch formwork, concrete is transported with concrete
mixer truck to pouring place, then pumping to working face. Grouting follows concrete
construction closely.

The open excavation for tailrace outlet is conducted on the dry ground under the
enclosing of reserved earth embankment, layer by layer from top to bottom with the
construction method as that for the headrace intake.
1.9.3.4 Construction of Powerhouse Caverns

(1) Construction of underground powerhouse

The underground powerhouse is 226.5mx21.2mx56.5m (LxWxH) in dimension, and the
excavation volume is about 220 thousand m3. According to the layout of construction access,
the powerhouse is excavated in 6 layers from top to bottom, as detailed in Table 1.9-3.

Construction Layering for Main Powerhouse

Table 1.9-3
Elevation (m)
Layer From To Height difference Access
I 974.5 965.5 9 .
i 9655 9555 10 Ventilation and emergency tunnel
it 9555 946.5 9 Access tunnel to powerhouse
IV 946.5 940 6.5 P
\% 940 930 10 Diversion tunnel,1# construction adit
VI 930 918 12 Tailrace adit, 2# construction adit
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According to the whole schedule, total excavation period for main and auxiliary
powerhouses, assembly bay is 20 months, in which, 9 months for the first and second layers, 3
months for crane beam, 4 months for the third and fourth layers and 4 month for the fifth and
sixth month.

(2) Construction for Main Transformer Tunnel

Dimension of main transformer tunnel is 198mx14.5mx33/16.15m (LxWxH) and
excavation of four layers is planned, with detail layering details shown in Table 1.9-4.
Excavation for main transformer tunnel is the same with that for powerhouse.

Construction Layering for Main Transformer Tunnel

Table 1.9-4
Elevation (m)
Layer i Access
Y From To Height
difference
1 979.45 971.45 8 o
> 97145 966 S5 Ventilation and emergency tunnel
3 966 958 8 Access tunnel to powerhouse
4 958 9465 115 P

1.9.3.5 Construction of Switchyard

The switchyard is arranged above the underground powerhouse at ground elevation
1055m, with dimensions of 230x85m (WxH). The switchyard is provided with the central
control room, the relay protection building and the outgoing line platform. Total excavated of
earth and rock is about 99700m? and total concrete pouring is about 18300m°.

The switchyard is located in the ground near the powerhouse area with flat topography,
so the construction method is the same as that for the conventional industrial and civil
structures.

1.9.4 Construction Transportation
1.9.4.1 External Transportation

Karuma HPP, located near Kampala—Gulu Highway, has convenient traffic conditions
to Kampala and Gulu. Yet the important heavy equipment and construction material of the
Project will be transported to the site via Mombasa Island, the nearest port in Kenya.

Two main trunk roads from Mombasa to Karuma are shown as follows:
(1) The first route: Mombasa (Kenya) —Nairobi (Kenya) —Kisumu (Kenya) —Busia
(Uganda) —Ilganga (Uganda) —Jinja (Uganda) —Kampala (Uganda) —Karuma (Uganda,

the Project location). The road is in good condition, with two driveways as per national
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highway specification, and asphalt concrete pavement. Most of imported goods in Uganda are

transported via the route, which has good security assurance. The route has a total distance of
about 1475km, including 1190km from Mombasa to Kampala, and 270km from Kampala to
Karuma.

(2) The second alternative route: Mombasa (Kenya) —Nairobi (Kenya) —Torroro

(Uganda) —Mbale (Uganda) —Sororti (Uganda) —Lira (Uganda) —Karuma site (Uganda,

the Project location). The road from Mombasa to Sororti with asphalt pavement is in good
condition, about 1330km long in total. Yet the road from Sororti to Lira (300km) is in poor
condition. The poor road can be used as a second alternative of the Project.
1.9.4.2 On-site Transportation

(1) Permanent roads

There are 4 major permanent roads for the Project: (O the road from Karuma Town to the
portal of the access tunnel, about 2.6 km long, with min. longitudinal slope 0.3% and max.
longitudinal slope 4.6%, which is a permanent road at the site; @the road from the Project
Owner’s camp to the intake gate shaft platform, about 2.0 km long, which is a permanent road;
®the road from Karuma Town to the gate shaft platform of the tailrace outlet, 6.50km long in
total, with min. longitudinal slope 0.3% and max. longitudinal slope 5.5%, which is a
permanent road at the site; @the road from the portal of the access tunnel to the ventilation
and emergency tunnel portal, which is a permanent road at the site; ® the other on-site
permanent road with a full length of 1.0km. The on-site permanent roads are 12.63km in total.

(2) Temporary Roads

The major temporary roads at the site include the following: O the temporary road from
artificial aggregate system at the powerhouse area to the workers’ camp site, 2.32km long in
total; @ the temporary road at the right bank of the dam site, 1.32km long in total; ) the
temporary road leading to 6# construction adit portal, 1.26 km long in total; @ the temporary
road leading to 7# construction adit portal, 1.42 km long in total; and & other temporary road
at the site, about 3.0 km long in total. Other temporary roads are 9.32km in total. In addition,
there is one bridge over the open diversion channel, 50m long and 5m wide, in the structure of
Bailey bridge.
1.9.4.3 Transportation of Heavy and Large Cargos

The heavy and large cargos for the Project include runner, main transformer, rotor, stator
and cross beam of bridge crane. They are to be procured from China, transported by sea,
unloaded from Mombasa Port, Kenya, and then delivered to the site by highway transport and
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specific route is: Mombasa (Kenya) —Nairobi (Kenya) —Kisumu (Kenya) —Busia
(Uganda) —Iganga (Uganda) —Jinja (Uganda) —Kampala (Uganda) —Karuma (Uganda,

the project location) , with a total distance of about 1475km.

1.9.5 Construction Facilities

The Project is characterized by considerable tunnel excavation, short construction period
and high construction intensity. In order to meet the requirements for the concrete pouring of
the diversion channel, the concrete dam and the powerhouse as well as the lining of the
tailrace system, as per construction schedule and arrangement of roads, the pre-stage
aggregate processing system and the concrete system are arranged at the right bank. Two
aggregate processing systems and two concrete systems are arranged at the left bank
respectively. The aggregate processing system can meet the aggregate demands of all the
package projects, the concrete system at the dam site area can meet the concreting demands of
the structures at the dam site, and the concrete system at the tailrace area can meet the
concreting demands of the structures at the tailrace area. The capacity and main technical
indexes of the systems shall be designed according to the peak concreting intensity.

Other processing plants mainly include the comprehensive processing plant (for
processing of reinforcement and timber and concrete pre-casting), the machinery repair plant,
the motor maintenance station, and the prefabricated member processing plant, etc. Other
processing plants shall be distributed concentratedly and close to the traffic trunk line, so as to
facilitate management and logistics process. Yet due to long construction distance of the
tailrace system, the plants shall be arranged concentratedly by zone in combination with
construction adit planning. In addition, the systems for air supply, water supply and power
supply shall be set during construction.

1.9.6 Construction General Layout

On the basis of the construction site condition of the Project, comparative analysis is
made on the borrow area, the aggregate and concrete processing systems, the spoil area, major
construction facilities and the potential layout site in the Project Owner’s camp, a reasonable
and relatively better layout scheme for single item is initially chosen. Two general layout
schemes are proposed for the different layouts of the major spoil area, the concrete system of
main works and the warehouses of some construction facilities on the basis of above
analytical results. After comprehensive comparison and analysis on the arrangement of the
spoil area, the on-site access road, the construction facilities, the warehouse facilities, the

camp arrangement, land acquisition and resettlement, environmental protection, soil and
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water conservation and project management, the relatively concentrated arrangement scheme
is finalized.

(1) Planning of general layout

Based on the packages of the Project, the aggregate processing system for main works is
divided into two parts, i.e. the artificial aggregate system at the dam and at powerhouse
construction area and the artificial aggregate processing system at tailrace tunnel construction
area, in which, the former is located on flat ground, about 950m away from the access road,
with the concrete processing system for this Package set nearby for the convenience of
loading finished aggregate. The pre-stage aggregate processing system and the concrete
processing system are arranged on the bottomland at the right bank of the diversion channel.
The latter is located on flat ground above the intersection of 7# construction adit and the
tailrace tunnel, and a transfer material yard and the concrete processing system for this
Package are arranged nearby. The transfer material yard is mainly used as a source of stone
for processing artificial aggregate.

The spoil area in the scheme is arranged in concentrated way, with a floor space of about
385000m?, and it is near the aggregate processing system in the dam construction area, for
convenience of material processing and transfer. The slag stacking elevation of the completed
spoil area is about 1085.00m. Among all contractors for the Project, the management
personnel camp for the Chinese party is uniformly arranged in the Project Owner’s camp site;
the workers’ camps are arranged on the principle of combining concentration with
deconcentration based on the construction site of each contractor. The workers’ camps for the
dam and powerhouse works are arranged downstream of the left side of the underground
powerhouse top. The workers’ camps for tailrace tunnel construction contractors are arranged
near 6# and 7# construction adits and tailrace tunnel outlet. Major construction facilities and
warehouses at the dam and powerhouse area are arranged concentratedly near the dam site
area. While the construction facilities and warehouses of the tailrace tunnel construction
contractors are arranged near 6# and 7# construction adits and tailrace tunnel outlet.

(2) Planning of abandoned (stored) slag

For the Project, total earth and rock excavation is about 5.91 million m*Cnatural volume),
in which, 419 m® (natural volume) for tunnel excavation, 3 million m® (natural volume) for

total tunnel excavation of tailrace system, and total concrete pouring is 660 thousand m*. The
materials for concrete aggregate mainly come from excavated material. The Project has total

waste slag of about 6.50 million m3 (loose measure) and the planning of abandoned (stored)
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slag is shown in Table 1.9-5
Planning of Abandoned (Stored) Slag

Table 1.9-5
Abandoned (stored) Waste slag Transfer Floor space Remarks
slag (10000 m°) (10000 m®) (10000 m?)

1# Abandoned Stacking height:
(stored) slag 35 2 58 about 20m
2#Abandoned Stacking height:
(stored) slag 620 25 385 about 20m
3#Abandoned i 35 44 Stacking height:
(stored) slag ' about 20m

(3) Land for Construction

On the premise of meeting the Project construction layout, land for construction shall be
planned on the principle of less land acquisition planned. And the land shall be planned stage
by stage and utilized repeatedly in the light of the Project progress. The Project land is
composed of permanent land and temporary land. The permanent land is used for permanent
construction facilities and permanent construction land, while the temporary land is mainly
used for construction facilities and for temporary living areas. The Project has total land
occupation of 8459.70mu (excluding reservoir-inundated land), after deducting the repeatedly
used land (1476.90mu) of town construction at the construction area, total land occupation is
6982.80mu (excluding reservoir-inundated land).

1.9.7 Overall Construction Schedule

(1) Construction Critical Path

The major critical path to control the Project is the construction of underground
powerhouse and the secondary critical path is the construction of tailrace tunnel. The detailed
path for underground powerhouse construction is: excavation of access tunnel and ventilation
and emergency tunnel — excavation of upper part of main and auxiliary powerhouse —
construction of rock-bolted crane beam — excavation of lower part of main and auxiliary
powerhouse — powerhouse concrete pouring and main machine equipment installation —
debugging and power generation of the first set (batch) of unit — installation, debugging and
power generation of the rest set (batch) of units.

The detailed path for tailrace tunnel construction: excavation of tailrace construction adit
and tailrace outlet — tailrace tunnel excavation — concrete lining for tailrace tunnel
—tailrace tunnel grouting — tailrace construction adit plugging — water filling test for
tailrace tunnel —debugging and power generation of the first unit — installation, debugging

and power generation of the rest 5 units.
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(2) Overall Schedule

As per the Contract negotiation results for Karuma HPP, in the second month after
signing of the Contract, overall work shall be started including comprehensive design,
demobilization of construction equipment and construction personnel, project test and
procurement of main machine equipment. It is scheduled that the construction period to power
generation of the first unit is 56 months and the total construction period to power generation
of the last unit is 60 months. However, for some other reasons, the Project has been actually
delayed about 4.5 months, so a specific study on accelerated construction measures for
underground powerhouse in critical path is made, i.e., adding two construction adits to enlarge
powerhouse work face and construction intensity, so as to make up the delayed 4.5 months
and ensure timely completion of the contracted construction period in later period.

1.10 Land Acquisition and Resettlement

The Environmental and Social Impact Assessment Report for the project was prepared
by Energy Infratech Private Limited (EIPL), India in April 2011. The National Environment
Management Authority (NEMA) of Uganda approved the assessment report in written form
on Oct. 22, 2012.

Based on the approved assessment report, the Project-inundated land is 2737.35ha, and
the total land occupation for the Project is 465.52ha. The Project will affect 3735 persons
from 414 household in 4 villages including Karuma and Awoo villages in Mutunda,
Kriyandongo, and Nora and Akuridia villages in Kamdini, Oyam. In addition, the trading
center, roads and communication facilities, education and medical facilities and ferry will be
affected as well. The resettlement plan has been developed to recover the resettlers’ livelihood.
According to the Uganda Ministry of Energy and Mines (MEMD) supplementary documents,
the land resettlement project with a total investment of $ 16,732,860.

1.11 Environmental Protection

The Environmental and Social Impact Assessment Report for the project was prepared
by Energy Infratech Private Limited (EIPL), India in April 2011. The National Environment
Management Authority (NEMA) of Uganda approved the assessment report in written form
on Oct. 22, 2012.

Based on the approved assessment report, soil and water conservation, terrestrial animals
and plants, aquatic ecology, ambient air, acoustic environment, water environment and
landscape are evaluated and predicted and the counter-measures are put forward for soil and

water conservation, fishway building, ecological flow discharging, reservoir bottom cleaning
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and prevention measures for “three wastes”. It is initially estimated that direct investment in
environmental protection is USD 12.92 million.

1.12 Recommendations for Work in Next Stage

1.12.1 Hydrology

(1) Supplementary hydrological data collection should be done for daily average flow
data of all the years since the establishment of the 11 stations including Kamdini, Masindi,
Jinja,Tochi stations, especially the relevant flow data of Kamdini Station, so as to make
further analysis and review on available results.

(2) Supplementary hydrological data collection should be done for relevant sediment
data of all the years since the establishement of the 11 stations including Kamdini, Kafu and
Tochi stations so as to make further analysis and review on available results.

1.12.2 Engineering Geology

(1) The bedrock horizontal seismic peak ground acceleration at 10% exceedance
probability in 50 years at the dam site area is 0.14g, the corresponding basic seismic intensity
is VI, and the site area belongs to the area with poor regional tectonic stability.

(2) The reservoir area possesses good conditions for building a reservoir, and there
exist no seepage, reservoir immersion and reservoir-induced earthquake. The slopes at
reservoir banks are stable generally and there is less solid runoff flowing to the reservoir.

(3) The dam foundation has thin overburden, the rock mass at the construction
foundation surface has good quality and no large-scale faults have been found, so there are
good conditions for building a dam. The relatively thick orverburden is found locally at the
left bank and the problems of seepage in dam foundation and around the dam are likey to
occur.

(4) The natural slopes and the manually excavated slopes at the intake of the headrace
tunnel are stable generally. The rock mass in the headrace system is mainly of Class III,
secondarily of Class Il and locally of Class 1V, so there are relatively good tunnel construction
conditions.

(5) In the underground powerhouse area, the surrounding rocks are generally of
Classes III to II and locally of Class 1V, and the cavern is stable on the whole. The overlying
rock mass thickness at the cavern top basically meets the engineering requirements, yet the
safety margin is smaller.

(6) The borrow area is located at the intake at the left bank, and the earth reserves and

quality meet the engineering requirements, with convenient exploitation and transportation
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conditions. The quarry is located along the open diversion tunnel at the right bank of the dam
site and its vicinity. The rock physical and mechanic test indexes are in conformity with the
requirements of the relevant specification and can be used as aggregate for the Project. The
excavated material from the cavern is proposed to be used as concrete aggregate for main
works. The quarry is near the dam site and has good condition for exploiting and
transportation.

(7) Inaccordance with geologic investigation and analysis, such geological disasters as
large-scale collapse, landslide, debris flow, bank failure and earthquake do not exist in the
Project area.

1.12.3 Project Scale

Karuma HPP has normal storage level of 1030m, dead water level of 1028m, total
reservoir storage of 79.87million m®, regulating storage of 45.53million m®, and the reservoir
has daily regulating capability. The Project has an installed capacity of 600MW, average
annual energy output of 4.373 billion kWh, annual operating hour of the installed capacity of
7290h. Karuma HPP is a run-of-river power plant, with good technical and economic indexes
and after completion, it is expected to supply considerable energy to the service area and
produce remarkable power generation benefits.

The Report is prepared on the basis of the EIPL Report and the Tendering Documents
and the demonstration of the project scale in the Report shows some gap in comparison with
the feasibility study depth for hydropower projects in China.

1.12.4 Project Layout and Main Structures

The Project layout scheme is feasible, namely, the layout scheme of the concrete gravity
dam, underground powerhouse at the left bank and long tailrace tunnel, yet the following shall
be carried out in the next stage.

(1) On the basis of actually measured topographic map at scale of 1:500 for the Project
area, further optimizing the Project layout and design of main structures and checking
relevant work quantities;

(2) Making aseismic study on dam and intake;

(3) Reviewing the transient calculation for the water conveyance and power system in
accordance with the characteristics curves of units provided by the manufacturers;

(4) Optimizing hydraulic design for head complex including the dam and intake in
combination of the overall hydraulic model test; optimizing structural layout of fishway on
the basis of fishway model tests and study;
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(5) Determining the latest stage-discharge curve according to supplementary
hydrological data, and checking the design of hydraulic structures;

(6) Optimizing equipment layout and dimensions of underground powerhouse after
completion of bidding for electro-mechanical equipment;

(7) Making further study on the ground open switchyard scheme, the Project Owner
agrees; and

(8) Making stability analysis on surrounding rocks in underground caverns in
accordance with the latest layout of underground caverns and geologic parameters to
improve support design for underground powerhouse caverns.
1.12.5 Electro-mechanical Equipment and Hydro Metal Structure

(1) Further demonstration on unit parameters on the basis of more detailed technical
data.

(2) Equipment type selection and layout design for auxiliary systems in the light of the
powerhouse layout.

(3) Further detail design on main electrical connections and station service power
source.

(4) Further optimization on layout of electrical equipment.
1.12.6 Construction Planning

The Project area is characterized by pene-plain landform, with flat and gentle relief,
gentle slope terrace on both banks, less geologic disaster, no restrictive factors and good
natural condition for project construction. Yet the Project is located at the inland of African
mainland and the transportation conditions and industrial foundation are poor. Most of the
construction equipment, machinery and materials need to be imported from China or overseas
markets, so there exist some unexpected factors and the social condition for project
construction is relatively poor. The total construction period is 60 months and the construction
period to power generation of the first (batch) unit is 56 months, which is relatively tight in
such poor construction condition. In the next stage, the study focus shall be laid on
procurement and transportation of construction equipment, machinery and materials so as to
speed up and ensure construction progress.
1.12.7 Land Acquisition and Resettlement

The Project-affected people are totally 3735 persons from 414 households in four
villages including Karuma and Awoo villages at Mutunda of Kriyandongo, Nora and Akuridia

villages at Kamdini of Oyam. According to Environmental and Social Impact Assessment

1-51



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)
Report prepared by ELPL, the resettlement of the resettlers has been carried out. Special

attention shall be paid to the care of the disadvantaged group, for whom, much improvement
measures shall be taken including health service to meet their requirements, in addition, fair,
timely and sufficient compensation shall be made.
1.12.8 Environmental Protection

Karuma HPP belongs to infrastructure construction of renewable clean energy. The
construction of the Project can promote sustainable development of Uganda social economy.
Major disadvantageous environmental impact resulting from Project construction can be
alleviated by taking proper environmental protection measures, except reservoir inundation
and forest and vegetation damage in occupied land. Additional water and soil loss resulting
from Project construction can also be alleviated by taking certain measures. As per available
data, no greater environmental problems to restrict Project construction have been found. As
long as the environmental protection measures and soil and water conservation measures are
taken adequately, the construction of the Project is feasible.

It is recommended that environmental protection should be implemented from beginning
of design to the operation period so that natural resources development and environmental
protection can be carried out synchronously, so as to realize harmonious and sustainable

development between Man and nature.
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1.13 Salient Features of Karuam HPP

Salient Features of Karuam HPP

Description Unit Quantity Remarks

I. Hydrology
1. Catchment area km® 346000
2. Utilized hydrological series period Year Flilljgggf 46 40%2123
3. Mean annual rainfall mm 1320.4
4. Mean annual runoff 10°m’ 314.03
5. Mean annual flow m/s 995
6. Design flood flow (P=0.01%) m°/s 4660
7. Mean annual sediment discharge z t/:i/iOOOO 34.61
I1. Kinetic energy characteristics
1. Installed capacity MW 600
Unit capacity MW 100
Number of generating units Set 6
2.Effective storage capacity
Effective storage capacity of reservoir 10000 m° 4553
3. Annual energy output
Mean annual energy output 10° kW.h 43.73
4. Operating hours
Operating hours of installed capacity h 7290
I11. Land acquisition and resettlement
1.Area of requisitioned land Ha. 3202.87
Lr:e\;\/hlch. reservoir inundation-affected Ha. 2737 35
Area of land occupied by the Project Ha. 465.52
2. Resettled population Person 3735
IV. Main structures
(1) Reservoir
1. Water level
Design flood level (P=0.01%) m 1030.00
Normal pool level m 1030.00
Dead water level m 1028.00
2. Reservoir storage capacity
Total storage capacity (below check flood| 10000 m*
level) 7987
Storage capacity at normal pool level 10000 m’ 7987
Dead storage capacity 10000 m’ 3434
Effective storage 10000 m° 4553
3. Dam

L . Max. design earthquake
Design intensity / acceleration 0.29¢
Dam type Concrete dam
Dam crest elevation m 1032.00
Max. dam height/crest length m 14.0/314.44
4. Spillway
Weir type WES type practical weir
Weir crest elevation m 1022.00
Total net overflow width m 100.0
Number of outlet Number 10
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Description Unit Quantity Remarks
Full length m 131.0
Energy dissipation method Energy dissipation by hydraulic jump
Design flood discharge m/s 4700 P=0.01%
(2) Water conveyance system
1. Intake
Type Bank-tower type
Number Number 6
Inlet size (WxH) m 8.72x9.94
Bottom sill elevation m 1013
Type of emergency gate Plain gate
Gate number/opening size Number/m | 6/6.1x7.7 |
Hoist type Fixed hoist
Hoist number/capacity Set/kN 6
2. Headrace tunnel
Type Flat-bottom horse-shoe type
Main pipe/branch pipe number Number 6
Main pipe/branch pipe inner diameter m 7.7
Main pipe length m 391.53m~380.46
Branch pipe length m /
Steel liner length m 72.1
Max. flow per unit m/s 188
Max. hydrostatic head m 92.91
3. Tailrace surge chamber
Type Simple type
Diameter of large /small shafts m 21
Height of large/small shafts m 65.91
Type of bulkhead gate Plain gate
Gate number/opening size | 6/6.1x7.7 |
Hoist type Fixed hoist
Hoist number/capacity Set/kN 2/
Upper chamber size (WxH)/length m /
Ventilation opening size (WxH)/length m 8x7
4. Tailrace tunnel
Type of tailrace branch pipe Flat-bottom horse-shoe type
Tailrace branch pipe Number 6
Tailrace branch pipe diameter/length m 7.7/154.53~153.73
Tailrace tunnel type Flat-bottom horse-shoe type
Number of tailrace tunnel Number 2
Tailrace tunnel diameter/length m 12.8/8545(8451)
5. Tailrace outlet
Number Number 1
Outlet size (WxH) m (64~100) x28 Progressive expansion
Bottom sill elevation m 936
Type of bulkhead gate Stoplog gate
Gate number/opening size Number/m | 1/10x12.8 |
Hoist type Autocrane
Hoist number/capacity Set/kN 1/80t

(3) Underground powerhouse, switchyard

1. Main and auxiliary powerhouse cavern

Type

Underground powe

rhouse

Characteristics of surrounding rocks

Granite gneiss, amphibolites

neiss, amphibolite

Size (LXxWxH)

m

226.5%x21x56.5

Unit setting elevation

m

937.10
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Description

Unit

Quantity | Remarks

2. Main transformer cavern

Characteristics of surrounding rocks

Granite gneiss, amphibolites gneiss, amphibolite

Size (LxWxH) m 198x13.4x33/16.15m
3. Bus duct tunnel (6)
(large and small tunnel) size  (LxWxH) m 40x7x7
4. Main Access tunnel  (LxWxH) m 1407.328x10/8x8
5. Escape/ventilation tunnel  (LxWxH) m 607.066x8%8
6. 400kV Cable-vert shaft (LxWxH) m 110x10x10
7. 400kV ground switchyard size (LxW) m 230x85
8. Switchyard elevation m 1055
9. Drainage gallery (LxWxH) m 520x3x3
(18)(!\\/)\;:1:!'1_| ) transformer  exhaust  tunnel m 80x8x8
V. Main electro-mechanical equipment
(1) Turbine
Type Vertical shaft Francis type
Number Set 6
Turbine rated power MW 102
Turbine max. power MW 112
Runner diameter m 4.45
Speed r/min 142.9
Draught-height m -21.63
Net head (max. (no-load)/min.) m 70/58.5
Rated head m 60
(2) Generator
Type 3-phase synchronous, vertical shaft and semi-umbrella
Number Set 6
Rated capacity MW 100
Power factor cos¢ 0.9
Rated voltage kv 11
(3) Other main equipment
1. Unit step-up main transformer
Type 3-phase double winding, forced oil circulation, water cooling
Number Set 6
Rated capacity MVA 123
Rated voltage kv 4004+2x2.5% / 11
2. Governor
Type PID electro-hydraulic governor
Number Set 6
Main control valve diameter mm ©100
Operation oil pressure MPa 6.3
3. Inlet valve
Type Cylinder valve
Number/diameter Set/m 6
Max. hydrostatic head m 92.17

4. Bridge crane

Type QD200/50-20.0 bridge crane with single trolley
Number Set 2

Lifting capacity t 200

Span m 20

6. 400kV switchgear

Type GIS

Rated voltage kv | 420 |
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Description Unit Quantity Remarks
Rated current A 2000
Rated drop-out current kA 50
Rated frequency Hz 50

7. 400kV cable

Type

Extra high voltage cable with extrud

as insulation medium

ed insulation, with XLPE

Rated voltage uo/u 231/400kV

Sectional area mm? 630

Transmission capacity MVA 200

Number m 1820(3-phase meter)

(4) Transmission line

1. 400kV transmission line

\oltage kv 400

Circuit number Circuit 2 Doublg L circuit
transmission line

Transmission destination 400kV Kawanda Substation

Transmission distance 248km

2. 132kV transmission line

\oltage kv 132

Circuit number Circuit 4 Two double circuit

transmission lines

Transmission destination

132KV Lira Substation, 132kV Olwiyo Substation

Transmission distance 76 / 55km
75~ Construction
1. Main works quantities
Open earth excavation 10000 m* 91.33
Open rock excavation 10000 m° 50.63
Rock excavation in tunnel/shaft 10000 m° 396.95
Earth and rock filling 10000 m° 7.73
Concrete 10000 m* 62.68
Shotcrete 10000 m* 8.92
Rebar 10000t 4.85
Hydro metal structure 10000t 0.35
Steel products 10000t 0.13
Anchor rod 19000 28.86
pieces

Pre-stressed anchor rod and cable Number 373
Curtain grouting 10000m 1.88
Consolidation grouting 10000m 11.49
Backfill grouting 10000m* 22.75
2. Main building material
Cement 10000t 17.55
Timber 10000m’ 3.89
Steel products 10000t 0.13
Qil 10000t 3.02
3. Labor required

: 10000
Total working day work-day 405
Average peak persons Person 3000
Peak workers Person 2700
4. Temporary housing for construction 10000 m* 2.16

5. Construction power and source
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Description Unit Quantity Remarks

Peak load kw 6500
Power supply Diesel power
6. Transportation
Kampala km 285
Mombasa km 1475
Total transportation 10000t 50.25
7. Construction diversion mode
Open diversion channel m 401.11 40m Botton width 40m
8. Construction period
Construction period to power generation
of the 1¥ unit i i ’ Month 56
Total construction period Month 60
VI1I. Economic indicator
1.Power Station Project

(1) Total static project investment 102 USD 1448985.27
a.EPC within the scope of static total 10° USD 1398516.76
investment, including
In which: auxiliary construction works 103 USD 175052.11
Building works 103 USD 789516.82
!Electro—_mechanlcal equipment and 10° USD 265347.09
installation works
!—|ydro _metal structure equipment and 10° USD 23481 49
installation works
Independent costs(EPC contract within the 10° USD 97826.41
scope of)
Basic reserve fund 102 USD 47292.84
b. outside the scope of EPC static total 10° USD 50468 51
investment, including
Environmental ~ Protection and ~ Water 10° USD 12920.00
Conservation Engineering
Land  acquisition ~and  resettlement 10° USD 16732.86
compensation
Independent costs(Outside the scope of the 10° USD 20815.65
EPC contract)

(2) Price contingencies 102 USD 73523.15

(3) Interest in construction period 103 USD 206469.86

(4) Total investment 102 USD 1728978.27
Investment per kW USD/kW 2415
Investment per kW.h USD/kW 2882
2. Transmission works
Substation works 102 USD 75894.05
Transmission line works 102 USD 191457.77
Basic reserve fund 102 USD 22553.40
Interest in construction period 103 USD 26764.54
Total project investment 103 USD 316669.76
5. Financial internal rate of return
Total investment % 8
Capital fund % 11.58
Payback period of investment Year 14.99
6. On-grid tariff (including tax) USD/KW.h 0.0825
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2 Project Task and Construction Necessity
2.1 General of Social Economy and Energy Resources
2.1.1 Social Economy

The Republic of Uganda, located in East Africa, is a landlocked country across the
equator. It is bordered on the north by Sudan, on the east by Kenya, on the west by the
Democratic Republic of the Congo, on the southwest by Rwanda, and on the south by
Tanzania. It has a land area of 241600 km?, including land area of 199800 km2, water and
wetlands of 41700km2. There are a lot of plateaus of 900~1500m above sea level. The lakes
and marshes, the area of which accounts for 18.3% of the whole country, are known as “rivers
and lakes on East African Plateau”. Lake Victoria in southern Uganda, with an area of
68422km?, is the largest lake in Africa and the world second largest fresh lake, with 42.8% in
the territory of Uganda, and Jinja by the lake is the source of the White Nile. Although
Uganda is located in the equatorial line, due to the higher terrain, crisscrossed rivers and
scattered lakes, there are plentiful rainfall, lush vegetation, and spring-like seasons, so it was
once called by Churchill as the “Pearl of Africa”. The annual average temperature is 22.3°C.
The temperature is highest in October, averagely 23.55°C; the temperature is minimum in
January, averagely 21.4°C. Annual rainfall in most areas is between 1000mm and 1500mm.
The rainy season is from March to May and from September to November and the rest
months are of two dry seasons.

In 2012, Uganda had a total population of about 36.1 million, and 111 areas (districts)
and a capital city. There are about 65 nationalities, Bantu ethnic group accounts for more than
2/3 of the total population. Residents mainly believe in Catholicism (accounting for 45% of
the total population), Protestant (40%), Islam (11%), and the rest believe in Orthodox and
primitive fetishism. Uganda is a republic, and separates the three powers. The first multi-party
election was held in Uganda in 2006. Currently, Uganda’s political situation is basically
stable.

Uganda has good natural conditions, fertile land, abundant rainfall, and suitable climate.
Agriculture and animal husbandry dominate the national economy, accounting for 70% and
95% respectively of gross domestic production (GDP) and export earnings, and is
self-sufficient in grain. Industry is backward, and there are a small number of companies, poor
equipment, and low operating rate. Foreign trade takes an important position in the national
economy. Uganda is one of the world's least developed countries announced by, the United

Nations. Due to years of war, the economy was on the verge of collapse. In 1986, the
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government of the National Resistance Army came to power. It implemented pragmatic and
sound economic development policies, actively carried out structural adjustment, gave the
highest priority to development of agriculture, reorganized the state-owned enterprises,
fostered private economy, and promoted free trade and other measures. Since 1991, the mean
annual economic growth rate had been about 6%. Affected by the international financial crisis,
the export of traditional pillar industries of Uganda such as cotton, fish, coffee and other
traditional pillar shrank, and economic growth rate slowed down. In 2012, Uganda GDP was
USD 19.88 bhillion, annual economic growth rate was 3.40%, the per capita GDP was USD
574, and the inflation rate was 23.2%. Table 2.1-1 shows the national economic situation in
Uganda from 2008 to 2012.
National Economic Indicators of Uganda from 2008 to 2012

Table 2.1-1
Description Unit 2008 2009 2010 2011 2012
GDP 10® USD 144.4 158.0 172.0 168.2 198.8
GDP growth rate % 8.7 7.3 5.9 6.6 3.4
Per capita GDP uUSD 454 481 506 479 574
Inflation rate % 6.4 14.6 9.5 5.0 23.2

2.1.2 Energy Resources

Uganda's oil supply is mainly dependent on imports. Along with the participation of
foreign companies in oil and gas exploration and development, petroleum was continuously
discovered in Uganda, making Uganda a potential major oil-producing country in Africa. The
latest data show untapped oil resources may be up to 3.5 billion barrels, and there are natural
gas reserves of 12 billion cubic feet in the Albertine Graben.

So far, coal resources have not yet been discovered in Uganda.

The main rivers in Uganda are the Nile River, Kagera River, Semliki River, White Nile,
etc. And Uganda has the world's second largest freshwater lake, Lake Victoria, the total water
storage is up to 3.03 billion m?, with Kagera River as its main water source. So Uganda is rich
in water resources, national water resources able to be developed technically is 5300MW,
annual energy output is 12.5 billion kWh, but the country has not conducted a comprehensive
assessment of hydropower reserves. Uganda water system distribution is shown in Figure
2.1-1.
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Figure 2.1-1 Schematic diagram of water system distribution in Uganda

Uganda is located in the central region of the Sub-Saharan African continent. Because
Uganda is located in the trade winds, the south and north winds dominate. Overall, wind
energy resources are scarce, the wind speed is slow and usually 5m/s or less in most areas, but
Rubanda in southwestern area and Kaabong District in northeastern area are abundant in wind
resources, and the wind speed there can reach 7 ~ 8m/s.

The Uganda land crosses the equator, the country is 2000m or more above sea level, the
sun shines directly throughout the year, the annual sunshine time is accumulated
approximately 2957h, a daily average is not less than 8h, thus, it is unusually rich in solar
energy resources.

It is said in the latest report of U.S. Geothermal Association that hot rock power reserves
under the Rift Valley is 6.5GW, the Rift Valley runs through the countries of Sudan, Ethiopia,
Somalia, Uganda, Rwanda, Burundi, Democratic Republic of Congo, Tanzania, Malawi and
Mozambique. Therefore, Uganda has abundant geothermal resources.

2.2 Power System Current Status and Development Planning
2.2.1 Power System Current Status

In accordance with the research results of Grid Development Plan 2011-2027 (2011
edition) of the Uganda Electricity Transmission Company, the existing installed capacity of
Uganda in 2012 is about 746MW, including 3 large hydropower plants, namely, 180MW
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Nalubaale, 200MW Kiira, and 250MW Bujagali hydropower plants; the other installed

capacity is from 50MW thermal diesel power plant, 37MW biogas power plant and several

small hydropower plants. Refer to Table 2.2-1 below for details.

Present Installed Capacity in Uganda

Table 2.2-1
Installed
No. Name of power plant Location Type of plant capacity Ye_ar.of .
(MW) commissioning
1 [Nalubaale HPP Njeru Large hydro 180 1955
2 |KiiraHPP Jinja Large hydro 200 2005
3 |Bujagali HPP Jinja Large hydro 250 2012
3 |Jacobson TPP Namanve Thermal diesel 50 2008
4 |Bugoye HPP (Mobukull) Kasese Small hydro 13 2009
5 Iia:/fsglﬁ(i?ﬁl)t Company Kasese Small hydro 10.5 1996
6 |Kilembe Mines(Mobukul) Kasese Small hydro 5 1955
7 |Kakira Sugar Works Jinja Cogeneration 32 2008
8 |Kinyara Sugar Works Masindi Cogeneration 5 2009
9 |Kuluva Moyo 0.12
10 |Kagando Kasese 0.06
11 |Kisiizi Rukungiri 0.3 2008
Total 745.98

(Note: because of funding problem, Aggreko Kiira TPP and Mutundwe TPP were decommissioned by the
Uganda Government in 2011.)

Up to 2012, only 40% urban households and 6% of rural households can be connected to
the power grid in Uganda, the maximum power demand is about 510MW, and the Uganda
domestic installed capacity can meet the demand.

2.2.2 Power Demand Forecast

From the predictions of Uganda national development trend, Uganda national economy
will maintain rapid growth, the country’s GDP after 2015 will maintain a high growth rate of
7.5% and the power demands will also continuously maintain rapid growth. To solve the
problem of rural residents’ living electricity and meantime provide adequate power safeguard
for national economic development, the Uganda Government's power development objective
IS to achieve the nation-wide grid coverage in 2035. With progressive implementation of the

development objective, the Uganda domestic power demand will gradually increase
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dramatically.

In accordance with the research results of Grid Development Plan 2011-2027 (2011

edition) of the Uganda Power Transmission Company, the power demand is forecasted till

2027. Annual maximum power demands include domestic power demand and exported power

demand and the forecast results are presented in Table 2.2-2 below. The power demand

forecast of Uganda in future is shown in Figure 2.2-1.

Power Demand Forecast in Uganda

Table 2.2-2 Unit: MW
Domestic | Exportto | Aggregate Domestic | Exportto | Aggregate
demand | neighboring [ demand demand |neighboring| demand
Year country Year country
2010 468 12 480 2019 1028 250 1278
2011 520 17 537 2020 1069 260 1329
2012 560 19 579 2021 1136 280 1416
2013 616 21 637 2022 1175 300 1475
2014 656 53 709 2023 1221 320 1541
2015 726 53 779 2024 1294 340 1634
2016 771 85 856 2025 1443 290 1733
2017 818 95 913 2026 1486 265 1751
2018 968 150 1118 2027 1566 265 1831

Note: the neighboring countries include Kenya, Tanzania, Congo (DRC), Rwanda and South Sudan.
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2.2.3 Construction Plan of Power Sources
In order to meet the increasingly growing power demands in Uganda, in accordance with
the Uganda National Grid Development Planning from 2011 t0 2027, up to 2025, the
increased installed capacity will reach 1540MW, annual energy output 9842GWh. The
planned power sources are listed in Table 2.2-3.
Power Plan of Uganda from 2011 to 2027

Table 2.2-3
No. Project name Type InstaII? :A(\I/?/F))aCity com\rgﬁzgi%;ing

1 Isimba Hydropower 200 2018
2 Karuma Hydropower 600 2018
3 Ayago Hydropower 600 2020
4 Kabale Peat Thermal power 33 2014
5 Albatros Thermal power 50 2016
6 Mputa-Kabale Natural gas 57 2014

2.2.4 Construction Planning of Power Grid

At present, voltage level of the Uganda National Grid is 132KV, the grid structure is very
weak, and there is power transmission grid connecting with the neighboring countries
including Tanzania, Rwanda, and Kenya.

The development of Uganda National Grid focuses on national grid connection in
combination with large hydropower and thermal power plants, the backbone grids are planned
to be upgraded to 220kV voltage level, forming a 220kV backbone grid so as to mutually
connect with the peripheral countries. The grid interconnection project mainly adopts 220kV
voltage level, and partly adopts 400kV voltage level.

2.3 River Planning and Development Task
2.3.1 River Planning

The Nile River with a full length of 6670km is the world's longest river and runs through
35 degrees of latitude from north to south. It has two major headwaters, namely, the White
Nile River and the Blue Nile River. The White Nile River flows through the large lake areas
of Lake Victoria and Lake Kyoga, flows through the jungle of Uganda, and runs northward
via Sudan. The Blue Nile River originates from the Ethiopian highlands 2000m above sea
level, and it flows through Lake Tana, then descends precipitously, making riverwater flow

down in a rushing torrent to a far distance, forming the famous Africa's second largest
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waterfall — Tis Issat Falls. After the Blue Nile enters the Sudan plain and calmly joins the

White Nile, the river is called the Nile River. The Blue Nile is the sources of most of water
and nutrients downstream of the Nile, while the White Nile is longer of the two tributaries.

The White Nile originates from Ruvuvu River in Burundi, and is called the Kagera River
after confluence with the Nyawarungu River. It flows through the border areas of Tanzania
and Rwanda with Uganda, and flows into Lake Victoria. It is called Victoria Nile after it flows
out at the north end of Lake Victoria, and it feeds Lake Kyoga soon, and flows westward for
some distance and enters Lake Albert (Lake Mobutu), with a drop of 400m. After it flows out
of Lake Albert and flows northward, it is known as the Albert Nile, which admits the Pager
River to join from the right bank, after it enters Sudan plain shortly after flowing through
Nimule Canyon, from which, it becomes known as the White Nile. Karuma HPP is located on
the Victoria Nile between Lake Kyoga and Lake Albert, and the water system of Victoria Nile
River and Karuma HPP location are shown in Figure 2.3-1.

Main
Rivers ?‘: lakes

o
Uganda

=~ Perenial river
~) Seasonal river

TANZANIA

RIGAND.
Figure 2.3-1 Water system of Victoria Nile River and location map of Karuma HPP

In the Nile River basin, the hydroenergy reserves in Uganda is 3000MW, but presently,

only 630MW near the outfall of Lake Victoria has been developed, including 3 hydropower

plants, Nalubaale (180MW), Kiira(200MW) and Bujagali (250MW) hydropower plants.

Based on the Report on Uganda Hydropower Development Master Plan prepared by Japan
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JICA Company, in addition to the above 3 hydropower plants, totally 7 cascade hydropower

plants are planned on the Nile River in Uganda, including Kalagala, Ishimba, Karuma, Oriang,
Ayoga, Kiba and Murchason hydropower plants. Of which, Kalagala and Ishimba projects are
located upstream of Lake Kyoga, Karuma, Oriang, Ayoga, Kiba and Murchason projects are
located downstream of Lake Kyoga, Karuma HPP is the first cascade power plant downstream
of Lake Kyoga. The cascade hydropower planning for the Nile River basin in Uganda is

presented in Figure 2.3-2.

Figure 2.3-2 Cascade Hydropower Planning for the Nile River Basin in Uganda
2.3.2 Development Task

Karuma HPP is developed mainly for power generation. The normal pool level is 1030m,
corresponding reservoir storage capacity is 79.87 million m®, drawdown depth is 2m, and
regulating storage is 45.53 million m®. The Project has a total installed capacity of 600MW, its
mean annual energy output is 4.373 billion kW.h and annual operating hour of the installed
capacity is 7290 hours.

Karuma HPP has large installed capacity and advantageous technical and economic
indicators. After completion, the Project can provide a great deal of power energy for Uganda
and the adjacent countries and produce remarkable power generation benefits.

2.4 Power Supply Scope and Power Market Space
2.4.1 Power Supply Scope

Karuma HPP is located on the Nile River in mid-northern Uganda, 110km downstream
of Lake Kyoga, and 270km away from Kampala, the capital of Uganda. The Project with a
total installed capacity of 600MW will supply power to the Uganda National Grid.

2.4.2 Analysis on Power Market Space

(1) Principle for power balance

Balance years: 2018, 2020 and 2025
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Balance scope: the Uganda National Grid

Standby rate: includes maintenance standby, load standby and emergency standby, the
standby rate is taken as 30%.

(2) Power plants for balance

The power plants for balance include the completed and proposed power plants.

The completed power plants include hydropower plants (including small hydropower
plants), thermal power plants, solar power plants and biomass power plants, totally 746 MW.

The proposed power plants are mainly of the planned hydropower and thermal power
projects, as shown in Table 2.2-3.

(3) Analysis on power market space

The analytic calculation results of the Uganda National Grid power market space are
shown in Table 2.4-1.

Analysis on Uganda National Grid Power Market Space

Table 2.4-1 Unit: MW
2018 2020 2025
Description o without With Without | i | AThout
HPP Karuma HPP | Karuam HPP | Karuma HPP HPP HPP
I Aggregate demand of | 4 2 1453 1728 1728 2318 2318
the system
(1) Max. load 1118 1118 1329 1329 1783 1783
(2) Standby capacity | 355 335 399 399 535 535
of the system
I1. Installed capacity 1648 1048 2258 1658 2270 1670
(1) Completed 746 746 746 746 746 746
(2) Proposed 902 302 1512 912 1524 924
I11. Power gains and 195 405 530 270 .48 648
losses(+gain-loss)

Note: the forecast of power export demand to neighboring countries in 2025 adopts maximum export
load, namely, 340MW in 2024.

The above results indicate that the Uganda National Grid can meet the Uganda power
demands of the grid and the neighboring countries after Karuma HPP and other planned
power projects are put into operation on schedule in two level years of 2018 and 2020. Up to
2025 level year, the role of generating capability of Karuma HPP and other power projects put

into operation can be brought into full play.
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2.5 Project Construction Necessity
2.5.1 Needs of Energy Development in Uganda

From the predictions of Uganda national development trend, Uganda national economy
will maintain rapid growth, the country’s GDP after 2015 will maintain a high growth rate of
7.5% and the power demands will also continuously maintain rapid growth. To solve the
problem of rural residents’ living electricity and meantime provide adequate power safeguard
for national economic development, the Uganda Government's power development objective
Is to achieve the nation-wide grid coverage in 2035.

Uganda's energy structure is mainly composed of hydropower, and presently, the main
hydroenergy resources developments are concentrated in the Nile River basin, where the
hydroenergy reserves are about 3000MW, but the existing installed capacity is about 700MW,
including three large hydropower stations, namely, Nalubaale (180MW), Kiira (200MW ) and
Bujagali (250MW).

The analysis on Uganda power market demand shows that only through the
above-mentioned three power stations with a total installed capacity of 630MW and the
200MW Isimba Hydropower Station scheduled to be put into operation in 2018 and Ayago
Hydropower Project (600MW determined in feasibility study stage) to be put into operation in
2020, the Uganda domestic power demands and exported power needs cannot be satisfied.

Therefore, the construction of 600MW Karuma HPP will not only meet the Uganda
domestic power demands and promote rapid industrialization of the country but also realize
power export to the neighboring countries.

2.5.2 Facilitating Ecological Environmental Protection

In a variety of energy sources, hydropower, as renewable clean energy, together with
solar, wind, geothermal, biomass energy, is known as the “green power”. During the
construction of hydropower projects, although the “three wastes” may be produced in short
term, the pollution is local and temporary, and the pollution can be mitigated through taking
the control measures in accordance with the environmental protection requirements. After the
completion of power stations, pollution will no longer be produced and can greatly decrease
the environmental pollution by sulfur dioxide, carbon dioxide and wastewater and slag from
the coal-fired power plants, and it is also conducive to soil and water conservation. At the
World Summit on Sustainable Development held in Johannesburg, South Africa in 2002,
hydropower development was affirmed for its reduction of greenhouse gas emissions and

measures to achieve sustainable development. On Feb. 16, 2005, the “Kyoto Protocol” (i.e.,
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"the United Nations Framework Convention on Climate Change™) entered into force, and
became the UN-approved international law.

After completion, the Karuma HPP can replace the thermal power units of the same
capacity, the replaced mean annual energy output of coal-fired power plants is about 4.373
billion kWh, accordingly, coal of approximately 1,443,000t (per kWh is equivalent to 330g
coal) can be saved every year, emissions of carbon oxide (COy, carbon monoxide (CO),
hydrocarbons (CnHm), nitrogen oxides (NOx), and sulfur dioxide (SO,) can be reduced,
thereby reducing the construction pressure of coal mines, thermal power plants and traffic and
meantime mitigating the negative impacts on the environment.

The construction of Karuma HPP will substitute a large number of coal or oil and gas
resources. For hydropower resources are renewable green energy, the hydropower
development and construction can not only reduce the consumption of non-renewable
resources, but also greatly reduce the negative impacts on the environment, and produce a
huge ecological environmental benefits.

2.5.3 Promoting the Regional Economic Development

Up to 2012, only 40% of urban households and 6% of rural households could be
connected to the power grid in Uganda, the lagged energy development has severely restricted
the social development and economic growth in Uganda.

To increase domestic power generation capacity, promote economic and social
development and improve the people's living standards, the Uganda Government and the
MEMD have identified a number of power projects beneficial to national economic
development. Uganda has a large number of renewable energy, and hydropower is the most
important and also the cheapest energy. Karuma HPP is one of the proposed important
projects of the Uganda Government.

Karuma HPP is located in dense forested area in Nile River Basin in Uganda, and the
area is rich in high quality timber. The local weak industrial base can provide few
employment opportunities for the residents, and the people’s living level is relatively low.
Being engaged in agricultural production is the main way of life of the local people,
agricultural activities constitute major economic activities in the region; only a few people are
engaged in fishing as their income source. In addition, in the region, only a few people have
the skills and received higher education. On the whole, the region has weak economic base,
low social education level but more poverty areas.

The construction of the Project can attract not only a lot of capital investment but also a
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lot of social funds, significantly promote the local economic development and greatly
improve the local infrastructure condition, such as electric power, transportation, medical and
sanitation conditions as well as education. Thus, it will be more conducive to attracting more
funds, bring development opportunities to all sectors, promote the rapid development of local
construction, services and other related industries, increase employment and local taxes,
promote the development of the region's other resources, and promote the rapid development
of the regional economy.

2.5.4 Favorable Construction Conditions

Lake Victoria and Lake Kyoga are upstream of the dam site of the Project, so the runoff
is affected by the regulation storage effects of two natural lakes. The discharge of the Nile
River downstream has small daily changes, runoff is more evenly distributed in a year,
basically maintaining at 990m>/s or so. Such favorable runoff conditions are conducive to the
construction of Karuma HPP.

Karuma HPP is located on both banks of Kyoga Nile River. The dam site is about 2.5km
to Masindi-Gulu Highway downstream. The tailrace outfall is located within the National
Park, about 9km from the Karuma Bridge upstream. The Project site, about 300km away from
Entebbe International Airport, is located in the northeast of Masindi and in the south of Gulu,
and the highway mileages to the two cities are approximately 110km and 70km respectively.
Thus, the project site has good accessibility conditions.

The Project is located in a relatively flat terrain on the Nile River. Although the project
area is on the equator, due to its high elevation above mean sea level, the whole area has a
mild climate. Good transportation provides convenient delivery conditions for heavy
construction machinery. Thus, there are relatively good construction conditions for the
Project.

Karuma HPP has an installed capacity of 600MW and mean annual energy output of
4.373 billion kW.h. The total construction period is 60 months (including the preparation
period), the total static investment is USD 1.449 billion, the investment per kKW (static) is
2415 USD/kW, and the investment per kW.h (static) is 0.33USD/kWh. The kinetic energy
economic indicators are superior and the power quality is good, thus, the project can better
adapt to the power market demands and possesses strong market competitiveness.

In a variety of energy sources, hydropower, as renewable clean energy, together with
solar, wind, geothermal, biomass energy, is known as the “green power”. As compared with

other renewable energy, hydropower is featured by large scale, low costs, flexible dispatching
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and stable power quality. Thus, its development advantages are obvious.

In summary, the construction of Karuma HPP is in line with the energy development
strategy of Uganda, and facilitates improving the power supply structure of the country's
power system and ecological environmental protection and accelerating the hydropower
resource development in the Nile River Basin and promoting regional economic development,
thus resulting in better economic, social and environmental benefits; the project has no major
technical and environmental problems which restrict its construction and can promote the
local social and economic development. Therefore, the development and construction of

Karuma HPP is necessary.
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3 Hydrology and sediment
3.1 General of basin

Karuma Hydropower Project is located on the Kyoga Nile upstream of the Nile --- the
longest river in the world, and it is also the largest river in Uganda. Upstream the dam site,
there are Kyoga Lake and Victoria Lake. The catchment area at Karuma dam site is
346000km? and the diversion type development is adopted. The dam site is about 2.5km from
downstream Masindi-Gulu highway, about 75km from the northern city Gulu and is about
270km from the capital Kampala. The tailrace outfall is located in Murchison National Park
and about 9km from the upstream Karuma Bridge. The distribution of main rivers in Uganda
is shown in Fig. 3.1-1. The general situation of basins of Nile River, Victoria Lake and Kyoga
Lake are as follows:

Fig. 3.1-1 Distribution of main rivers in Uganda
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3.1.1 Nile River

The Nile River originates from Victoria Lake and outflows from Jinja, Traced
southwards, the Nile River originates from the upstream branch of Kagera Lake in Burundi.
Burundi is adjacent to the boundary between Rwanda -Tanzania and Uganda —Tanzania, is at
mid east of Africa and the origin of Victoria Lake.

Nile River is the sole outflow of Victoria Lake and its origin is the overflowed Ripon
Fall at Victoria Lake, and the fall was inundated because of building the Owen Fall Dam of
Nalubaale Hydropower Plant. Before building Nalubaale Hydropower Plant in 1954, the
water level of Victoria Lake was regulated and controlled by the natural rock dam at north
side of the lake. The ascending lake water overflows from the natural dam and flows into
Victoria Nile. After construction of Nalubaale Dam, Victoria Lake was turned from a natural
lake to a reservoir and its water volume flowing into Victoria Nile is controlled by the Project.
The countries subsidiary to the lake signed related agreements, on basis of which,
“Agreement curve (AC) ” was concluded to regulate the operation of Nalubaale Dam and
control the releases from Victoria Lake. The operation dispatching rules will surely keep the
natural relationship between the water level and the releases of the lake unchanged before and
after building of the dam.

1. Victoria Nile River

The water discharged from Victoria Lake flows through Nalubaale Hydropower Plant
and Kiira Hydropower Plant at the estuary. Nile River passes through Bujagali Fall 15km
downstream Jinja, and flows northwards, then, joins Kyoga Lake in the middle of Uganda.
The Nile River reach from Victoria Lake to Kyoga Lake is about 130km-long and called as
Victoria Nile.

2. Kyoga Nile River

After leaving Kyoga Lake, a 25km-long reach of Victoria Nile traveling westwards is
called as Kyoga Nile. From Masindi Port, the river flows northwards, passes Kamdini, then
flows westwards, and reaches Karuma Fall after traveling 95km. At 5km upstream Masindi
Port, Kyoga Nile joins Kafu River, the biggest tributary of the said river reach. Kafu River
basin has an area of about 13000km?, and during the flood period, it will greatly increase the
flow of Kyoga Nile. Some small tributaries between Masindi Port and Karuma Fall join
Kyoga Nile, but their impact on the main stream is small. The studies show that Tochi River
(the biggest one of these small tributaries, with a basin area of 1818km?) joins Kyoga Nile

about 9.0km upstream the designed dam site, and ratio of its mean annual flow over the mean
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annual flow of Kyoga Nile is below 1%. After leaving Kyoga Lake, Nile River gently flows
and a series of turbulences and falls occur. It flows through Karuma Fall and Karuma Bridge
at southeast of Murchison Fall National Park, and then flows westwards into Albert Lake
whose water level is 410m lower than that of Kyoga Lake. Before flowing into Albert Lake,
the width of Nile River at Murchison Fall is decreased to about 7m, which indicates the
entrance to the western branch of the East African Great Rift Valley. Nile River joins Albert
Lake at opposite of Blue Mountain of Democratic Republic of the Congo.

The catchment area of Kyoga Nile upstream the dam site of Karuma project is about
346000km?, including 264160km? at Jinja downstream Victoria Lake, and the catchment area
at Masindi Port downstream Kyoga Lake is 338300 km?.

3. Nile River downstream of Uganda

Semiliki River joins Nile River at Albert Lake, and Semiliki River originates from
George Lake and Edward Lake of East African Great Rift VValley, and the high rainfall area of
Rwenzori Mountains. Nile River leaves Albert Lake on the north, which is called as Albert
Nile. Nile River continuously flows northwards, passes Nimule and enters Sudan, which is
called as Bahral-Jabal or Mountain Nile. Bahral-Jabal wriggles with turbulence and enters
Sudan Plain and Sudd Swamps, finally flows to Lake No, joins Jabal Gangsa and forms White
Nile River.

White Nile River joins Blue Nile River in Khartoum (capital of Sudan). Blue Nile River
originates from Tana Lake on the highland in Ethiopia. Nile River flows northeastwards, in
this reach Atbara River (with an elevation 322km lower than that of Khartoum) joins Nile
River. After leaving Khartoum, Nile River forms several falls, the first fall occurs on the north
of Khartoum and the 6™ fall occurs nearby Aswan. The black sediment deposits in Atbara
River. Before building of Aswan Dam, the sediments deposit on Nile River Delta to make the
soil fertile. In the river reach from the confluence of Atbara River to Nubian Beach, Nile
River turns by two bends. Nile River forms a delta, divides into Rosetta tributary and
Damietta tributary, and finally flows into the Mediterranean Sea.

Nile River from south to north flows through 10 countries: Tanzania, Rwanda, Burundi,
Congo, Uganda, Kenya, Sudan, Eritrea, Ethiopia and Egypt. The total length of Nile River
from its origin to its estuary at the Mediterranean Sea is 6695km, and that from Victoria Lake
to the estuary at the Mediterranean Sea is 5584km. The river has a catchment area of 2.9
million km?, and in the river basin there are five main lakes: Victoria Lake, Kyoga Lake,

Albert Lake, Edward Lake and Tana Lake. The Nile River Basin in Uganda covers massive
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wet lands and forms dense rivers, lakes and marshes. Nile River flows from the highland with
sufficient water through semi-drought lowlands to drought-area.
The river system map of Nile River Basin upstream the dam site of Karuma HPP is

shown in Fig. 3.1-2, and that of the whole Nile River Basin is shown in Fig. 3.1-3.

Fig. 3.1-2 River system map of Nile River Basin upstream dam site of Karuma HPP
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Fig. 3.1-3 River system map of Nile River Basin
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3.1.2 Victoria Lake

Victoria Lake, the second biggest fresh lake in the world, is in East Africa and its lake
surface is located at southern latitude 4°00°00” to northern latitude 1°04°00”, and east
longitude 31°15709” to east longitude 35°00700”. The lake surface has area about 68457km?,
including 28665km? in Uganda. Victoria Lake belongs to three countries: Its northern portion
belongs to Uganda, southern portion belongs to Tanzania, and the northeast portion belongs to
Kenya. The lake has its highest depth of 84m and mean depth of 40m. The coastal line is
meandering with a total length of 4828km and there are many islands within the lake. The
catchment area upstream Jinja is about 264160km>.

At Jinja, the lake water is discharged to Victoria Nile from its northern bank. The
historical highest and lowest water level of Victoria Lake surveyed at Jinja is 13.33m and
10.28m respectively. The elevation of base level or zero water level at Jinja is 1122.86m. In
the lake region, the mean annual rainfall is seasonally distributed in form of double-peak, and
the highest peak occurs from March to May and from September to November. The rainfall
over the lake surface is higher than that in the basin. The rainfall in sub-basins varies greatly,
and the rainfall in southeast area is merely 668mm, while that in northwest area is 2550mm.
Since the releases of Victoria Lake is controlled and regulated, the discharge at Jinja is unable
to reflect the relationship between the natural rainfall and the runoff in a specific year.

3.1.3 Kyoga Lake

Kyoga Lake is a large-size shallow lake and is located at about 120km downstream Jinja
in center of Uganda. In addition to Victoria Nile, the water of the lake is also from Okot River,
which originates from Elgon Mountain at the boundary between Uganda and Kenya. Kyoga
Lake was formed by inundation of many valleys, and it extends westwards along the foothill
of Elgon Mountain. The area of the lake surface is about 1720km?, and the maximum length
IS 200km. Kyoga Lake is a shallow lake, with the mean annual water depth and max. water
depth of 3m~4m and 5.7m respectively.

Kyoga Lake system includes Kyoga Lake (lake area about 1720km?), Kwania Lake (lake
area about 780km?), Basina Lake (lake area about 130km?) and other 30 small lakes. The
distance between the entrance where Victoria Nile flows into Kyoga Lake and the outlet
(Lwampanga Lake) where Kyoga Nile River leaves Kyoga Lake is about 80km. After leaving
Kyoga Lake, Nile River runs westwards for 25km before reaching Masindi Port.

1-76



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

3.1.4 Owen Fall Hydropower Plant

Owen Fall Hydropower Plant consists of concrete gravity dam and left bank ground
powerhouse at dam toe and the dam is provided with a set of power intakes. The discharge of
Victoria Lake is controlled by ten turbines and six sluices, and the maximum discharge of the
sluices is 1200m*/s. Owen Fall Hydropower Plant follows the operation dispatching rules as
per the “Agreed Curve” to keep the discharge of Victoria Lake consistent with that before and
after building Owen Fall Dam. Before building of dam, the discharge was naturally controlled
by the rock barrier at Ripon Fall. In 1990s, Owen Fall Hydropower Plant was expanded and
rebuilt (Kiira Project), its installed capacity was increased to 200MW, and the main works
was completed in 1999.

3.1.5 Agreed Curve

In 1950s before construction of Owen Fall Dam, the outflow of the Victoria Lake was
controlled by Ripon Fall that plays a role of natural weir, thus, the flow of Victoria Nile varies
with change of the water level of Victoria Lake. On basis of the agreement concluded
between Uganda and Egypt (1949 and 1953) the agreed curve was formulated, which is used
for discharge of lake water to keep the relationship between stage and discharge of Victoria
Nile consistent with the natural relationship before building of dam. The stage-discharge
curve is plotted to El.12m, on basis of the measured stage and discharge at Jinja and
Namasagali (about 80km downstream Owen Fall). In 1960s, the stage was raised above 12m
due to heavy rainfall. Due to improper observation section in Namasagali and the impact of
backwater of Kyoga Lake, the values of the stage and the discharge surveyed by Namasagali
and Mbulamati Hydrometric Station along bank of Victoria Nile were inconsistent.

In 1966, the agreed curve was extended with physical hydraulic model developed by
Hydraulic Research Station (HRS) (after correction of section at Ripon Fall). On basis of the
survey achievements of 1957, the model is calibrated to characterize the fall overflow, and
then the model is corrected until the known portion of the agreed curve (from 10.3m to 12.0m
at Jinja), which can well fit the model-calculated rating curve. This model can extend the

agreed curve to over-12m elevation at Jinja. The agreed curve is shown in Fig. 3.1-4.
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Fig. 3.1-4 Agreed curve (rating curve of Victoria Nile at Jinja)
3.2 Meteorology
3.2.1 General of meteorological conditions

The Nile River basin in Uganda prevails with tropical savanna climate, and there are two
rainy seasons (March-May, and August-November) and two dry seasons (December-February
and June-July). The climate in southern region of Uganda is greatly affected by Victoria Lake.
Due to regulation of temperature and humidity by Victoria Lake, the southern region of
Uganda is always wet and rainy. From south towards north, the dry season gradually appears
and the features of the tropical savanna climate become increasingly obvious.

The current feasibility study involves meteorological statistic data collected through
diffrent sources in several cities of Uganda. Gulu and Masindi Port is nearby Karuma dam site
and the meteorological statistic data collected there can be used as reference for design of
Karuma Hydropower Project.

3.2.2 Rainfall

In Nile River Basin of Uganda, the precipitation appears in form of rainfall. Generally,
the rainfall is dependent on the international convergence zone (ITCZ) and terrestrial
topography. In general, the rainfall increases southwards with increase of elevation. Atlantic
Ocean and Indian Ocean supply Nile River Basin great amount of water vapor, crossing of dry
northeast wind and wet southwest wind results in formation of ITCZ. In case of clustering of
wind, the wet air is forced to ascend, which results in condensation of water vapor. The wet
air from Equator Atlantic Ocean and Indian Ocean flows towards inland and their

encountering with topographic barriers will result in strong rainfall.
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The stable rainy seasons in the basin are mainly in March-May, and August-November.

The dry seasons are December-February and June-July. The spatial distribution of rainfall is
also affected by Victoria Lake and local topography. In general, the farther the place is from
the lake, the less the rainfall. The rainfall in mountainous area is much high. The main regions
of relatively high rainfall are the middle- west portion of Victoria Lake and the slope of Elgon
Mountains. The mean annual rainfall is 900 mm to 2000mm.

According Study on water balance of Kyoga Lake and hydrology of Victoria Nile”, the
location maps of the rainfall stations used in the Report is shown in Fig. 3.3-1, and the data
about average monthly rainfall and annual rainfall in these stations Is shown in table 3.2-1

In addition, as per Project for Master Plan Study on Hydropower Development in the
Republic of Uganda (Japan Koei Co., Ltd.), the rainfall statistic results of meteorologic
stations of main cities in Uganda are shown in Table 3.2-1 and the mean annual rainfall
obtained thereof is 1320.4mm.

Table 1 of Rainfall Statistics of Main Meteorological Stations in Uganda

Table 3.2-1 Unit: mm

Location Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. [Aug.| Sep. | Oct. | Nov. | Dec. |Annual
Kakaoge 38 44 | 111 | 152 | 139 | 68 | 73 | 109 | 139 | 165 | 129 70 | 1237
Vukula 45 61 | 126 | 215 | 199 | 101 | 89 [ 121 | 131 | 140 | 128 71 | 1426

Kabermaido 31 52 | 85 | 156 | 175 | 103 | 99 | 147 | 140 | 136 | 99 50 |1273

Aduku 27 53 | 101 | 154 | 158 | 100 | 102 | 157 | 157 | 170 | 104 45 | 1329

Average 35 51 | 105|171 | 169 | 96 | 100|143 | 145 | 152 | 111 56 | 1335
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Table 2 of Rainfall Statistics of Main Meteorological Stations in Uganda

Table 3.2-2 Unit: mm
Location Jan. | Feb. | Mar. | Apr. [ May | Jun. | Jul. | Aug. [ Sep. | Oct. | Nov. | Dec. | Annual
Jinja 67.0 | 73.5|139.4|190.4|148.1| 64.9 | 65.9 | 89.0 |104.9|134.5|166.7| 90.6 | 1334.9
Kampala | 68.4 | 63.0 (131.5(169.3|117.5| 69.2 | 63.1 | 95.7 |108.4|138.0(148.7| 91.5 | 1264.3
Kasese 279 | 37.8 | 83.9 |130.1|100.2| 45.8 | 36.7 | 67.5 | 87.9 |105.5|104.2| 62.3 | 889.8
Arua 175 36.6 | 90.7 |120.4|127.6|146.4|154.5|216.9|173.0|{209.5|125.1| 29.8 | 1448.0
Lira 35.0 | 25.7 | 76.8 |176.1|164.8(117.5|166.1|186.8|161.1|193.9|152.0| 58.0 | 1513.8
Entebbe | 91.9 | 82.2 [182.0(253.3(251.9|117.2| 71.8 | 79.2 | 77.4 {135.7(172.1|135.8| 1650.5
Tororo 55.0 | 78.0 |138.0|225.0(224.0/108.0( 96.0 |118.0(111.0|125.0|{109.0| 78.0 | 1465.0
Soroti 37.8|34.1)|906 |167.9|171.1|105.8|130.2|163.1|136.1|158.4|113.6| 37.7 | 1346.4
Gulu 18.2 | 16.2 | 71.2 |163.8|161.5|147.4|170.4|216.0|147.8|197.7|108.1| 37.2 | 14555
Masindi
Dort 30.3 | 32.5|109.7|157.0|151.9| 80.3 |108.6|138.4|143.2|184.1|130.4| 60.8 | 1327.2
Paraa 15.6 | 37.8 |100.1|154.5(111.2| 82.0 | 96.3 |114.2(150.9(166.3|127.1| 43.1 [ 1199.1
Apach 15.6 | 37.8 |100.1|154.5|111.2| 82.0 | 96.3 |114.2|150.9|166.3|127.1| 43.1 | 1199.1
Nakasongola | 34.1 | 31.6 | 85.5 [163.8|125.6| 64.1 | 78.2 | 98.1 [100.9|134.5(118.1| 37.7 | 1072.2
Average | 39.6 | 45.1 |107.7|171.2|151.3| 94.7 |102.6|130.5|127.2|157.6|130.9| 62.0 | 1320.4

3.2.3 Temperature

In Uganda the climate is mild and the temperature in the entire year is medium. In Nile

River Basin, the mean air temperature is about 23°C, sometime, the maximum air temperature

rises to 35°C, while in winter the lowest air temperature may drop to 8°C. The mean annual

temperature surveyed at Masindi nearest to Karuma HPP is 22.5°C, the lowest mean monthly

temperature (in August) is 19.8°C, and the highest mean monthly temperature (in December)

is20.7°C.

According to Project for Master Plan Study of Hydropower Development in the Republic

of Uganda, the monthly average temperature statistics at meteorologic stations of main cities

in Uganda are shown in Table 3.2-3.
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Temperature Statistics of Main Meteorological Stations in Uganda

Table 3.2-3 Unit: C
Station | Jan. | Feb. | Mar. | Apr. [ May | Jun. | Jul. |Aug.| Sep.| Oct. | Nov. | Dec. Annual
average

Jinja | 228 235 | 234228224219 |215(219|225| 227 | 225 | 225 | 225

Kampala | 23.2 | 239 235229226 | 223 | 22 221|226 226 | 224 | 228 | 227

Kasese | 23.8 | 245 (246 246|244 | 241 (239 (242|242 236 | 234 | 234 | 241

Arua 239 25 |249|238(232|225(218|21.8|224| 225 | 226 23 23.1

Lira 228 | 236 | 23.4(224 (218|213 |211|212|214| 215 22 221 | 221

Entebbe [ 22.9| 234 | 233|227 224|221 |218| 22 (224 226 | 223 | 22.7 | 226

Tororo | 23.2 | 23.6 [23.6| 23 |225| 22 |21.7|21.8(222| 226 | 224 | 228 | 226

Soroti [ 253 26.2 | 26 | 25 (242|238 |23.3|235(244| 243 | 243 | 249 | 246

Gulu 25 | 262 | 26 | 247 24 | 236 | 23 | 23 (238 238 | 239 | 246 | 243

Masindi | 21.8 | 21.7 [21.3|20.6|20.3| 203 | 20 |19.8| 20 | 20.2 | 205 | 223 | 20.7

3.2.4 Temperature

Though Uganda is an inland country and is about 800km from the Indian Ocean, its
relative humidity (RH) is relatively high due to action of Victoria Lake and other lakes. About
34% of area of the country is covered by wet lands, and there are dense rivers, lakes and mires
in the wet land.

According to the Project for Master Plan Study of Hydropower Development in the
Republic of Uganda, the RH statistics of the meteorological stations in main cities of Uganda
are shown in Table 3.2-4.

Relative Humidity Statistics of Meteorological Stations in Main Cities of Uganda

Table 3.2-4 Unit: %

Annual

Station | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
average

Soroti | 54.5 | 50.2 | 59.5 | 63.5 | 69.6 | 68.8 | 69.2 | 69 |63.2 | 63.9 | 59.6 | 53.3 | 62.0

Gulu | 444|386 |508|648 |66.7|66.2|687| 71 |652]| 659 | 61.3 | 50.1 | 59.5

Masindi | 57.7 | 56.9 | 64.7 | 70 | 719 | 715|745 | 773|756 | 76 | 719 | 63.8 | 69.3
3.25 Wind speed

According to the Project for Master Plan Study of Hydropower Development in the

Republic of Uganda, the wind speed statistics of the meteorological stations in main cities of

Uganda are shown in Table 3.2-5.
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Wind Speed Statistics of Meteorological Stations in Main Cities of Uganda

Table 3.2-5 Unit: km/h
Station | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. [ Oct. | Nov. | Dec. Annual
average

Soroti 12 {133 |115| 10 | 78 | 85| 94 | 91 |104| 88 | 109 | 108 | 10.2

Gulu 91| 84 |86 |76 |63 |57 ] 61]|61]|67 7 7.2 8.6 7.3

Masindi | 77 | 81 | 75 | 74 | 7 |59 | 6 |58 |61 | 63 | 66 | 7.2 6.8
3.2.6  Wind velocity

In Uganda, the domestic annual evaporation is 1300mm~1900mm, in an entire year the

evaporation of each month is rather similar, and the evaporation in northern region is higher
than that in southern region.

The evaporation contour map of Uganda is attached in Project for Master Plan Study of
Hydropower Development in the Republic of Uganda, as shown in Fig. 3.2-1. According to
related reports, the annual evaporation of Victoria Lake is 1595mm, and that of Kyoga Lake
IS 1600mm.
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Fig. 3.2-1 Contour map of Uganda evaporation
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3.3 Basic hydrological data
3.3.1 Particulars of hydrological network and data

From upstream to downstream, Victoria Nile and Kyoga Nile River are separately
provided with Jinja, Namagali, Masindi Port, Kamdini and Fajao hydrological stations, and
their locations are shown in Fig. 3.3-1. At this stage of the project, the related data are

collected at Jinja, Masindi Port, and Kamdini, which are detailed in Table 3.3-1.

Fig. 3.3-1 Location map of main hydrological stations in Victoria Nile and Kyoga Nile River

Basin
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Data available at hydrological stations along main reaches of Nile River in Uganda
Table 3.3-1

Basin
Station area Period of available data series

(km°)

January 1970-March 2008 (data from 1975~1988 missing, and data of some months

Jinja | 264160 1351990, 1991, 1994 and 1995 missing)

Masindi 338300 February 1947-May 2009 (data of 1953 and 1979~1988 missing, and data of some
Port months in 1994 and 1995)

Kamdini | 346000 |January 1896-May 2009 (lack of data of 1996 missing)

Note: Here, the data series of each hydrological station include the portion obtained through
interpolation and expolation.
India Energy Infratech Private Limited Corporation (hereafter called as India EIPL

Corporation) collected some hydrological-meteorological data from some organizations of
Uganda (such as MEMD and Water Development Directorate (WDD)). In addition, data are also
collected from other literatures such as of Uganda government and reports and they are described
below:
3.3.1.1 Dataon flows

The flow data at Jinja, Masindi Port, Kamdini and other places are taken from the study
on “Victoria Nile Hydrology” and the data issued from Nalubaale Power Generation Project,
which are described as follows:

(1) Uganda Water Development Directorate

The survey data and flow data collected from Uganda Water Development Directorate

(WDD) are shown in Table 3.3-2.
Table of observation data of Uganda Water Development Directorate

Table 3.3-2

No. Place Type of data Period
1 Entebbe Daily water level 1962.1-2009.7.(discontinuous)
2 Bugando Monthly water level 1962.1-2009.7.
3 | Jinja Daily flow 1970.1-1980.5.; 1989.1-2008.3.(incomplete)
4 | Masindi Port Daily water level and flow [1947.2-1978.9.; 1992.1-2009.5.(incomplete)
5 Kamdini Daily flow 1950.8-1980.12.; 1997.1-2009.5.(incomplete)

Note: Bugando is located on the southern bank of Victoria Lake in Tanzania
From the day-to-day flow date collected from Jinja and Masindi Port (Victoria Nile) and

Kamdini (Kyoga Nile River), the 10-day flow and mean annual flow are calculated. The data
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collected from the above-mentioned places are shown in the bar diagram of Fig. 3.3-2.

Fig. 3.3-2 Bar diagram of data collected from (Uganda) Water Development Directorate

The annual runoff at Jinja, Masindi Port and Kamdini collected from Water
Development Directorate are plotted on Fig. 3.3-3~Fig. 3.3-5. The annual runoff at Kamdini
varies from 14088x10°m?® to 50218x10°m?, and the mean annual runoff is 29971x10°m?.

Annual Flows at Jinja
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Fig. 3.3-3 Annual flow at Jinja
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Annual Flaws ot Masindi Port
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Fig. 3.3-5 Annual flow at Kamdini

Usually, each hydrological station makes twice surveys daily, and irregularly observes
the flows (monthly or quarterly). From the above description, it is clear that the routine flow
monitor is not made at many stations, and the daily water level is not observed for many years,
especially from 1981 to 1997 at Kamdini. Thus, the data on water level and flow observed in
several years are jointly used to plot the stage-discharge curve, however, due to lack of survey
materials on water level, the data on flows at Kamdini and Masindi Portare unavailable from
1980 to 1997.

(2) Discharges Data of Owen Fall Dam
The monthly operation data of Owen Fall Dam (January 1971-November 2003) obtained
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from Uganda Water Development Directorate (WDD) includes the lake water level, the flows
through dam sluice and the flows through turbines.

(3) The data obtained from materials of secondary sources - “Master Plan on
Hydropower Development”, Part | (Final report)

The following effective data are obtained from “Master Plan on Hydroelectric Power
Development” (prepared by Kennedy & Donkin Electric Power Co., Ltd. Part | (Final report)
Volume VI, “Hydrological Report of Nile River downstream Victoria Lake, November 1997”
(herein after called as Kennedy & Donkin report):

a) Victoria Lake —-month-end lake water level, January 1896~November 1995

b) Victoria Lake —Corrected monthly flows, January 1896~December 1995

c) Monthly flows of Nile River downstream Kyoga Lake, April 1912 ~September 1978

d) Monthly flows at Kamdini of Kyoga Nile River, January 1940 ~December 1980

e) Masindi Port —month-end survey water level (m) January 1964~ December 1977

f) Victoria Lake —net water supply volume to the basin, January 1896~December 1995

g) 10-daily mean water level (m) at Kamdini of Kyoga Nile River, November 1940~July
1980

h)10-daily flow (m*/s) at Kamdini of Kyoga Nile River, January 1940 ~July 1980

Flows were observed at several places along the Victoria and Kyoga Nile River. From
1939, the flows were observed at Masindi Port of Kyoga Nile River, however, in 1939,
merely one flow value was observed. Similar flow observation was made at Kamdini from
1940 to 1959. Clearly, the flow observation at Masindi Port or Kamdini was rarely made.

The report records the monthly discharge series of Kyoga Lake from 1896 to 1995 and
the report includes the discharge series from 1896 t01912 and 1912-1939 (on basis of the
straight line-calibrated stage-discharge curve of the surveyed discharge value of Fajiao
downstream Kabalega Fall from 1907 to 1932), the discharge series from 1940 ~1980 (on
basis of discharge at Kamdini), and the discharge series from 1980 to 1995 (on basis of
regression analysis of discharge at Victoria and Masindi Port). Item 5 of Section | in Kennedy
& Donkin Report indicates that the discharge from 1912 to 1939 estimated from Fajiao rating
curve shall be used carefully. The stage-discharge curve plotted on coordinate paper usually is
of a parabolic shape, while the stage-discharge curve calibrated with straight line may result
in underestimate of discharge.

Moreover, the discharge value obtained through relationship between the discharge of
Jinja and Kamdin of the period from 1896 to 1911and from 1980 to 1995 is also unreliable,
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since their relationship is rather scattered. Hence, the discharge of Kyoga Lake from 1940 is
much reliable.
3.3.1.2 Data on sediment

Since Kyoga Nile River flows through Kyoga Lake and most of its sediments settle
down in Kyoga Lake, the content of sediment in river downstream Kyoga Lake is low. At this
stage of the project, long series of sediment data is yet not received from hydrological stations
downstream Kyoga. The survey shows that the test of sediments has not been conducted in
Uganda in long period of time. In the report of NORPAK Electric Power Co., Ltd.
(NORPAK), the mean sedimentation rate at Masindi Port is estimated of 8.7mg/l and that at
Tochi River is of 7.7mg/l. India EIPL Corporation in its feasibility study report of 2010
adopted this conclusion.

According to the sediment concentration data measured irregularly at Masindi Port
Hydrological Station and Il hydrological stations from 1999 to 2003 and from 2006 to 2007,
which were collected by HYDROCHINA HUADONG in January 2014, the annual average
sediment concentration at Masindi Port Hydrological Station and the Il hydrological stations
is calculated at 9.40mg/l and 10.64mg/I respectively. The mean value, i.e. 10.02mg/I, is taken
as the sediment concentration of suspended load at the dam site of Karuma HPP.

3.3.2 Check of materials and selection of calculation series
3.3.2.1 Check of materials

In order to carry out hydropower planning and design in the basin, many research bodies
and engineering units have conducted related analysis on the hydrological data of Victoria
Nile and Kyoga Nile River and obtained several assessment achievements by analysis of
water balance of Victoria Lake, and the releases of Victoria Lake and Kyoga Lake. The main
contents and conclusions of the current-collected research reports and achievements are as
follows:

1. “Karuma Hydropower Project”, Volume Ill, Hydrological Research -India
Energy Infratech Private Limited Corporation

The report was prepared by India EIPL Corporation in December 2010, which mainly
checks, analyzes and calculates the hydrological data collected from different departments
through different channels, and presents a good comprehension of the hydrological regimes of
Victoria Nile and Kyoga Nile River. The report directly uses Kamdini Hydrological Station
about 9.0km upstream the dam site of Karuma HPP as the reference station for project design,

and gives no consideration of runoff correction. The main conclusion is as follows:
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Runoff: The report thinks that it is unnecessary to use the full-series of runoff formed at
Kamdini Hydrological Station data through interpolation and extension from 1896 to 20009,
and after analysis and check of many related researches and engineering reports the report has
the opinion that the data of Kamdini Station before 1940 obtained through interpolation and
extension (such as relationship and rating curve) are doubtful in many aspects and have low
creditability. After 2000, due to expansion of Owen Power Plant, the discharges of Victoria
Lake were not strictly consistent with “Agreed curve”, its runoff series and the runoff series
before 2000 are unable to meet the “conformity” requirements in calculation of runoff, and
are not adopted. Thus, the report finally adopts the data of runoff series of Kamdini
Hydrological Station from 1940 to 2000 (data of 1996 missed) to calculate the runoff at
Karuma dam site.

Flood: The maximum daily flow series is obtained by multiplying the annual maximum
peak flood flow series at Kamdini Station from 1950 to 1980 and from 1997 to 2009 by an
amplification coefficient 1.2. The report has the opinion that the flow values obtained by the
flow relationship between Jinja and Kamdini in 1896 ~ 1911 and 1980 ~ 1995 is possibly
unreliable. Since the related plot points of the two are rather dispersed, the flood series was
not subjected to interpolation and expolation.

In the report, the 10000-year peak flood flow at Kamdini Hydrological Station is
4657m?/s, which is obtained after Gembel frequency calculation with the peak flood series of
the said station from 1950 to 1980 and from 1997 to 2009.

Sediment: The estimation conclusion of Norway NORPAK Corporation is used, i.e. the
mean sedimentation concentration at Masindi Port is 8.7mg/l, and that at Tochi River is
7.7mg/l.

2. “Master Plan on Hydropower Development” -Kennedy & Donkin Electric Power
Corporation

Kennedy & Donkin Electric Power Corporation prepared, for Uganda Electric Power
Bureau, the Hydrological Report of Nile River Downstream Victoria Lake, Volume VI, Part 1
(final edition) of the “Master Hydropower Development Plan” (November 1997). The report
examines the hydrology of Nile River reaches downstream Victoria Lake and Kyoga Lake
and provides the reliable flow series of each survey station for planning the hydropower
projects in the basin. The report briefs the used method, summarizes the long-term relation
curves of flow, stage and discharge of Jinja, Masindi Port and Kamdini downstream Victoria

Lake, and compares the discharge characteristics of these stations. It tries to conduct study on
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water balance of Kyoga Lake. However, as no sufficient data of lake areas, inter-reach
inflows and the precipitation, work is unable to deeply continue.

The long-term flow series of these stations are derived on basis of the stage-discharge
curve, while these curves are prepared on basis of finite surveyed water level flow values and
daily recorded water level at different places.

The conclusion obtained through comparison of the outflow at Jinja of Victoria Lake
with the flow at Kamdini is that: In the period of low flow period and high flow period,
Kyoga Lake system is subjected to net loss and net gain respectively.

Comparison of the flow at Masindi Port and Kamdini shows that the inflow of tributaries
between the two places is relatively low, and the contribution of the main tributary Tochi
River is less than 1% of the flow of Kyoga Nile River.

The limitations of the study at this time are as follows:

a) The flow at each station is estimated by the stage-discharge curve derived from the
finite measured values of water level and flow.

b) The values of water level and flow observed at Masindi Port, Kamdini and Fajiao
are inconsistent.

c) The flow at Kamdini is estimated merely with two stage-discharge curves (one is
from 1940 to 1961, and another is from 1962 to 1977) and the two curves are greatly different
in low flow and high flow periods, which denotes big variation in size of observation area.
Thus, the water level/ flow estimated from these curves is likely not very reliable.

d) The interpolation and extension flow series of Kamdini from 1896 to 1940 obtained
from the limited data and the relevance of several assumptions is not reliable.

e) The flow at Masindi Port from 1912 to 1939 estimated with linear stage-discharge
curve is inadequate, and it would result in estimated flow lower than the actual flow.

3. Nile River Hydrological research (ACRES) --Canada Engineering Corporation

The research, mainly by check and assessment of the existing research reports, obtains a
long-term hydrological reference data series for planning the proposed expansion project of
Owen Fall Hydropower Plant. ACRES carefully checks and assesses the previous researches,
conducts study on hydrological balance of Victoria Lake, reviews the stage-discharge curve of
Ripon Fall and the Agreed curve, and obtains the long series hydrological data of Victoria
Lake from 1900 to 1990, such as water level, inflow and outflow. The findings of this
research are as follows:

a) The lake water evaporation loss is equivalent to the order of magnitude of annual
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rainfall over the lake surface, and the inflow volume from tributaries to the lake is also
equivalent to the order of magnitude of releases from the lake to Victoria Nile.

b) Before building of Owen Fall Dam, the rating curve at Ripon Fall of Victoria Lake
was based on the measured flow at Namasagali, however, its achievements are doubtful due to
impact of backwater.

c) The rating curves of other downstream hydrological stations are suspected to correct
purposely for keeping them consistent with outflow record of Owen Fall.

d) The sum of the power discharge and lockage discharge at Owen Fall Power Plant
recorded since 1961may be estimated as the actual outflow of lake.

e) The rise of water level of Victoria Lake in early of 1960s was mostly attributed to
increase of rainfall. The report provides several references describing high water level at end
of 19" century.

f) The lake after change of water level would require long time to reach the balance
water level. The conclusion of IOH analysis indicates that the water level of the lake trends to
the lowest balance water level of 1133.5m and the highest balance water level of 1135.4m.

4. “Study on optimization by EDF”, Nile River Hydrology (June 1999)

For hydropower planning, EDF studies and checks the water balance of Victoria Lake
and the early estimation of discharges downstream Victoria Lake and Kyoga Lake. The main
conclusions obtained from reviewing the previous researches are as follows:

a) The rise of the water level of Victoria Lake from 1961 to 1964 is attributed to
continuous increase of regional rainfall, instead of the operation mode of Owen Fall Dam. In
this period, the water level of other lakes in East Africa also rose.

b) The future hydrological regime of Victoria Lake shall never be estimated merely on
basis of the records from 1900 to 1960 (Provided that the rise of water level from 1961 to
1964 was merely an accidental phenomena, then, Victoria Lake will restore to its previous
balance state some day), or merely on reference to the data after 1964 (If the measured flow
before operation of Owen Fall Hydropower Plant is doubtful).

c) There is no evidence to show that the abrupt rise of water level of Victoria Lake in
early of 1960s is an accident and the future state of the lake will likely recover to the earliest
mean water level 11.05m.

d) Comparison of the stage-discharge curves at Namasagali and Agreed curve shows
that the Agreed curve underestimates the outflow of Victoria Lake.

e) The outflow data of Victoria Lake for a relative long period 61year (from 1896 to 1956)
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worked out on basis of the two curvesis of Namasagali are not very reliable.

5. Water balance of Kyoga Lake and Hydrological research of Victoria Lake
-NORPLAN Electric Power Co., Ltd. (NORPLAN)

NORPLAN Electric Power Co., Ltd. (NORPLAN) (in May 2007) studied the
hydrological regime of Nile River downstream Victoria Lake and Kyoga Lake and tried to
study on the water balance of Kyoga Lake for assessing the impact of inflow of Kyoga Lake
and the net increase/decrease of outflow. The comparison between the outflow of Victoria
Lake and the outflow obtained from the Agreed curve shows that the outflow of Victoria Lake
from January 2004 to August 2006 is 500m*/s higher than the value of the Agreed curve. The
flows of Nile River at Jinja, Masindi Port and Kamdini were compared. In addition, the water
balance of Kyoga Lake is studied and the conclusion is as follows:

a) The outflow of Victoria Lake is almost kept unchanged until Kyoga Lake, as merely
a few of mini-tributaries join the river within the river reach.

b) The impact on the flows from Victoria Nile to Kyoga Lake is very complex and is
difficult to quantize. The flows are delayed and weakened by the lakes with large regulation
capacity.

c) The impact of the lake on the flow is dependent on the net contribution of rainfall
directly dropping to the lake, the evaporation, and the inflow of tributaries.

d) The biggest tributary Kafu River of Kyoga Nile River joins Kyoga Nile River at
about 5km upstream Masindi Port upstream, and in flood season it will increase the raise
amplitude of flows of Kyoga Nile River.

e) Several small tributaries between Masindi Port and Karuma Fall join Kyoga Nile
River, however, the impact of these tributaries to the flow on the main river is slight.

f)  The flat shape of flow duration curve at Jinja of Victoria Niles shows the attenuation
effect of Victoria Lake results in small seasonal change of outflow.

g)Due to poor estimation precision of rainwater, uncertain lake areas at different
elevations, and insufficient information on inflow of tributaries, the study on the water
balance of Kyoga Lake is impossible to predict the outflow precisely.

The opinions in hydrological research on Victoria Nile made by NORPLAN Electric
Power Co., Ltd. (Norplan) are as follows:

The detailed research is made through correlating the limited measured flows at Jinja,
Masindi Port and Kamdini of Victoria Nile and Kyoga Nile River in a given time period. The

stage-discharge curves are worked out from these researches, and on basis of which, the flows
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at these places from 1896 to 2006 are estimated. The report thinks that it is unnecessary and

inadvisable to extend the outflow of Victoria Lake series to 1896 with limited measured flows
obtained at different places. The outflow series thus obtained is likely unreliable. The
estimation acuracy of flows at Kamdini from 1896 to 1912 is not high.

6. Comparison of flows at Jinja, Masindi Port and Kamdini

The collected 10-daily flow process at Jinja, Masindi Port and Kamdini from 1970 to
1978 and from 1997 to 2009 is shown in Fig. 3.3-6and Fig. 3.3-7.

Fig. 3.3-6 Comparison of 10-daily flow process at Jinja, Masindi Port and Kamdini
(1970~1978)

Fig. 3.3-7 Comparison of 10-daily flow process at Jinja, Masindi Port and Kamdini
(1997~2009)
It can be seen that during most of the time periods Masindi Port and Kamdini have the

similar flow process. Usually, the outflow of Jinja which has independent peak and does not
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last long is weakened by the storage of Kyoga Lake.

7. Comparison of flow data ay Kamdini of Uganda Water Development Directorate
and Kennedy & Donkin

Fig. 3.3-8 shows the comparison of flows at Kamdini of Kyoga Nile River respectively
received from Uganda Water Development Directorate (WDD) and Kennedy & Donkin
Electric Power Co., Ltd.

Fig. 3.3-8 Comparison diagram of flows at Kamdini of Kyoga Nile River

The above diagram indicates that the flow processes from two sources are basically
consistent, however, the flow estimated in report of Kennedy & Donkin is somewhat high, which
is possibly resulted from derivation with different stage-discharge curves.

Since the flow data at two places are consistent, the long series monthly flow from 1896
to 2009 is prepared on basis of the existing data of the two places.

The flow data at Kamdini of Kyoga Nile River from August 1950 to December 1980 and
from January 1997 to May 2009 (discontinuous) are obtained from Uganda Water
Development and the monthly flow from 1896 to 1995 was obtained from the report of
Kennedy and Donkin. Thus, the long-term monthly flow series (1896~2009) at Kamdini is
obtained through interpolation of the data obtained from Water Development Directorate into
the missed data in Report of Kennedy & Donkin and extension of the flow series from
January 1896 to July 1950. In consideration of the rating curves at different places and the
relationship between flows at Jinja and Kamdini, the discharge of Kyoga Nile River at
Kamdini are estimated, and discharge statistic parameters of different series length are
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obtained, as shown in Table 3.3-3.

Statistics of Flow Characteristics at Kamdini of Kyoga Nile River

Table 3.3-3
IOV e | vaion
Maximum Minimum | Average

1. 1896- 1912 947 400 701 165 235
2. 1896- 1961 1244 358 635 169 265
3. 1896- 2009 1724 358 864 329 381
4, 1913- 1939 1244 358 604 191 316
5. 1940- 1961 926 448 622 242 .389
6. 1940- 1980 1724 448 956 400 418
7. 1940- 2000 1724 448 994 336 338
8. 1940- 2009 1724 448 1006 323 321
9. 1962- 1980 1724 1043 1343 200 149
10. 1962-2001 1724 836 1206 207 172

Before abrupt rise of the water level of Victoria Lake in 1961, the mean annual flow
calculated from end of the series is 604~701m?/s, and that after 1962 is 1206m>/s-1343m®/s,
almost twice of the value before 1961. This is becausethe water level of Victoria Lake was
relatively high, after 1961, and the flow of Kamdini is mainly dependent on the water level of
Victoria Lake. After 1962, the interannual variation rate of flow is very small and is

0.149-0.172, while before 1961 it was 0.235-0.389.
8. Analysis of correlation Owen Fall releases and downstream station discharges

The correlation of Owen Fall monthly discharge and flows at Masindi Port and Kamdini

in the same period is shown in Fig. 3.3-9 and Fig. 3.3-10 respectively.
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Fig. 3.3-9 Correlation of Owen Fall Dam discharges and Masindi Port monthly
discharges

Fig. 3.3-10 Correlation of Owen Fall Dam discharges and Kamdini monthly discharges

From the diagrams it is clear that the distribution of plots of Owen Fall Dam discharges
and the flows at Masindi Port or Kamdini is dispersed and they have no good correlation,
which is possibly resulted from the storage effect of Kyoga Lake. Due to inconsistency
between Owen Fall discharges and Kamdini flows, some people think that the flow series
derived from the relationship between the outflow volume of Jinja and Kyoga Lake from
1896 to 1912 and from 1980 to 1995 is not highly reliable.
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Hence, in the feasibility study report hereof, the runoff series of Kamdini before 1940 is
not used, and the missed peak flood flow from 1980 to 1995 is not subjected to interpolation
and extension.
3.3.2.2 Selection of calculation series

It is seen from the researches of the above engineering corporations that the discharge of
Kamdini downstream Kyoga Lake from 1912 to 1939 is derived from the straight line type
stage-discharge curve plotted on basis of the finite measured discharge points at Fajiao from
1922 to 1932, and thus the obtained flow value is likely slightly small and has not high
reliability. The discharge from 1896 to 1911 is estimated from the relationship between
outflow of Victoria Lake and outflow of Kyoga Lake from 1940 to 1947 and the related plots
are much scattered. Thus, the estimated discharge at Kamdini from 1896 to 1911 is also
unreliable. The Kennedy & Donkin Report “Master Plan on Hydropower Development”
points out in its Part 1 that: “The flows at Kamdini before 1940 were underestimated and shall
be used carefully”. In consideration of the above factors, the flows at Kamdini from 1896 to
1939 are unsuitable for project planning.

Because the long series (1940 to 2009) of reasonable hydrological data is collected, the
discharge duration curves prepared on basis of the data after 1940 (including the discharges
corresponding to high water level and low water level of Victoria Lake) are much suitable for
project planning. The analysis on several related reports show that, after 2000 when expansion
of Owen Hydropower Plant was implemented, the outflow from Victoria Lake was not strictly
consistent with the “Agreed curve”, the actual discharge is higher than the one specified by
the Agreed curve, thus the discharge of Kamdini after 2000 is unsuitable for project planning.

The analysis of related reports shows that the correlation between the discharge of
Kamdini and the discharge of Masindi Port and Jinja is not ideal, the accuracy of the flow
(flood) series from 1896 to 1912 and from 1980 to 1995 interpolated with this correlation is
not high, thus the interpolation and expolation is unsuitable and unnecessary for the collected
flood series.

Conclusion: Through careful review of hydrological achievements on Kyoga Nile River
Basin in related engineering and research reports and analysis of reasonableness, reliability
and conformity of the base the hydrological data (especially that of Kamdini Hydrological
Station), the reasonable and reliable runoff series of Kamdini Hydrological Station from 1940
to 2000 is used to characterize the mean annual change of runoff at Karuma dam site. The said

runoff series is also the runoff series used in related engineering and research reports for
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calculation of Kamdini runoff, such as “Karuma Hydropower Project, Volume Il
Hydrological research” (India EIPL Corporation, 2010), “Master Hydropower Plan” (Uganda
Electric Power Corporation,1997), “The water balance of Kyoga Lake and Victoria Lake
Hydrological research” (Norway Norplan Corporation, 2007).

From the above description, it is clear that the flow series of Kamdini Station from 1940
to 2000 can well represent the annual overall distribution of the flow and may be used in
analysis and calculation of runoff at the project points, and the annual maximum daily flow
from 1950 to 1980 and from 1997 to 2009 may be used in analysis and calculation of flood at
the project points. The length of hydrological series is acoord with the requirement of related
spefifications in home and abroad.

3.4  Runoff
3.4.1 Characteristics of runoff

The runoff of Kyoga Nile and Victoria Nile River Basin is mainly formed by
precipitation, and the basin is abundent in annual rainfall. Within the basin range, the mean
annual rainfall is 900mm~2000mm. Each year may be divided into two rainy seasons and two
dry seasons. The rainy seasons are from March to May and August to November, and the dry
seasons are from December to February and from June to July.

The runoff of Kyoga Nile River mainly consists of discharges of Kyoga Lake and the
flows from of tributaries downstream Kyoga Lake. The area of basin upstream Masindi Port
(338300km?) accounts for 97.77% of area of basin upstream Karuma dam site (346000km?).
The big tributary of Kyoga Nile River between Kyoga Lake and Karuma dam site is Kafu
River and has basin area about 13000km?. Kafu River joins Kyoga Nile Rive at 5km upstream
Masindi Port, and contribution of its water volume to Kyoga Nile River is usually not high,
however, at floods season it may increase the flood flow of Kyoga Nile Rive. Some small
tributaries join Kyoga Nile River between Masindi Port and Karuma Fall, and their impact on
the main rivers is limited. Several researches show that the mean annual flow of the biggest
tributary Tochi River accounts for less than 1% of the mean annual flow of Kyoga Nile River.
Under the effect of storage of upstream Victoria Lake and Kyoga Lake, the water level of
Kyoga Nile River downstream Kyoga Lake varies gently, and rarely abrupt raises or drops,
and the variation range of runoff in a year is small.

Kamdini Hydrological Station is located about 8.3km upstream Karuma dam site and
was established in August 1950. At this project stage, the calculation on basis of 60-year
runoff series of Kamdini Hydrological Station from 1940 to 2000 (1996 missed) shows that
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the mean annual flow is 995m°/s, mean annual runoff is 31.403 billion m*, mean annual
runoff depth 90.8mm, and mean annual runoff modulus 2.88L/(s-km?). The runoff distribution
in a year in Kamdini Hydrological Station on Kyoga Nile River is shown in Table 3.4-1.

Under the effect of storage of upstream Victoria Lake and Kyoga Lake, the annual
distribution of runoff at Kamdini Station of Kyoga Nile River is rather even, as shown in
Table 3.4-1. The most plentiful runoff occurs in September, and the annual mean monthly
flow is 1056m°/s, accounting for 8.72% of the annual runoff. The minimum runoff occurs in
February, and the annual mean monthly flow is 921m?/s, accounting for 7.24% of the annual
runoff. The ratio of high flow to low flow within a year changes very small. The multiple
proportion of flow in highest flow and lowest flow months is only 1.20.

The interannual variation of runoff is relatively high, and the annual mean flow in the
highest flow year is 1724.4m%/s (1964), 3.85 times of that of the lowest flow year (448.1m%/s
in 1944).

Runoff Distribution at Kamdini Hydrological Station in a Year
Table 3.4-1 Unit: m%s

Month Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Annual

Mean flow | 955 | 931 | 921 | 938 | 974 | 1010 | 1027 | 1051 | 1056 | 1036 | 1035 | 1003 995

Percent (%) | 8.14 | 7.24 | 7.86 | 7.74 | 8.30 | 8.34 | 8.76 | 8.96 | 8.72 | 8.84 | 855 | 8.56 100

3.4.2 Interpolation and expolation of runoff series and representativeness analysis

The analysis and check of the data and information shows that the runoff series from
1940 to 2000 (1996 missed) has good reliability and conformity and the series covers duration
of 60 years, thus, the runoff series of Kamdini Station before 1940 and after 2009 is not
subjected to interpolation and expolation, and runoff series of before 1940 and as well as the
ones after 2009 indicated in other reports is not used. The runoff series from 1940 to 2000 is
also the runoff series used for calculation of Kamdini runoff in related engineering and
research reports such as “Karuma Hydropower Project, Volume Ill Hydrological research”
(India EIPL Corporation, 2010), “Master Hydropower Plan” (Uganda Electric Power
Corporation,1997) and “The water balance of Kyoga Lake and Victoria Lake Hydrological
research” (Norway Norplan Corporation, 2007).

At this time, the runoff series is calculated, and the accumulation curves, residual mass
curves and 10-year deplanation curve are plotted with 60-year (hydrological year) runoff

series of Kamdini Hydrological Station from 1940 to 2000 (1996 missed). The analysis of
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accumulation mean curve (Fig. 3.4-1) shows that the longer the series is, the lower is the
variation amplitude of accumulation mean value. When the series is increased to more than 50
years, the mean value will be stabilized at about 995m*/s. The residual mass curves (Fig. 3.4-1)
clearly shows that in the entire runoff series, the runoff series of obviously slight low flow of
Victoria Nile occurred before early of 1960s, the runoff series of obviously slight high flow of
Victoria Nile occurred after early of 1960s, and between them there are several normal years.

The annual runoff series of Kamdini Hydrological Station includes complete the high flow
period, normal flow period, and low flow period and the three periods occurred alternatively.

In general, the years before 1962 were with low flow and those after 1964 were with high

flow, and those from 1973 to 1976 and from 1981 to 1988 were with normal flow, which

denotes that the annual runoff series of Kamdini Hydrological Station is highly representative.

3.4.3 Calculation of runoff

3.4.3.1 Runoff of Kamdini Hydrological Station

In the previous feasibility study report, the duration curves of mean annual flow are used
to calculate the mean annual flow and the results are shown in Table 3.4-2 and Fig. 3.4-2.

At this time, the empirical frequency is calculated with mathematical expectation
formula, the parameters are estimated with moment, and the statistic parameters are
determined with fitting of Gembel curves and P-1Il curves on basis of runoff series of
Kamdini Hydrological Station from 1940 to 2000 (1996 missed). The runoff calculation
results are shown in Table 3.4-2, and the mean annual flow frequency curves are shown in Fig.
3.4-3 and Fig. 3.4-4 respectively.

Runoff frequencies of Kamdini Hydrological Station calculated with different methods

Table 3.4-2 Unit:m%/s
Statistic parameters Designed value
Source and calculation method Sx (Gembel)|
Mean value P=10%|P=25%|P=50%|P=75%|P=90%

Cv (P-11) |Cs/Cv

Previous feasibility study report

(flow duration curves) 995 - - - - 1034 | 678 | 494
(adopted)

This check (Gembel curves) 995 340 - 1487 | 1196 | 941 | 741 | 594

This check (P-111 curves) 995 0.34 2.0 | 1440 | 1198 | 955 | 746 | 597

From the above table it is obvious that, the mean annual flow of the three calculated

methods is 995m®s, but the designed runoff is somewhat different. In normal flow year, the
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value in the previous feasibility study report is slightly higher than the check results (of this

time) with the Gembel curves and P-I11 curves. In normal but slight low flow year and low
flow year, the value in the previous feasibility study report is slightly lower than check results
in this Gembel curves and P-IIl curves. In consideration of the fact that, in the previous
bidding process of this project, the achievements of previous feasibility study report were
used, and achievements in previous feasibility study report for normal but slight low flow
year and low flow year are rather safe; therefore, the design runoff achievements in previous
feasibility study report for Kamdini Hydrological Station are still used in this feasibility study
report.
3.4.3.2 Runoff of Karuma Hydropower Project

The dam site of Karuma Hydropower Project is 8.3km from upstream Kamdini
Hydrological Station, the basin above the hydrological station has an area of 346000km?, and
there is no big tributary in basin between hydrological station and dam site, and thus Kamdini
Hydrological Station is directly taken as the design reference station for the design and its
runoff data directly used as the runoff data at the dam site. The design runoff for the dam site
of Karuma HPP is shown in Table 3.4-2 and the long series runoff from 1940 to 2000
(excluding 1996) are shown in Table 3.4-3.

According to the 60-year runoff series at Karuma dam site from 1940 to 2000 (excluding
1996), the mean annual flow is 995m%/s, the mean annual runoff is 31.403 billion m®, the
mean annual runoff depth is 90.8mm, and the mean annual runoff modulus is 2.88L/(s-km?).
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Runoff Series Results at the Dam Site of Karuma HPP

Table 3.4-3 Unit: m’/s
Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Q/Z?:gé
1940 502 498 509 532 565 602 631 662 666 636 615 605 586
1941 485 436 526 525 555 596 618 626 652 653 654 712 588
1942 762 759 775 818 918 1040 1081 1078 1086 1004 928 867 927
1943 788 733 690 665 680 695 685 703 688 652 600 542 676
1944 471 448 413 414 449 462 469 468 465 455 432 430 448
1945 405 382 368 348 374 421 461 524 595 610 575 541 468
1946 492 438 390 366 388 407 422 476 551 593 700 704 494
1947 643 600 560 566 651 736 803 868 908 921 838 829 745
1948 750 728 673 659 677 709 737 770 774 759 743 708 724
1949 674 567 578 542 552 556 548 550 576 576 523 474 560
1950 451 421 406 418 438 452 467 447 500 509 472 411 449
1951 367 345 338 368 425 485 522 561 565 573 585 659 484
1952 720 711 690 692 750 724 711 701 733 719 673 618 703
1953 550 498 464 466 489 466 479 481 468 457 457 406 473
1954 379 383 396 407 470 549 603 655 722 739 699 658 556
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Runoff Series Results at the Dam Site of Karuma HPP

Table 3.4-3 (continued) Unit: m%/s

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. :\‘/2?:;
1955 603 562 536 557 593 579 561 568 595 638 605 560 580
1956 524 490 464 463 508 544 577 631 685 722 789 759 597
1957 699 661 632 651 732 847 916 930 923 839 790 731 780
1958 679 641 617 605 644 664 715 747 768 756 682 621 679
1959 587 569 560 557 579 595 604 617 662 702 696 690 618
1960 662 641 643 670 763 865 877 865 881 847 832 776 777
1961 691 614 576 580 606 635 646 716 790 856 1185 1559 789
1962 1655 1569 1533 1513 1556 1585 1582 1585 1597 1599 1598 1569 1579
1963 1484 1474 1378 1424 1599 1705 1721 1740 1721 1579 1501 1549 1574
1964 1587 1608 1564 1601 1695 1690 1699 1867 1991 1912 1781 1696 1724
1965 1652 1589 1587 1639 1660 1647 1611 1512 1413 1375 1385 1373 1537
1966 1329 1290 1318 1397 1458 1489 1543 1520 1513 1473 1471 1389 1433
1967 1300 1214 1160 1131 1159 1210 1263 1264 1241 1273 1259 1342 1235
1968 1354 1300 1326 1340 1539 1687 1702 1674 1585 1502 1495 1454 1497
1969 1404 1420 1453 1442 1514 1577 1556 1508 1470 1405 1347 1341 1453
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Runoff Series Results at the Dam Site of Karuma HPP

Table 3.4-3 (continued) Unit: m3/s
Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. :\‘/2?:;
1970 1296 1211 1203 1262 1373 1477 1545 1534 1583 1562 1536 1449 1420
1971 1378 1322 1245 1205 1244 1269 1263 1279 1310 1289 1260 1185 1270
1972 1081 1081 1064 1129 1115 1139 1149 1107 1106 1089 1238 1234 1128
1973 1237 1205 1166 1125 1179 1225 1186 1218 1235 1234 1212 1165 1199
1974 1108 1021 969 1019 1016 1055 1105 1114 1209 1232 1164 1029 1087
1975 978 953 901 932 849 816 863 962 1091 1432 1392 1238 1034
1976 1174 1095 1059 1047 1077 1130 1131 1105 1145 1092 1046 993 1091
1977 957 1036 908 816 1015 1063 1081 1129 1286 1191 1236 1243 1080
1978 1257 1232 1237 1185 1328 1414 1409 1414 1458 1423 1484 1437 1357
1979 1360 1353 1359 1405 1439 1510 1529 1520 1513 1490 1456 1430 1448
1980 1401 1388 1374 1362 1437 1409 1381 1638 1697 1506 1429 1315 1445
1981 1437 1072 957 1042 1027 1101 1282 1293 1221 1216 1068 856 1132
1982 562 906 853 1051 1084 1314 1309 1029 1025 1063 1195 1128 1043
1983 1195 1314 1296 1306 878 1017 1067 1097 1118 869 906 816 1071
1984 825 912 1120 948 869 889 882 1221 1340 966 1340 939 1020
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Runoff Series Results at the Dam Site of Karuma HPP

Table 3.4-3 (continued) Unit: m%/s

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. :\‘/2?:;
1985 927 893 938 1101 1150 1101 1027 1136 1131 1120 1097 1317 1078
1986 948 821 1051 1161 1093 965 1067 1017 906 935 940 904 984
1987 914 914 863 872 869 863 957 1136 1076 1146 1148 1098 988
1988 923 1054 1004 977 1073 1068 1052 1121 1105 1119 1127 1135 1063
1989 1153 1093 1290 1402 1397 1372 1371 1281 1259 1183 1181 1079 1255
1990 749 849 954 1077 1250 1263 1235 1202 1221 1243 1262 1179 1124
1991 1136 1169 1164 1159 1170 1287 1310 1337 1346 1322 1199 1226 1235
1992 1207 1235 1178 1184 1123 1129 1108 1238 1027 926 951 995 1108
1993 1027 1008 1048 1177 1233 1191 1160 1188 1015 954 900 864 1064
1994 877 862 847 851 860 822 793 875 849 814 818 767 836
1995 991 925 892 944 936 1066 1078 1052 919 909 873 846 953
1997 1046 990 934 935 983 993 998 997 948 937 1051 1229 1003
1998 1233 1237 1240 1244 1148 1190 1212 1238 1211 1226 1313 1256 1229
1999 1189 1157 1135 1146 1256 1289 1253 1194 1147 1191 1182 1136 1190
2000 1058 991 913 877 954 966 1007 1047 1085 1144 1205 1128 1031
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Runoff Series Results at the Dam Site of Karuma HPP

Table 3.4-3 (continued) Unit: m%/s
Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual
average
Mean annual 955 932 921 938 974 1010 1027 1051 1056 1036 1035 1003 995
Percent in annual
8.14 7.24 7.86 7.74 8.30 8.34 8.76 8.96 8.72 8.84 8.55 8.56 100

runoff (%)
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3.4.5 Analysis of reasonableness and sensibility of runoff calculation resuts
3.4.5.1 Analysis of reasonableness of achievements

From Victoria Nile to Kyoga Nile River, Jinja, Masindi Port and Kamdini Hydrological
Station are sequentially established, and their basic particulars and runoff achievements are
shown in Table 3.4-5.

As hydrological data series collected at Jinja Station are merely after 1970, and the data
of many years in the period from 1975 to 1988 and in other years are missed, and they are not
only less in quantity as compared with the data series in the same period at Masindi Port and
Kamdini Station but also can hardly represent the mean annual flow at Jinja, therefore, the
runoff series of Jinja Station and its calculation results are not used in analysis on the
rationality of the runoff calculation for the basin. The complete 10-daily data series (from
1947 to 1952, from 1954 to 1978, from 1989 to 1994 and from 1997 to 2000) of Masindi Port
and Kamdini Station are adopted in modulus calculation of mean annual flow and runoff. The
results are shown in Table 3.4-4.

Data series and runoff calculation results of hydrological stations on

Victoria Nile and Kyoga Nile River

Table 3.4-4
Stati catchment | Tean Runoff Penod_of data SETIeS Existing period of data
tation area (km?) flow modulus used in analysis of series
(m%s) | (dm%s-km?) | rationality
1947~1952 1947 to 2009(data of 1953,
Masindi 1954~1978 1979~1988, and some
Port 338300 1026 3.03 1989~1994 months of 1994 and 1995
1997~2000 missed)
1947~1952
- 1954~1978 1940 to 2000
Kamdini | 346000 | 1044 3.02 1989~1994 (data of 1996 missed)
1997~2000

From the above table it is clear that the change trend of runoff modulus of Nile River
Basin is basically consistent with that of the rainfall and they progressively decrease from
coastal to inland and from east to west. Masindi Port is located at outfall of Kyoga Lake, the
proportion of the upstream interval basin of lake surface area is relatively high, and the runoff
modulus of the interval basin is relatively high. Most of the basin between Masindi Port and
Kamdini is well covered with natural virgin forests, the runoff modulus is relatively low.

From the above table it is clear that the mean annual runoff modulus at Kamdini Station
is lower than that at Masindi Port, the runoff calculation results conform to the distribution
trend of change of rainfall and runoff modulus in Nile River Basin, and thus the runoff results
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at Kamdini used in this calculation are deemed basically reasonable.

3.4.5.2 Analysis of sensibility of calculation results

In this feasibility study, the runoff calculation results of Karuma dam site is calculated
with runoff series from 1940 to 2000 at Kamdini Hydrological Station, with the main reasons
for this selection shown in Section 3.3.2.2 of this report. According to the consulting
comments of China International Engineering Consulting Corporation to “Uganda Karuma
Hydropower Project Feasibility Study Report” (January 2014), it is suggested to make
supplementary analysis of the possible impact on the energy output of Karuma Hydropower
Plant with the runoff series from 1896 to 2009.

So at this time, the mean annual flow at the dam site is calculated with monthly runoff
series from 1896 to 2008 (1996 missed) (totally 112 years), from 1940 to 2000 (1996 missed)
(60-year series, in feasibility study report), and from 1978 to 2008 (1996 missed) (following
Chinese specification on hydrological calculations, the runoff series of the latest 30 years is
used), the runoff calculation results of each series are compared, and the sensibility is
analyzed. The runoff results of each series are shown in Table 3.4-5.

Mean annual runoff results of each series for Kamdini Hydrological Station

Table 3.4-5
Discharge difference as Annual Difference in energy output
Mean compared with energy as compared with feasibility
Adopted calculation period (21%\//\5/) feasibility study outp(g(t108 study
Difference | Percentage kWh) Difference (x | Percentage
(m*/s) (%) 10° kWh) (%)
From 1940 to 2000 (1996
missed), total 60 years 995.1 43.51
From 1896 t0 2008 (1996 | g4 7 | 1304 | 131% | 3885 4.66 10.7
missed), total 112 years
From 197910 2008 (1996 119195 1941 12.5% 50.31 6.80 15.6
missed), total 30 years

From the above table it is obvious that the mean annual flow calculated with 112-year
full-series (from 1896 to 2008) is 13.1% less than the figures stated in the feasibility study
report (series length of 60 years), and the corresponding energy output decreases by 4.66%.
The mean annual flow calculated with the last 30-year series is 12.5% higher than those in
feasibility study report (series length of 60 years) and the corresponding energy output
increases by 6.80%.

The mean annual flow of 995.1m%s is used in the feasibility study report, which is the
middle range among the mean values calculated with the above three series, meets the

requirement of domestic standard on 30-year series length, and covers all the high flow period,
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normal flow period and low flow period. The series-period not used is deemed unreliable

series by many of the relevant researches. Therefore, the figure adopted is deemed in
conformity to the specifications in terms of reliability, consistence and representativeness.
The results of other lengthes of hydrological series in this section are used for sensibility

analysis.
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Fig. 3.4-1 Mean annual flow histogram, accumulation mean curve, residual mass curves and 10-year deplanation curve at Kamdini Station from 1960 to 2000 (1996 missed)
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Fig. 3.4-2 Mean annual flow duration curves at Kamdini Hydrological Station (from 1940 to 2000 (1996 missed)
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Fig. 3.4-3 Mean annual flow frequency diagram at Kamdini Hydrological Station (Gembel curves) (from 1940 to 2000 (1996 missed)
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3.5 Flood
3.5.1 Characteristics of storm and flood

The flood within the basin of Kyoga Nile River and Victoria Nile is formed mainly by
storm. In the basin, the rainfall is plentiful and the mean annual rainfall is 900 mm to
2000mm. The basins are prevailing with two rainy seasons and two dry seasons in a year. The
rainy seasons occur in March ~ May and August ~ November, and the dry seasons are in
December ~ February and from June ~ July.

The flood at Karuma HPP dam site consists of the outflow of Kyoga Lake and the floods
within the interval basin from Kyoga Lake to Karuma HPP dam site. Since the area between
Kyoga Lake outfall and the dam site is less than 10% of the catchment area above the dam
site, the flood at the dam site is mainly dependent on Kyoga Lake outflows. The water area of
both Victoria Lake and Kyoga Lake accounts for more than 20% the catchment area upstream
the outfall of Kyoga Lake, the peak flood after storage of lake is flattened, and the flood
hydrograph is usually in a pyknic shape. The interannual amplitude of variation in flood is
small, the annual measured maximum flow value of the max value is 2298m*/s (September
1964), the minimum value is 632m°®/s (October 1950) and ratio of the maximum value over
the minimum value is 3.64.

3.5.2 Interpolation and expolation of flood series and historical floods
3.5.2.1 Interpolation and expolation of flood series

For hydrological monitoring in Uganda, the usual practice is to have water level
measured twice a day and discharge observed several times a month or a quarter; thus, the
peak flood flow is not detected in many cases. In sorting of the data, the annual maximum
peak flood flow is generally obtained through multiplying the annual maximum daily flow by
an amplification coefficient. At this stage of the project, the annual maximum daily flow data
are collected at Kamdini Station on Kyoga Nile River, which are from 1950 to 1980 and from
1997 to 2009.

Following conclusions are obtained from “Master Plan on Hydroelectric Power
Development” (Part | (Final report) Volume VI) - Hydrology Report for Nile River
Downstream Victoria Lake, November 1997” prepared by Kennedy & Donkin Electric Power
Co., Ltd.:

“...The flow value estimated through the correlation between flows of Jinja and
Kamdini from 1896 to 1911 and from 1980 to 1995 is likely unreliable, since their correlation

is scattered...”
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The conclusion in “Master Plan on Hydroelectric Power Development” that the flow at
Kamdini Station from 1980 to 1995 is not subjected to interpolation and expolation is
accepted and cited by the previous feasibility study report. In this feasibility study, this
conclusion is used, and the flow (flood) series from 1980 to 1995 is not subjected to
interpolation and explation.
3.5.2.2 Historical flood

The river reach of Karuma Hydropower Project is within the reach of Victoria Nile and
belongs to Uganda National Park. This river reach is a natural stream with many falls, drops
and rapids, both banks are covered with virgin forests, and no historic flood trace is detected.
Karuma Village and Kamdini Village are located at the Karuma dam site and upstream of the
dam site, but far from the river, and habitants have no deep image on early major flood. No
early flood record was found in the historical literatures of Uganda, thus, no historical flood
of Kyoga Nile River is found in the investigation for this feasibility study.

3.5.3 Design flood

In the previous feasibility study report, the annual maximum peak flood series is
obtained through multiplying the annual maximum daily flow at Kamdini Station (from 1950
to 1980 and from 1997 to 2009) by the amplification coefficient 1.2. The frequency
calculation is made with Gembel frequency curve on basis of the peak flood series and the
results are shown in Table 3.5-1.

The dam site of Karuma HPP is about 8.3km from upstream Kamdini Hydrological
Station, the basin above the hydrological station is 346000km? in area, and there is no obvious
inflow from tributaries in the basin between hydrological station and dam site; thus, the
design flood results at the hydrological station are directly used as the design flood results for
the dam site.

At this stage of the project, no new flood series data are collected. The annual maximum
peak flood series at Kamdini Station from 1950 to 1980 and from 1997 to 2009 is calculated
and checked with Gembel frequency curve and P-Ill frequency curve respectively, the
calculation results are shown in Table 3.5-1 and the frequency curves are shown in Fig. 3.5-1
and Fig. 3.5-2.
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Results of Design Flood at Kamdini Hydrological Station

Table 3.5-1 Unit: m%s
Line Parameter Recurrence interval (a) .
Phase type Series
Mean| Cv or Sn | Cs/Cv | 10000 | 1000 | 500 [ 100 | 50 | 25
Original
feasibility 1950~1980,
study report Gembel {1490| 420 - 4657 [3815|3562 (2972|2717 | 2459 10972009
(adopted)
. 1950~1980,
Reviewed | Gembel |1490| 420 - 4600 |3800|3550(2960 (2710 | 2460 19972009
) 1950~1980,
Reviewed P-1I1 |1490| 0.28 3.5 | 3960 | 3370|3190 (2740|2550 |2340 19972009

As can be seen from Table 3.5-1, in general, the design flood results checked with
Gembel frequency curve are basically consistent with the calculation results in the feasibility
study report of Indian Corporation (2010), but for the flood of rare frequencies, the said
design flood results are slightly lower than the Indian results; the results checked and
calculated with P-111 curves are much lower than the Indian results, 10000-year flood
decreased by 18%, 1000-year flood by 13%, 500-year flood by 11% and 100-year flood by
8%.

This time, the results checked with Gembel curve are basically consistent with those in
the previous feasibility study report. In consideration of lack of historical flood data in the
current check with P-111 curve and in accordance with Chinese flood calculation specifications,
the design flood results shall be applied with a safe correction factor that is generally not over
20%. The results calculated with P-111 curve frequency and applied with the safe correction
are basically consistent with those in the previous feasibility study report.

Hence, the current check still adopts the flood frequency results stated in the previous
feasibility study report, as shown in Table 3.5-2.

Design Flood Results at Kamdini Hydrological Station (Adopted Value)
Table 3.5-2 Unit:m%s

Recurrence

interval (Year) 10000 1000 500 100 50 25

Peak flood flow 4660 3820 3560 2970 2720 2460

3.5.4 Reasonableness analysis for results

The Project for Master Plan Study of Hydropower Development in the Republic of
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Uganda includes the design flood calculation results of Masindi Port and the Ayoga
Hydropower Plant (in planning) on Kyoga Nile, as shown in Table 3.5-3.
Comparison of design flood results at main locations of Kyoga Nile River

Table 3.5-3
i P=0.01% P=0.1% Source of achievements
Basin
Designation area peak flood flow | peak flood flow
(km?) 3 3
(m?/s) (m°/s)

Masindi Port 338300 4150 3400 Uganda National Hydropower Plan Report
Karuma 346000 4660 3820 Calulation results adopted this time
Ayoga (Karuma 346850 4970 4100 Uganda National Hydropower Plan Report

downstream)

Note: Full name of “Uganda National Hydropower Plan Report” is Project for Master Plan Study of
Hydropower Development in the Republic of Uganda, Dec, 2010

From the above table it is clear that the peak flood at Karuma is bigger than that at
Masindi Port, and approaches the one at dam site of Ayoga Hydropower Plant, which is
consistent with the fact that the peak flood in the region from Kyoga Lake to dam site is
slightly higher than the one at the upstream, and matches the flood characteristics of basin
where Kyoga Lake discharge mainly controls the flood at the dam site. From the distribution
map for design peak flood flow at each frequency against the basin area it is obvious that the
points plotted as per the design peak flood basin and the basin area at each location of Kyoga
Nile River are almost in a straight line without obvious deviation or projected point. Hence, it
is considered that in this feasibility study the design flood calculation results at Karuma dam
site are basically reasonable.
3.5.5 Stage flood

With the storage of upstream Victoria Lake and Kyoga Lake, the flood in Kyoga Nile
River rises and drops slowly, the annual change of high and low flow is unobvious, thus, for
Karuma Hydropower Project, the cofferdam constructed against floods in a whole year is
proposed and the design flood criteria is used for whole year. The deisn flood calculation

results are shown in Table 3.5-2.
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Fig. 3.5-1 Frequency curve of annual maximum daily peak flood flow at Kamdini Hydrological Station (1950-1980, 1997-2009) (Gembel curve)
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Fig. 3.5-2 Frequency curve of annual maximum daily peak flood flow at Kamdini Hydrological Station (1950-1980, 1997-2009) (P-111 curve)
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Fig. 3.5-3 Relationship between basin area and design peak flood flow at main station points on Kyoga Nile River
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3.6 Sediment
3.6.1 Early research achievements of NORPLAN Electric Power Co., Ltd.

In early stage, NORPLAN carried out analysis in lab on the water samples irregularly
taken from Kyoga Nile River for estimated the total sediment of the river. The sediment
concentration at Masindi Port of Kyoga Nile River and at Il hydrological stations of Tochi
River is shown in Table 3.6-1.

Sediment concentration of Masindi Port of Kyoga Nile River and 11 hydrological stations

Table 3.6-1

Sediment concentration (mg/l)
No. River Place
Surface Middle Bottom Mean
1 KyogaNile | 4 cindi Port 8.0 8.0 10.0 8.7
River
2 Tochi River | ! ydrological 11.0 ; 4.0 7.7
stations

3.6.2 Calculation of sediment

Since most of the water of the Victoria Nile River is from Victoria Lake, most of
sediments carried in the water flow will settle in Kyoga Lake when it flows through Kyoga
Nile. Therefore, the sediment in the Nile River reach at Karuma is mainly sourced from the
basin between Kyoga Lake and Karuma. The research results by various institutions show that
the sediment volume in the basin of this river reach is not large, thus, the mean annual inflow
sediment at Karuma Hydropower Project is relatively low.

From Table 3.6-1, it is clear that the sediment in Victoria Nile and its tributary Tochi
River is low. Karuma Hydropower Project is located about 88.6km downstream Masindi Port
and 9.0km downstream Tochi River. In the basin between Karuma Hydropower Project and
Masindi Port, except for Tochi River, there is no big tributary. It is informed that no sediment
test has even been carried out at Kamdini Hydrological Station. Hence, at this stage of the
project, the mean value of sediment at Masindi Port hydrological station and Tochi Il
hydrological stations is used for the Karuma dam site, i.e. 8.2mg/l. At the dam site of Karuma
HPP, the mean annual flow is 995m®/s, and the mean annual runoff is 31.403 billion m?, and
calculated on basis of the above values, the mean annual sediment discharge is 257500t/a at
dam site of Karuma HPP. The vegetation on the basin upstream Karuma dam site is in good
condition, the sediment yield in the basin is low, and most of the upstream sediment has been

settled in Victoria Lake and Kyoga Lake. By the related engineering experience, the annual
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bedload at Karuma dam site is considered as 10% of the suspended load, i.e., 25800t/a. In
summary, the average annual inflowing sediment at Karuma dam site is 283300 t /a in total.
3.6.3 Check of sediment calculation results

The site investigation team of Hdrychina Huadong has also collected sediment data at
Kamdini, Tochi Il, and Masindi Port Hydrological Station, and measured the sediment at dam
site. In January and February of 2014, the team collected part of sediment data at Masindi
Port Hydrological Station and Il hydrological stations, as shown in Table 3.6-2.

Sediment Concentration of Suspended Sediment at Masindi Port Hydrological Station and 11

Hydrological Stations

Table 3.6-2

No. IIHydrological Stations Masindi Port Hydrological Station
Measuring time Sediment concentration Measuring time Sediment concentration
(mg/L) (mg/L)

1 1999/6/11 1999/6/11 5

2 1999/10/30 1999/10/30 5

3 2000/8/15 2000/8/15 12

4 2000/9/5 2000/9/5 8

5 2001/4/5 4 2001/4/5 4

6 2001/5/26 4 2001/5/26 4

7 2001/10/22 11 2001/10/12 11

8 2001/12/17 12 2001/12/19 9

9 2001/12/17 8 2001/11/5 6
10 2002/1/24 4 2001/12/7 14
11 2002/1/25 4 2002/1/24 4
12 2002/4/22 11 2002/4/16 6
13 2002/6/17 5 2002/4/22 6
14 2002/6/25 5 2002/5/8 7
15 2002/7/24 43 2002/6/17 5
16 2002/8/23 0 2002/6/14 6
17 2003/2/17 6 2002/7/24 6
18 2003/1/13 12 2002/8/30 8
19 2007/1/16 12 2006/7/26 17
20 2007/1/16 37
21 2007/1/13 12
22 2007/1/12 42

Average 9.40 10.64

The mean value of the sediment concentration worked out by the new data collected at
Masindi Port hydrological station and Il hydrological stations (which were irregularly
surveyed from1999 to 2003 and from 2006 to 2007) is taken as the suspended load sediment
concentration at Karuma dam site, i.e. 10.02mg/l, and the mean annual suspended load
sediment discharge at Karuma dam site is 314600t/a accordingly. The bedload at Karuma dam
site is also considered as 10% the suspended load sediment consideration, i.e., 31500t/a. In
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summary, the average annual inflow sediment at Karuma dam site is 346100 t /a in total.
3.7 Rating curve
3.7.1 Base data

From August to September 2013, HYDROCHINA HUADONG carried out the
hydrological measurements with large cross sections in the riverway and for the water surface
lines and thalweg along the river channel near the upstream side of the dam site and near the
downstream side of the tailrace outfall, and the flood investigation as well. Totally, 18
sections were surveyed, including 4 sections near the dam site, 3 sections near the access
tunnel, 3 sections near 8# construction adit (of the bidding scheme), 3 sections near 9#
construction adit (of the bidding scheme) and 4 sections near tailrace outfall. The above
hydrological field operation were completed in September 2013.

By the end of December 2013, for meeting the needs of design, HYDROCHINA
HUADONG carried out supplementary hydrological investigation for the river reach where
the project is located, including hydrological measurements with large cross sections,
longitudinal section survey and setting staff gages, and collected flood elememnts data and
flood evidences of corresponding periods at the upstream Kamdini Hydrological Station. For
Karuma Hydropower Project, totally 11 hydrological sections were arranged and measured
from the dam site to the tailrace, and the profile section was surveyed for a river length of
12.75km long from the dam site to the tailrace outfall, and 7 automatic recording gauging
stations were set around Karuma HPP (at inlet of open diversion channel, dam site, open
diversion channel outlet, access tunnel, 8# construction adit (of the bidding scheme), 9#
construction adit (of the bidding scheme) and tailrace outfall). The above field operation is on
the way and will be fully completed by end of January 2014. The survey results are mainly
used to verify and correct the rating curves worked out based on the field hydrological results
in August ~ September 2013.

3.7.2 Calculation of rating curve

In the river reach where the project is located, there are several falls and drops, and the
river width obviously decreases or increases, especially the river section near the dam site.
Thus, the sections at these locations can be generalized as sill-free wide-crest weir and their
rating curve is calculated with hydraulic weir formula. The river sections at construction adit
and other locations are in natural mountains, the rating curves may be calculated with
hydraulic Manning’s formula. In addition, the surface profile measurement at various sections

obtained in the field hydrological survey may be used to verify the water level and the flow
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value for the river section at the project site by constant flow based on MIKE 11 hydraulic
software. At this stage of the project, the parameters are calibrated with various methods on basis
of surface profile measurement and corresponding flow.

In the field hydrological survey, it is found in the Victoria Nile reach at the dam site that
there is a plunge about 2.14m deep at DM2 (inlet of open diversion channel ), a plunge 1.93m
deep at DM3 (inlet of power tunnel), and a fall 6.57m deep about 30m downstream DM4 (dam
site). The river section between DM1 and DM4 changes transversely and has some obvious drops.
Therefore, these river sections at these four locations may be generalized as hydraulic sill-free
wide-crest weir (free outflow or submerged outflow). The hydraulic calculation shows that it is
free outflow at DM1 and DM4and it is slight submerged discharge at DM2 and DM3. Since the
sections from DM1 to DM4 are relatively close to each other, the discharge capacity at the
most upstream DM1 and the most downstream DM4 controls that at DM2 and DM3, and thus,
the rating curves of DM2 and DM3 are worked out by using the rating curve of DM1 and DM4
after linear interpolation; by which, the rating curve at inlet of the open diversion channel and
the dam site are obtained. The 1-in-10000-year water level at inlet of diversion channel is
obtained from the difference between the rating curves at the inlet of open diversion channel
and that at dam site.

The entrances of 8 # and 9# construction adits in the bidding scheme are in the river in
natural mountains and the rating curve at 8# and 9# adits (of the bidding scheme) may be
worked out with hydraulic Manning’s formula on basis of the measured hydrological sections
at the two adit entrances and on their upstream and downstream sides.

As there are two big falls respectively upstream the access tunnel and upstream the
tailrace outfall, and flow regime is rather complicated in the river due to many sand bars and
rapids, it is rather difficult to accurately calculate the rating curve for the river section
between these two places merely on basis of the hydrological survey in September 2013. It is
planned to check the rating curve for this river section after finishing all the work relating the
supplementary hydrological survey. It is suggested that the relevant hydrological calculation
results of the previous feasibility study report are continued to use for the design in this stage
of the project.

In the next stage of the project, the rating curve currently worked out for each section
will be checked and corrected by the latest hydrological survey data, measured water level
and flow data and the flood investigation results, obtained in January 2014 and the survey still

underway now.
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After the meeting with consultants, HYDROCHINA HUADONG checked and corrected

the rating curve at each section on basis of the latest field hydrology results obtained by the
end of January 2014. There is not big different between the checked rating curves and those in

the feasibility study report assessed in January. The checked stage- discharge curves at each
location are shown in Fig. 3.7-1 and Fig. 3.7-2.
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Fig. 3.7-1 Rating curve at inlet of open diversion channel and dam site
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Fig. 3.7-2 Rating curve at entrance of 8# and 9# construction adit (in the bidding scheme)
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3.8 Automatic system of hydrological collection and transmission
3.8.1 General of the Project

Karuma Hydropower Project is located on Kyoga Nile River in mid-north Uganda, and is
of a diversion type development. The catchment area upstream the dam site is 346000km?.
Upstream the dam site, there are Kyoga Lake (Kyoga Lake) and Victoria Lake (Victoria
Lake). The dam site is about 2.5km from downstream Masindi-Gulu highway, about 75km
from the northern city Gulu, and 270km from capital Kampala. The tailrace outfall is located
in the National Park, and about 9km from upstream Karuma Bridge. Karuma Hydropower
Project is mainly for power generation and its normal pool level is 1030m, and the dead water
level is 1028m. The reservoir has daily regulation capacity, with a total storage capacity of
79.87 million m* and regulating storage 45.53 million m®. The power plant has a total
installed capacity of 600MW, with the mean annual energy output 4.373 billion kWh, and has
the annual operating hours of 7290h.
3.8.2 Overall functions of system and main technical requirements
3.8.2.1 Overall functions of system

The automatic system of hydrological collection and transmission has the basic functions,
expansion function and alarming function.

(1) Basic functions

(D Real-time data collection and processing

Each remote precipitation station and gauging stations can correctly collect the
information on rainfall and water level and automatically transmit the real-time accumulated
rainfall value, water level and station number identification. The remote water level, rainfall
and evaporation station can correctly transmit the real-time accumulated value of rainfall,
water level and evaporation. The parameters such as sediment and flow are manually
observed.

(2 Real-time receiving and processing function of center station

Karuma center station receives the related real-time data from the remote stations,
identifies and corrects the in-transmission bit error, receives the data manually set to the
terminal, checks the reasonableness of the received data, corrects misdata, interpolates the
missed data, classifies various data and stores them in database. It can output various data
documents and reports, and plot corresponding diagrams as well.

(3 Storage function

Each remote station has sufficient storage capacity to store at least 180 days’ information
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on rainfall and water.

@ Function of manual setting

The elements of flow and sediment of hydrological station may be manually set.

® Function of data management

The database management system can integrally store and manage the water regime,
rainfall condition and characteristic parameters of each remote station, and has the measures
to ensure database safety and data conformity. It can easily query, retrieve and edit data,
display forecast scheme, data, chart, and diagram, output various data documents. It can
expand and modify the function of database software.

® Function of stand-by communication

The system is provided with the stand-by communication channel.

@ Protection function

The remote station and sub-center station are provided with over-voltage protection to
prevent the equipment from damage at lightning stroke. The attendance-free remote station
has anti-destruction and anti-theft function.

(2) Expansion function

The system may expand for medium- and long-term runoff forecast and expand the

operation dispatching function of the reservoir.
(3) Alarming function

The sub-center station may monitor the system work state, e.g., off-limit monitoring of
water regime and rainfall condition and evaporation and alarming, and monitor the equipment
troubles and abnormal voltage of equipment power supply and alarm.
3.8.2.2 Main technical requirements

(1) System response speed: The system will complete collection, processing and
transmitting of the real-time data of the entire system in 20 minutes.

(2) Bit error rate of transmission channel: The bit error rate of transmission channel by
satellite communication mode shall be below 10°; and that of GSM communication mode
below 10~

(3) The mean failure-free operation duration of equipment is above 6300h for a remote
station and a center station.

(4) In respect of monthly normal operation rate of data collection of the system, at least
95% of remote stations (including the important control stations) are able to transmit the data
correctly to the center station, and the completion rate of data processing operation P shall be
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above 95%.

(5) The normal operation rate of data transition through network shall be 99%.

(6) The water regime forecast scheme cannot be used only when the acceptability is
above 70%.

(7) The resolution of remote precipitation stations shall be 0.5mm. In case of drainage

<12.5mm, the measurement error shall not exceed 0.5, and in case of drainage >12.5mm,
the measurement error shall not exceed +4%.

(8) The resolution of remote water level gauge shall be 1mm and the maximum
allowable error is 3cm.
3.8.3 Network planning for automatic system of hydrological collection and transmission

In order to verify and check the hydrological design parameters for project design (such
as runoff and flood), provide basis for dispatching in operation after completion of the project,
prepare the safe flood-control schemes of the reservoir in flood seasons, and timely
comprehend the situation of rainfall in the basin and the reservoir water level during project
operation period, Karuma Hydropower Project should be built with a automatic system of
hydrological collection and transmission to accumulate the basic hydrological data such as
rainfall, water level, and flow. In view of the location of Karuma HPP and in consideration of
the natural geographic conditions of the basin, it is planned to establish a hydrological station
at along the river upstream the power plant or re-build Kamdini Hydrological Station, so as to
observe the discharges of Kyoga Nile River. If Kamdini Hydrological Station is re-built, it is
proposed to connect to the center station of automatic system of hydrological collection and
transmission, and increase its observation frequency (due to its current frequency of flow
measurements being low); and Masindi Port Hydrological Station is connected with the center
station and acts as a water regime forecasting point of Karuma HPP; a rainfall station is set at
the dam site of the reservoir at dam site to correct data for reservoir operation dispatching.
Several gauging stations are set respectively at the inlet of open diversion channel, dam site,
outlet of open diversion channel, access tunnel, 8 construction adit, 9* construction adit, and
tailrace outfall; these gauging stations will observe the water level, irregularly measure the
flow, verify the hydrological rating curve at each monitoring section designed in the
feasibility study, monitor the inflow and outflow of the reservoir, so as to safeguard the safe
and economic run of the power plant. The gauging stations at the outlet of open diversion
channel (after completion of dam construction) and the tailrace outfall will be permanent

gauging stations. The gauging stations at the inlet of open diversion channel and the dam site
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will be cancelled after completion of project construction, or in combination with dam
construction, the gauging station at the inlet of open diversion channel will be re-built as a
permanent gauging station; or a permanent gauging station for the dam site is set at other
selected location, so as to observe the reservoir water level during dam operation period. The
information of the new rainfall and water level remote stations will be connected to optical
fiber communication equipment in the power plant through computer communication ports,
and from there, the information is then transmitted to the water regime telemetering and
forecasting center station in the central control room through the optical fiber communication
network

Hence, the automatic system of hydrological collection and transmission of Karuma
Hydropower Project is totally built with a hydrological station, a remote precipitation station,
7 gauging stations, and one information terminal of the power plant (center station ).

3.8.4 Arrangement in forecast scheme

Masindi Port Hydrological Station about 87km upstream Karuma HPP is used as the
forecasting station, with a forecasting period of 12-16 hours. The discharge at Karuma dam
site is mainly dependent on the flow at Masindi Port, and the inflow between Karuma dam
and Masindi Port is very small, thus, the flow at Masindi Port is used for water regime
forecasting.

3.8.5 System communication

Currently, the communication modes used for domestic automatic system of hydrological
collection and transmission basically include short-wave communication, ultra short-wave
communication, satellite communication, GPRS communication and wire communication.
The satellite communication includes Maritime Satellite Inmarsat-C system, synchronous
communication satellite Vsat system, BDStar system, China satellite communication system,
GSAT system, and Gloabal uplink system.

The area covered by Karuma automatic system of hydrological collection and
transmission is sparsely populated and poor in traffic and power-supply condition. In case that
ultra short-wave and short-wave communication are used, though the equipment is technically
maturated, rich experience has accumulated in operation and the cost of equipment and
operation is lower than that of communication with satellite and GSM (GPRS), however,
many relays are required, the maintenance is difficult and involves with high works volume,
and the bit error rate of ultra short-wave channel is higher than that of satellite channel. The

advantages of satellite communication mode lie in stable channel, low bit error rate, no relay,
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simple equipment, low works volume of maintenance, and low fault rates; if GSM (GPRS) is
used as a stand-by, it will greatly increase the fault-free rate of system; as the transmission
channel is relatively independent, and less restrict may impose on the reform and expansion
of the system.

Hence, GSM(GPRS) communication system is primarily selected for the automatic
system of hydrological collection and transmission of Karuma Hydropower Project and
depending on the situation of the transmission channel on the site, a hybrid communication
network consisting of reliable satellite system (Maritime Satellite or BDStar system) is
selected.

3.8.6 Investment estimation

The investment is estimated on reference to the relevant code for preparation of project
cost estimation and the experience of existing system. The total estimated cost of the
automatic system of hydrological collection and transmission is about RMB 2.277 million
(excluding the cost of land acquisition), including the planned civil works, equipment
procurement and installation, other directly cost and contingency. Refer to Table 3.8-1.

Cost Estimation for Planned Hydrological Stations

Table 3.8-1
No. Description Unit Quantity Cost (10000 yuan)
1 Civil works 78.5
Hydrological station Station 1 70
Rainfall station Station 1 3
Gauging station Station 7 55
2 Equipment purchase and installation 99.5
Hydrological station Station 1 45
Rainfall station Station 1 5
Gauging station Station 7 95
Central station Station 1 40
3 System construction Number 1 20
4 Other direct cost 10% 19.8
5 Contingency 5% 9.9
6 Total 227.7
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4 Engineering Geology
4.1 General
4.1.1 Project Description

The dam site of Karuma HPP is located near Karuma Village in northwestern Uganda,
the geographic coordinate is latitude 2°14'51” north and longitude 32°16° 05” east. It is about
80km to Lira Town in the north, about 70km to Gulu Town in the south, and 270km and
300km respectively to Kampala, the capital of Uganda, and Entebbe International Airport.
There are highways from the dam site to the above-mentioned two towns and the capital, so
the dam site is easily accessible. The Project is composed of the dam, water conveyance
system and underground powerhouse, with a total installed capacity of 600MW.

4.1.2 Description of Engineering Investigation and Design and Geological Investigation

In 1999, NORPAK, Norway, carried out the initial feasibility study of Karuma HPP and
undertook the environment and social impact assessment. On the basis of the collected basic
data, NORPAK carried out geological investigation for the Project area of its scheme and
proposed a Project Definition Report entitled as “Karuma Falls Hydropower Project, Uganda”.
The Project proposal was revised in 2006 and it was suggested that the Project should be
developed in two phases with 100MW installed capacity in the first phase and 100 to 200MW
installed capacity in the second phase. However, due to many reasons, NORPAK decided not
to pursue the project any further and the project was reverted back to the Uganda Government
for implementation.

From 2009 to 2010, Energy Infratech Private Limited (EIPL), India carried out
engineering geological investigation of the feasibility study phase for the Project area of the
present scheme. 12 boreholes were arranged along the powerhouse area and the tailrace tunnel
and a small amount of physical prospecting and pit exploration as well as tests were also
conducted.

From July to November 2013, HYDROCHINA HUADONG carried out supplementary
geological investigation for the Project area, including survey, physical prospecting, drilling,
pit and trench exploration and tests, etc. The completed work includes physical prospecting
16814.8m of 21 profiles, drilling 2185.3m of 29 boreholes, pit and trench exploration 1156m®
for 25 pits or trenches, tests of 11 groups of rock samples and 54 groups of soil samples.

4.2 Regional Tectonic Stability
4.2.1 General of Regional Geology
4.2.1.1 Topography and Geomorphy
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Uganda is located in the mid-east of the continent of Africa, bordering on Kenya in the
east, neighbouring South Sudan in the north, and linking the People's Republic of Congo in
the west and Tanzania and Rwanda in the south.

The Nile River originates from the Burundi Plateau in central Africa, and flows into
Lake Victoria in Uganda, the lake water flows northwards into Lake Kyoga via Owen
Waterfalls; near Karuma Town, it runs through the dam site approximately in the direction of
NNW; and in the vicinity of the downstream side of the dam site, it turns approximately to W
direction and then flows into Lake Albert via Murchison Falls.

In the Project study area within a range of 150km, there are mainly the mid-northern
Uganda, and some regions of Congo and South Sudan. It is characterized by peneplain
topography and overall flat terrains, and the highest point of the Project area is located in the
west coast of Lake Albert, at EI. 1900m or so, and the lowest point is in the northern border of
Uganda at El. 750m. At the peneplain, multi-level eroded terraces are distributed with inclined
slopes at the terrace edges, forming undulating, the eluvium as a result of weathering is
widely distributed in the Project study area, the low mountains and hills with exposed bedrock
are distributed in scattered way.

In the near-field region of the Project, the topography is generally flat, at EIl. 960 ~
1075m generally. The river valley in “U” shape is relatively open, the valley-ridge height
difference is about 30 ~ 50m, and the river width varies from tens to several hundreds of
meters. The river has a large drop near the dam site, with several plunge sills distributed, and
bedrock isolated islands are distributed in scattered way. Terraces with gentle slopes are found
on both banks, and the slope gradient by the river is 15 ~ 25 °. Only some small gullies are
developed on both sides of the valley with short source and shallow gullies but without
perennial flowing water.
4.2.1.2 Stratum and Lithology

According to the information provided by the India Company, the Project area is mainly
composed of undifferentiated basement complex rocks, including granite gneiss, Aruan gneiss
(2,600 Ma), some older charnockites are likely to be distributed in the northern part of the
Albert Nile River, and there are intrusive granite and granite gneiss in the south. In the
vicinity of Bunyoro (Hoima and Masindi) in the north of Lake Kyoga, sedimentary rocks are
distributed, called Bunyoro group, mainly composed of shale, feldspathic sandstone and
moraine rocks, and the layer of unconformity is on the basement complex.

In this stage, a Uganda institution under the Ministry of Energy and Mineral
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Development (MEMD) was entrusted to carry out detailed geological and seismic study for
the Project area and make further division for the stratum distribution in the range of 25km at
the dam site. In the Project area, only Archaean (starting letter “A”), Proterozoic (starting
letter “P”) and Quaternary (starting letter “Q”) strata are distributed and the strata of other
geological historical periods are not found, and they are described below from old to new on
the basis of geological ages.

(1) Archaean(Ar)

The strata of this period are widely distributed in the region and are mainly composed of
metamorphic rocks of different types, which are formed from igneous rocks as a result of
regional metamorphism. The lithology is mainly composed of gneiss, granulite and a small
amount of quartzite and amphibolite. The rocks include the following: felsic granulites
(Afg)(2991+9Ma), quartzite - chrome mica formation (Aqgf), amphibolite (Amma), banded
TTG gneiss (Abttg)(2652+8 Ma), granodiorite gneiss (Agg)(2649+6 Ma), quartz dioritic
gneiss (Aqdg) (2642+8 Ma), granitic and granodioritic gneiss (Aggg)(2629+10 Ma),
metagabbro (Amg), and porphyritic granite (Apg).

(2) Proterozoic (Pt)

It is mainly distributed in the periphery of the near-field area. The formation is composed
of kyanite - quartz schist, banded iron formation, mica schist and ultramafic rocks. The rocks
include kyanite-quartz schist (Pkgs), banded iron formation (Pbif), mica schist (Pms), and
metaultramafite (Pmu).

(3) Quaternary(Q)

1) Laterite (QI)

The laterite covers a total area of 282 km? in three parts of the south, southeast and
northeast of the near-field area. There are patches of laterite close to the Karuma HPP Site.
The areas covered by laterite are typically flat, and outcrops of hard rock are rare. These
laterite pieces comprise iron mottles, pisolites, and pseudomorphs, nodles and concretions of
variable dimension cemented together with a ferruginous matrix. The laterites are dark brown
in colour, friable and generally weak. The laterites are products of bedrock weathering and are
made up of admixture of brick red colour clay, sand, silt and small gravels.

2)  Alluvium, swamp, lacustrine deposits (Q*)

These are Quaternary to recent sediments consisting of alluvium sand, silt and gravel.
The dendritic drainage system is developed on both valley sides of the Project area. In the

river section with rapid flow velocity, medium to coarse-grained alluvium covers the bottom
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of the river. When channels are widened to open valleys, and the energy of the transporting
current is not strong enough to carry sand and gravel, finer-grained sediments accumulate, and
dense papyrus swamps grow. Locally, river channels are widened into shallow wetlands,
which are filled in turn with fine-grained lacustrine deposits like silt and clay.

4.2.1.3 Geological Structure

With the east and west branches of the East African Great Rift Valley as the boundary,
the area can be divided into three geotectonic units, the Nubia Plate is to the west of the Great
Rift Valley, the Victoria Plate is between the east and west branches, and the Somalia Plate is
to the east of the east branch. The Project area is located in Victoria Plate, close to the west
branch of East African Great Rift, and in the block enclosed by Albertine Rift at the north of
the west branch of the East African Great Rift and Aswa shear belt. The seismic tectonic
distribution in the region is shown in Figure 4.2.1-1.

Albertine (Albertine Rift) Rift: The East African Rift System (EARS) is the principal
source of seismicity and volcanism on the African continent. It lies on the top of a broad
intrascontinental swell, the East African Plateau and is associated with a developing divergent
plate boundary between the Nubian and Somali Plates. Along Proterozoic orogenic belts and
from Lake Niassa towards the north, the rift belt is divided into the east and west branches,
namely, the East Rift Belt and the West Rift Belt, featured by continuous normal fault and
graben structure. The West EARS starts from South Sudan in the north and runs to Malawi in
the south, with a total length of 2000km, and Lake Edward and George Basin and Lake Albert
as well as Rwenzori horst block mountains are distributed along the line. It is cut off by Aswa
fractured zone in the north of Lake Albert, striking NNE in general. From the Tertiary period,
the rift movement has played an important role in development of the western rift belt. In Late
Pleistocene Epoch, it further resulted in subsidence of Uganda central area and formed Lake
Kyoga submerged valley system and Lake Victoria, thus, making reverse flow of the river
flowing westwards in central Uganda and two-direction flow of Kafu River.
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Figure 4.2.1-1 Regional seismic tectonics map

Albertine Rift, the north part of the west branch of the Great Rift Valley, is located 55km
to the west of the dam site. The Great Rift Valley is the active continental rift. The Albertine
Graben is a Tertiary intra-continental rift that developed on the Precambrian orogenic belt of
the African Craton. It stretches from the border between Uganda and Sudan in the north to
Lake Edward in the south. The available geological and geophysical data indicate that rifting
could have been initiated during Early Miocene with the accumulation of thick sediments (of
about 5 km thickness) in asymmetric basins along strike of the rift system and the subsequent
formation of Lakes Albert, Edward and George on the rift floor. These lakes overlie discrete
depocenters offset by northwest—southeast or east-west-trending transfer zones. Albertine Rift
is composed of a series of NE-trending and SN trending normal faults and the length of
individual faults varies from 70 to 160km. Based on geological and geophysical data, the rift
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is composed of at least 2 tensile sections and several compressive sections. The Bunia Fault is
distributed at the western side of Lake Albert. Two earthquakes with respective seismic
magnitude of 5.3 and 5.9 took place along the fault in July 1955. The Toro-Bunyoro Fault is
developed in the eastern side of Lake Albert, where an earthquake (M 6.5-7.0) with moderate
intensity occurred along the fault on March 20, 1966, resulting in surface rupturing. And
young volcanic tuffs are found in Katwekikorongo Volcanic field. The above evidences prove
that this rift is active.

Aswa Shear Zone (ASZ): Aswa shear zone starts from South Sudan in the north,
stretches southeastwards and passes across Kenya to the Indian Ocean, with a total length of
over 1000 km, in the territory of Uganda, it is 365km long and 11km wide, located about 30 ~
40km to the east of the Project area. The shear zone is in NW strike in general, on both sides
of the main zone, a number of secondary faults and one mylonite zone are found parallel to
the main zone and the rocks in the zone are distorted and deformed.

No regional faults are found in the 25km range of the dam site. Based on gully and
valley development features, aerial remote sensing interpretation, as well as the regional
tectonic development, analysis was made for the fault development conditions in the
near-field area. In accordance with aerial remote sensing interpretation, the faults are mainly
in NE and NW strike with small scale, and faulted bedding overlying Quaternary strata are
not found, with weak seismic activity along the fault zone. The comprehensive analysis
indicates that no active faults are distributed in the near-field zone.

4.2.2 Assessment of Regional Tectonic Stability
4.2.2.1 Design Seismic Intensity and Seismic Ground Motion Parameters of the Project Site

WSS Services Limited, Uganda was entrusted to undertake special study on seismic
safety of the Project site and the obtained seismic hazards results in four kinds of probability
of exceedance at the dam site, namely, 10% and 5% probability of exceedance in 50 years and
2% and 1% probability of exceedance in 100 years, and peak ground motion acceleration
values are shown in Table 4.2.2-1.

The seismic peak ground acceleration in bedrock horizontal direction in 10% exceedance
probability in 50 years at the dam site area is 0.14g. Based on the corresponding relation
between peak ground motion acceleration and basic seismic intensity in the Chinese
specification, Seismic Ground Motion Parameter Zonation Map of China (GB 18306-2001),

the basic seismic intensity of the dam site area is VIl degree.
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Peak Ground Acceleration in  Different Probability of Exceedance

Table 4.2.2-1
Return period 50 years Return period 100 years
Probability of exceedance
10% 5% 2% 1%
Dam site PGA 0.14g 0.18g 0.299 0.35g

4.2.2.2 Assessment of Regional Tectonic Stability

In the 150km range of the study area, with the east and west branches of the East African
Great Rift Valley as the boundary, the area can be divided into three geotectonic units, the
Nubia Plate is to the west of the East African Great Rift Valley, the Victoria Plate is between
the east and west branches, and the Somalia Plate is to the east of the east branch.

There are two fractures, the Albertine Rift and Aswa Shear Zone, distributed in the area.
The Albertine Rift is the active fracture since late Pleistocene and it is more than 50km to the
dam site. The moderately strong earthquakes are mainly distributed in the Albertine Rift and
the regions nearby, with obvious spatial distribution inhomogeneity. On the whole, the
regional geological background of the study area is complex, with significant zonality of
regional tectonic stability.

No active faults have been found in the near-field region and the Project site area, there
are no records of strong earthquakes occurring in the range of 25km of the dam site area and
the seismic risk comes mainly from the effects of the strong earthquakes at the periphery of
the Project. The seismic peak ground acceleration in bedrock horizontal direction at 10%
exceedance probability in 50 years at the dam site area is 0.14g, and the corresponding basic
seismic intensity of the dam site area is VII degree. According to the classification standard
set forth in Technical Code of Regional Tectonic Stability Investigation for Hydropower and
Water Resources Project (DL/T5335-2006), the Project site belongs to the area with poor
regional tectonic stability.

4.3 Engineering Geological Condition of Reservoir Area
4.3.1 Basic Geological Condition of Reservoir Area

The reservoir area is featured by peneplain topography and overall flat terrains and the
elevation is usually 960m to 1075m, with slight wave-like undulating. On the whole, the
topography is high in northeast and low in southwest. The river valley is relatively open in
wide "U" shape, the valley-ridge height difference is 30 ~ 50m, the river width varies from
tens to hundreds of meters. There are gentle terraces on both banks in the reservoir area, the

height difference between valley and slope is 25~50m, the slope gradient is usually 12~35°,
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thus, steep sills are formed locally and most are covered with residual soil or completely
weathered layer. Gullies are undeveloped at both banks, shallow eroded short gullies are
distributed locally, with small width and depth, and they are generally of seasonal running
water and finally flow into the Nile River.

The bedrock strata in the reservoir area are of Precambrian rocks and Quaternary
deposits are widely distributed at the riverbed and both bank slopes. The lithology is mainly
of metamorphic rocks such as gneiss and shallow granulite.

No regional faults are found in the range of the reservoir area and the faults distributed
there are mainly in NE and NW strike with small scale.

At the dam site area, groundwater aquifer types include bedrock fissure water and pore
phreatic water, and pore phreatic water is dominant. Bedrock fissure water occurs in rock
mass jointed fissure, and is replenished by atmospheric precipitation and surface water and
drained into the valley. The bedrock lithology in the dam site area is dense, combination
between schistosity surface and joint fissure is close, the fractured bedrock aquifer has weak
water yield property, and the groundwater table is relatively high. Pore phreatic water mainly
occurs in the Quaternary eluvial (Q%) layer and completely weathered layer, and replenished
by the atmospheric precipitation and slope surface water, and groundwater. It has close
relation with the river level, and the hydraulic gradient is relatively gentle. Water level change
Is synchronous with the river level change.

There are more gentle slopes on both banks of the reservoir area and the slopes are
mostly covered with residual soil or completely weathered layer. No large scale landslide has
been found but local colluviums. Except two rivers at the right bank, the gullies on both banks
are all shallowly-eroded without rich loose deposits, therefore, the mud flow phenomenon is
not developed.

4.3.2 Reservoir Leakage

The reservoir of the Project ison a  plain . The topography on both reservoir banks is
flat and wide, the watershed elevations of both banks are higher than normal pool level, and
the reservoir topography has good closing conditions. The Nile River is the erosion datum
plane there and the groundwater is discharged to the river valley. Based on analysis of the
investigation results of the dam site, the groundwater level at the watershed of both banks is
higher than 1050m, higher than normal pool level (1030m); the rocks at both banks are
mainly of gneiss with weak permeability; no large regional fractures are developed in the

reservoir area, and the reservoir is far from low valley nearby, so there is no permanent
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leakage problem.
4.3.3 Reservoir Bank Stability

The slope terrains on both banks are gentle, and the natural slope is stable on the whole.
Distribution of large-scale landslide has not been found in the reservoir area. After reservoir
impoundment, small collapse is likely to occur to the overburden slope in the reservoir
area but it nearly has  no influence on the reservoir operation.
4.3.4 Reservoir Immersion

After reservoir impoundment, the reservoir water level will be raised by less than 5m.
There are no large villages and towns as well as industrial facilities in the vicinity of the
normal pool level. The local residents usually live on the platform with gentle slopes at both
banks, and there are few crops planted by the bank, so there is small impact of reservoir
immersion.
4.3.5 Solid Runoff

The topography is flat and gentle at both banks of the reservoir area, and there is
developed vegetation, so there is no serious water loss and soil erosion problem. After
reservoir impoundment, the additional construction scope at the reservoir banks is only
limited to the reservoir basin and near the water level variation zone. The additional
construction at reservoir banks will produce less solid runoff. Most of the gullies at the both
reservoir banks have small scale, and the solid substance carrying capacity is limited. Lake
Kyoga located about 80km upstream of the damsite plays a role in desilting, as a result, the
amount of the solid substance carried by the flow upstream of the reservoir is small. In
conclusion, the inflowing solid substance is limited and the solid runoff has little influence
on reservoir sedimentation.
4.3.6 Reservoir-induced Earthquake

The dam of the Project is about 14m high. After reservoir impoundment, the water level
will be raised by less than 5m, thus, resulting in few changes in ground stress field in the
reservoir area. The lithology in the reservoir area is gneiss and granulite, no regional fractures
go through the reservoir area, maximum earthquake in the near-field area is Magnitude 4.7,
indicating weak seismic activity intensity, so there exist no reservoir-induced earthquake
problems.
4.4 Engineering Geological Conditions of the Project Area

4.4.1 Basic Geological Conditions
4.4.1.1 Topography and Geomorphy

1-141



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

The Project area has peneplain topography, the overall terrains are gentle with terraces
with gentle slopes on both banks, the elevation is generally 960 ~ 1075m, with slight
undulation. On the whole, the topography is high in northeast and low in southwest. The river
valley is relatively open in wide "U" shape, the valley-ridge height difference is 30 ~ 50m, the
river width varies from tens to hundreds of meters.
4.4.1.2 Stratum and Lithology

The strata exposed in the Project area is mainly Precambrian (An€) metamorphic rocks,
Quaternary residual soil, alluvium, and colluvium. Among them, the Precambrian (An€)
metamorphic rocks include granite gneiss, amphibolite gneiss and amphibolite, the
gneissosity of rocks are developed and biotite is enriched locally. Widely distributed in
ground surface of the Project area, Quaternary eluvium is mainly composed of silty clay and
clay, gray brown-brown, plastic-hard plastic, with layer thickness generally of 3~6m.
Alluvium is mainly distributed at the riverbed and is mainly composed of Quaternary and
recent alluvial sand, silt and gravel. Colluvium is mainly distributed at the left-bank slopes
from intake to the main access tunnel.
4.4.1.3 Geological Structure

No faults were found in geological surveying and mapping, except a fault, F; which
found at the depth of 71.9 ~ 73.9m of ZK11 borehole in the tailrace tunnel area. In the Project
area, the gneissosity attitude changes greatly. The attitude in the dam site is N40 ~ 50 ° E NW
(SE) £ 75 ~ 85 °; while the near-ground surface attitude in the underground powerhouse
area is about N25 ~ 57 ° E NW (SE) £ 70 ~ 85 °, and at the hole depth of 40~100m (El.
954m), the dip angle turns to 30 ~ 60 °; below the hole depth of 100m, the dip angle is mainly
10 ~ 30 °;itis N40 ° E SE £ 80 ~ 85 ° along the tailrace tunnel. The attitude at the
tailrace outfall is N30 ~ 40 ° W NE £ 50 ~ 60°.
4.4.1.4 Hydrogeology

In the Project area, groundwater is replenished mainly by precipitation. In accordance
with the groundwater storage condition, the groundwater can be divided into bedrock fissure
water and pore phreatic water and pore phreatic water is dominate. The groundwater table of
the borehole in the Project area is generally 10~26m.

The bedrock permeable performance depends largely upon the rock mass intactness,
fracture elongation and opening. According to the water pressure test results of 346 sections,
where moderately- slightly weathered rock mass has small permeability, the stratum belongs

to slightly-very slightly permeable stratum. In the underground powerhouse area, the relative
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water-resisting layer (<3Lu) is about 31 ~ 56m in depth, while in the tailrace tunnel area, the

relative water-resisting layer (<3Lu) is about 22.5 ~ 46.2m in depth.

Water injection tests have been conducted for Quaternary residual soil and completely
and highly weathered rock/soil layers of 11 boreholes at the intake, powerhouse site area, and
main access tunnel, and the obtained permeability coefficients of Quaternary residual soil and
completely and highly weathered rock/soil layers are: 4.9 x 10-6 ~ 5.2 x 10°cm/s for the
powerhouse site area and 3.1 x 10° ~ 2.0 x 10™cm/s for the intake.

Chemical analysis has been conducted for the water samples taken from Kyoga Nile
River, the main access tunnel, and tailrace outlet, and the analysis results indicate that surface
water and groundwater in the Project area are not corrosive.
4.4.1.5 Physico-Geological Phenomenon

The borehole reveals the following: at the dam site area, the lower limit depth of
completely and highly weathered is 3.1~53.2m and 14.2 ~ 57m respectively at the left
bank; and the lower limit depth of completely and highly weathered is 2.9 ~ 10.5m and 4.5 ~
18.6m respectively at the right bank; at the riverbed, except for the surficial alluvium of
1~1.5m, the underlying is the moderately weathered rock mass of upper segment. At the
underground powerhouse area, the lower limit depth of completely and highly weathered s
27~41.5m and 31~56m respectively. Along the tailrace tunnel, the low limit depth of
completely and highly weathered is 3.1~32.2m and 14.3~46.2m respectively.

Landslide and debris flow are not developed in the project area, but small-scale adverse
physical geological phenomena such as collapse and sliding exist along the bank slopes. At
the intake area, several small-scale sliding mass was found and its rear edge is in “arm-chair”
shape and the deposits form a terrace with gentle slope, with small impacts on the Project.
4.4.1.6 Rock Physical and Mechanical Properties

The Uganda Central Material Laboratory was entrusted to conduct the rock physical
and mechanical tests. 11 groups of borehole core samples were taken for tests from the intake,
underground powerhouse area and tailrace outlet. The Laboratory rock uniaxial compressive
strength test was conducted mainly based on the American standards ASTM D4543-08,
ASTM D7012-10, and ASTMC128 and in combination with Chinese standard, Code for Rock
Tests of Hydroelectric and Water Conservancy Engineering (DL/T5368-2007). The rock
sample diameter is generally 60 ~ 63mm, the slenderness ratio of the uniaxial compression
test is 2:1 to 2.5:1. The preparation method for the saturated rock samples is: the rock sample

is first put into water at 25°C for 72 hours and then the test is conducted; the preparation
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method for the dry rock sample is: the rock sample is first put into oven for baking 24 hours at
temperature 105~110°C, then cooled to normal temperature for test.

The statistic results of the rock physical and mechanical tests are presented in Table
4.4.1-1. As can be seen from the table, saturation uniaxial compression strength of moderately
weathered  gneiss is 53 ~ 131.2MPa, 75.5MPa averagely; and saturation uniaxial
compression strength of moderately weathered amphibolites is 73.2~82.4MPa, 78.7MPa
averagely, basically equivalent to the empirical values. Due to the small number of slightly
weathered and fresh rock test groups, the test value are discrete, much lower than the
empirical values and obviously lower than the strength of moderately weathered rock, the test
results do not conform to engineering experience. Preliminary analysis indicates that there
may be some deficiencies in sample preparation. For the local test unit has deficiencies at the
aspects of rock test methods and operation, the quality of test results is hard to be guaranteed,

so the rock physical and mechanical properties will be further checked in next stage and the

sampling needs to be conducted for tests in China.

List of Rock Physical and Mechanical Properties

Table 4.4.4-1
Statistic Water specific gravity Uniaxial - Compression strength Softening
i MPa
Weathering Rock method content (%) (g/cm3) - ( ) - coefficient
Drying Saturation
Min./Max. / 2.81/3.16 94.1/119.5 53/131.2
Moderately Gneiss Average / 2.95 106.7 75.5 0.71
weathered nsg:ellégf / 6 6 6
lower section - P
(moderately Min./Max. 0.2/0.4 2.95/3.09 95.5/133.9 73.2/82.4
weathered) Abmlphi Average 0.3 2.97 110 78.7 0.72
olite
number of
samples 6 6 6 5
Min./Max. 0.3/0.4 2.79/3.06 37.1/89.7 22.2/30.8
Gneiss Average 0.35 2.89 58.1 26.5 0.46
Slightly number of 3 3 3 3
weathered and - P
fresh Min./Max. 0.2/0.4 2.85/3.09 42.2/59.6* 100.5
%mlphi Average 0.3 2.96 49.9 /
olite
number of
samples 3 3 3 .

Note: the test value with * is obviously lower than experiential value..

4.4.1.7 Recommended Rock Physical and Mechanical Parameters

The surrounding rock physical and mechanical parameters based on RMR system and

HC classification standard are recommended according to the test results and in combination

with empirical value. See Table 4.4.1-2 for details.
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Recommended Rock Mass Physical and Mechanical Parameters

Table 4.4.1-2
Uniaxial
saturation
compression Bulk Shear strength | Deformation | Poisson’s
strength(inclined| density (rock mass) modulus ratio
Rock mass Lithology |Weathered zone| gneissosity
classification orientation)
Rc Y C f Em u
MPa kN/m* | MPa GPa /
I Amphiboli Slightly
mphibolite 90~100 26.5~28.0/ 1.6~1.8 | 1.1~1.2 11~13 0.15~0.2
weathered~fresh
Moderately
Amphibolite | weathered lower
section
i Granite 70~90 25.5~26.5| 1.0~1.1 (0.85~0.9 6~8 0.20~0.23
gneiss and Slightly
amphibolite weathered
gneiss
Moderately
Amphibolite | weathered upper
section
Granite Moderately 50~70 25.0~25.5| 0.9~1.0 (0.8~0.85 4~6 0.23~0.25
gneiss and |weathered upper
IV amphit_)olite section_~|ower
gneiss section
Granite
gneiss, Highly
amphibolite 8~15 23.0~25.0| 0.3~0.4 | 0.5~0.6 1~3 0.25~0.3
. weathered
gneiss,
amphibolite
Granite
gneiss, Completely
\% amphibolite / 22~23 |0.05~0.1{ 0.4~0.5| 0.1~0.5 |0.3~0.35
. weathered
gneiss,
amphibolite
4.4.2 Dam

4.4.2.1 Comparison of Dam Axes

Based on the design scheme, the upper stream and lower stream dam axes are

proposed for comparison in this stage. The upper stream dam axis is located 30m upstream

of the dam axis proposed in bidding design stage and the lower stream dam axis is that

proposed at biding design stage. There is a distance of 30m between the two dam axes. For

the two dam axes are close, their geological conditions including the stratum lithology,

hydrogeological conditions, physical geological phenomenon and natural construction

materials are basically equal, there are such problems as abutment slope stability and seepage

around the dam with the two dam axes, and the conditions for the structures such as the intake,
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open diversion channel and cofferdam are basically consistent.

Based on comparison from the topography and geological structure at the riverbed, a
plunge sill exists by the right side in the river at the dam site, which is likely to be local
gneissosity-intensive zone or weak layers, with certain geological defects and thick alluvium
is likely to accumulate in the groove downstream of the plunge sill. In the upper stream
dam axis scheme, the overall dam axis passes through the upstream side of the bedrock
isolated island and is about 30~50m to the plunge sill. In the lower stream dam axis
scheme, the overall dam axis passes through the bedrock isolated island at the left side, and
the dam axis is next to the plunge sill. Generally speaking, the upper stream dam axis
scheme evades the plunge sill, thus the dam foundation excavation and treatment workload
can be decreased accordingly, therefore, the upper stream dam axis scheme is superior.

To conclude, the two schemes have conditions for dam construction. The lower stream
dam axis is closer to the plunge sill and the upper stream dam axis scheme is superior at
the aspects of riverbed topography and geological structure. Therefore, from the point view of
engineering geology, the upper stream dam axis scheme is slightly superior.
4.4.2.2 Assessment of Engineering Geological Conditions

(1) At the dam site, the river valley is open, the topography on both banks is low and
gentle, the natural slopes are stable on the whole. The lithology of the dam foundation is
single, mainly of granite gneiss; no large-scale joints or faults have been found at the dam
axis, the foliation  has high dip angle and the structural planes with low-angle dip are not
developed in the riverbed dam foundation. As a whole, the rock mass in dam foundation has
weak permeability, and a small part of dam foundation at the left bank is seated on the
strongly permeable completely-weathered rock mass. In general, the geological conditions are
favorable at the dam site and after corresponding treatment, and the dam site will have
engineering geological conditions suitable for the construction of a concrete dam.

(2) It is recommended that the dam foundation at the riverbed should be seated on the
lower section of the moderately weathered rock mass and partial rock mass of moderately
weathered upper section should be used for the dam foundation at both banks. The excavation
depth of dam foundation is roughly: 3~7m at riverbed, 15~25m at the left bank, and 10~15m
at the right bank. After corresponding treatment is conducted for the geological defects of the
dam foundation, the rock mass strength and resistance to deformation can meet the
engineering requirements.

(3) No large fault has been found to pass through the dam foundation, and the joint s
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elongation length are generally about 3m and do not exceed 10m. The low-dip joints are of
small scale and have no condition to produce deep sliding. Due to uneven surficial weathering,
joints are relatively developed locally, possible to produce shallow and surficial sliding,
therefore, treatment of consolidation grouting should be conducted for dam foundation to
improve the intactness of rock mass.

(4) The depths of relative water-resisting layer are 1 ~ 2m at the riverbed dam section,
17~27m and 3.5~4.5m respectively for the left and right bank dam section. The leakage
problem is prominent around the left abutment and attention should be paid to permeability
stability of the left-bank overburden. Local fractured rock mass is likely to have strong
permeability and certain anti-seepage workload should be considered.

(5) A plunge sill exists at the stilling basin, which is likely to be local
gneissosity-intensive zone or weak layers, with certain geological defects and thick alluvium
is likely to accumulate in the groove downstream of the plunge sill, so considerations should
be given to the quantities of certain excavation, backfill and foundation treatment.

(6) The slopes at the left and right banks are low and gentle at the damsite, and the
natural slope has overall stability. The artificial excavated slopes at both banks have small
height and overall stability. During slope excavation, the slope overburden and fractured rock
mass are likely to collapse, so timely support treatment is necessary.

4.4.3 Water Conveyance and Power Generation System
4.4.3.1 Comparison of Headrace and Tailrace Powerhouse Schemes

In accordance with the design scheme, comparison was conducted between the headrace
underground powerhouse and the tailrace ground powerhouse. The headrace underground
powerhouse is located 80m underground 220m to the left bank of the dam site, and the
tailrace ground powerhouse is located at the tailrace outfall of the bidding scheme. The
engineering geological conditions of the two schemes are compared as below.

(1) At the powerhouse positions of the two scheme, the terrains are gentle, adverse
geological action is not developed, the lithology is mainly of granite gneiss and amphibolites,
no large-scale faults have been found, and the groundwater table is generally 10~26m. For the
headrace powerhouse scheme, the completely weathered lower limit depth is 3.1~53.2m and
the highly weathered lower limit depth is 14.2~57m. For the tailrace powerhouse scheme, the
completely weathered lower limit depth is 3.1~32.2m, and the highly weathered lower limit
depth is 14.43~46.2m. The basic geological conditions of the two schemes vary little and can

meet the layout requirements both.
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(2) The main geological problem for the headrace powerhouse scheme is that the
overlying rock mass thickness of the underground caverns is slightly higher than the empirical
value and the safety margin is a bit low.

(3) The main engineering geological problems for the tailrace powerhouse scheme
include the following: excavation of ground powerhouse results in high slope, the slope
overburden and completely weathered layer have a total thickness of 30~40m, in the
condition of rainstorm and earthquake, curved-shape instability failure is likely to form to the
slope; a shallow-buried pressure long headrace tunnel with length of 8~9km will be formed,
due to limited geological investigation along the tunnel, the possibility of existence of
large-scale structures cannot be eliminated, so it is recommended that the geological
structures should be predicted based on the excavation condition of the construction adits in
the next stage.

(4) In a word, the two schemes have tenable geological conditions, but the headrace
scheme has less prominent engineering geological problems, so it is superior to the tailrace
scheme.
4.4.3.2 Engineering geological conditions of water conveyance system

(1) The intake slopes are low and gentle, and both the natural slopes and excavated
slopes are stable on the whole. But the overburden at the top of the slopes and the completely
weathered layer has poor self-stabilizing capacity. For the groundwater table at the slopes is
relatively high, the slope destabilization is likely to occur in case of large artificial disturbance.
It is recommended that the slope ratio of the slopes with overburden should be as gentle as
possible and drainage treatment should be well done. The excavation slope ratio is
recommended as follow: 1:1.2~1:1.5 for slopes of highly weathered and above, and
1:0.5~1:0.75 for moderately weathered rock mass.

(2) The intake tower foundation is seated on granite gneiss of moderately weathered
upper section, where the rock mass with poor intactness is in mosaic~block-fractured
structure, the bearing capacity is 1 ~ 2MPa, and the deformation modulus is 3 ~ 5GPa. After
appropriate treatment, the foundation bearing capacity and deformation can meet the
engineering requirements.

(3) The floor plate of the upper horizontal section of the headrace tunnel is largely
located in the upper section moderately weathered stratum, where the rock mass has poor
intactness and is relatively fractured locally, the bearing capacity is 1~ 2MPa, and the

deformation modulus is 3~5GPa. The bearing capacity and foundation deformation can meet
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the relevant requirements. The upper part of the pressure shaft section is composed of
moderately weathered rock mass, classified as Class Il surrounding rocks; and its lower part
is slightly weathered rock mass, classified as Classes Il to Il surrounding rocks, and small
spalling may produce at local fractured zone and the combined locations of random joints,
support measure should be taken. The lower horizontal section of the headrace tunnel is
located in slightly weathered rock mass, where the rock mass is relatively intact and the
surrounding rocks are mostly of Classes Il to Ill. Small spalling may produce at local
fractured zone and the combined locations of random joints, support measure should be taken.
The overall tunnel section is located below groundwater level, seeping drip or linear flowing
water is likely to produce locally and special treatment is required.

(4) In the tailrace tunnel, the surrounding rocks are mainly of Class Ill, partially of
Classes Il and 1V, in which, Class 11l surrounding rocks account for about 80%, and small
spalling may produce at local fractured zone and the combined locations of random joints,
support measure should be taken. Class IV surrounding rocks account for 10~15%, and is
mainly distributed in the local highly weathered tunnel section, biotite-enriched tunnel section
and the tailrace outfall. Class V surrounding rocks account for 2~3% and is located in the
tunnel section where a fault passes through; others are Class 11 surrounding rocks.

At the tailrace outfall, the topography is relatively gentle and the bedrock weathering is
deep, the slope of highly weathered and above has poor stability but the moderately
weathered rock slope has relatively good stability. It is recommended that the slope ratio of
the slopes with overburden should be as gentle as possible and drainage treatment should be
well done.

(5) Along the water conveyance system, the groundwater table is comparatively high, the
overlying surrounding rocks are mainly of moderately and slightly weathered rocks,
belonging to moderately and slightly permeable layer, and there is poor water storage
condition, generally, large water gushing will not occur in the relatively intact tunnel section,
but water gushing is likely to occur in the section with developed structural planes, so
drainage treatment should be well done during construction.

(6) Along the water conveyance system, the bedrock is gneiss, and there is no
distribution of strata containing harmful gases, so, there is no harmful gas problem.

(7) Since the bedrock along the water conveyance system is gneiss, there is possibility of
the presence of radon. Detection is recommended in next stage. In construction, radon is

likely to become radioactive radon decay product harmful to human body, thus, good
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ventilation measures must be taken in construction especially in the granite tunnel section to
reduce radon concentrations in the cavern and reduce the radiation dose equivalent of the
construction personnel.

4.4.3.3 Engineering Geological Condition of Underground Powerhouse Area

(1) At the underground powerhouse area, the surrounding rocks are slightly weathered
granitic gneiss, amphibolite gneiss and amphibolite, the rock mass is intact, the gneissosity
strike is basically perpendicular to the tunnel axis, biotite is enriched in local positions, it is
estimated the biotite-enriched zone accounts for 3.7% of the tunnel section. The surrounding
rocks are largely of Classes Il to Il and locally of Class IV, the cavern has overall stability.

(2) The thickness of the overlying rock mass in underground powerhouse and main
transformer hall is 40~50m (2 to 2.8 times the tunnel span), and the thickness of the overlying
rock mass in tailrace surge chamber is 32~44m (1.6 to 2.2 times of the tunnel span), which
basically meet the requirements for overlying rock mass thickness of 1.5 to 2.0 times of the
tunnel span based on engineering experience. The necessary measures shall be taken during
construction to reduce the disturbance to the crown surrounding rocks and deformation shall
be well monitored.

(3) At the underground powerhouse area, the crown is stable on the whole, the joint set
with attitude of N73-82 ° W SW £ 45-65 ° and the gneissosity with medium dip angle,
together with the random joints, are easy to form unstable random blocks at the crown. The
NE side wall in underground powerhouse region is liable to the effects of the joint set with
attitude of N73 ~ 82 ° W SW £45 ~ 65 °, and unstable blocks are likely to form in local
places.

(4) At the underground powerhouse area, the groundwater table is comparatively high,
the overlying surrounding rocks are mainly of moderately and slightly weathered rocks,
belonging to moderately and slightly permeable layer, and there is poor water storage
condition, generally, large water gushing will not occur in the relatively intact tunnel section,
but water gushing is likely to occur in the section with developed structural planes. Due to the
relatively thin thickness of overlying surrounding rocks in the cavern and high groundwater
table, adequate drainage and necessary anti-seepage treatment should be well done during
construction.

(5) At the underground powerhouse area, the bedrock is gneiss, and there is no
distribution of strata containing harmful gases, so, there is no harmful gas problem.

(6) Since the bedrock along the underground powerhouse area is gneiss, there is
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possibility of the presence of radon. Detection is recommended in next stage. In construction,
radon is likely to become radioactive radon decay product harmful to human body, thus, good
ventilation measures must be taken in construction especially in the granite tunnel section to
reduce radon concentrations in the cavern and reduce the radiation dose equivalent of the
construction personnel.

4.4.3.4 Engineering Geological Conditions of Switchyard

At the switchyard, the terrain is flat, the adverse geological actions are not developed
within the site area, the formations are not developed, no active fault passes through, so the
site is stable and has good suitability.

It is suggested to strip out the useless layer of Whumus layer, and use @ 1 layer with
silty clay as the foundation supporting course. The bearing capacity characteristic value (fa)
of the foundation soil is 160~180kPa, the recommended compression modulus (Es) value is
7~9MPa, thus, the bearing capacity and settlement of foundation can meet engineering
requirements.

4.4.4 Temporary Structures
4.4.4.1 Open Diversion Channel

The excavation elevation of the diversion channel bottom is 1019~1021m, which is
mainly located on the moderately weathered lower section granitic gneiss, the rock is
medium-hard rock, in a welded-firm thin-layer structure, and is relatively intact to poor
intactness, belonging to Class Ill rock mass. According to the engineering experience in
similar projects, the anti-scouring flow rate is 5.5~6.5m/s, a small segment of highly
weathered and moderately weathered upper section rock mass is distributed at local channel
bottom downstream, the rock is broken, and in fragmented structure, belonging to Class IV
rock with low strength, and the anti-scouring flow rate is 2~3m/s. In the process of excavation,
faults and the affected zones may be exposed, and the rock mass within the zone belongs to
Classes V and IV, with anti-scouring flow rate of 1~2m/s.

The moderately weathered lower section rock mass is of high strength and small
permeability, it can be used as the guide wall base surface of the diversion channel, the
moderately weathered lower section rock mass can also be used after appropriate treatment. In
the foundation excavation process of the guide wall, faults and its fracture zones may be
exposed, the rock mass is fractured and in fragmented-like~granular structure, belonging to
Classes V to IV rocks, with low strength and good permeability, it may become a seepage

passage leading to the dam foundation pit, so appropriate reinforcement measures should be
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taken. Guide wall foundation rock mass does not encounter large-scale low-angle structural
plane and unfavorable combination of structural planes, the shallow and deep layer
anti-sliding stability is good.

The excavated slope of the diversion channel on the bank slope side is 5~15m high, the
overburden layer above the slope is shallow, usually only 1~1.5m, under which the thickness
of the completely and strongly and moderately weathered upper section rock mass is small,
the lower segment of the slope is of moderately weathered lower section rock mass, and
relatively large-scale low-angle structural plane dipping outside the slope has not been found,
the slope is overall stable. During the excavation, small-scale landslide may occur in the
overburden layer and completely & highly weathered rock mass, so the support should be
enhanced. The recommended excavation slope ratio is 1:1 for slopes above highly weathered
zone; 1:0.5~1:0.75 for moderately weathered zone; and 1:0.2~ 1:0.35 for slightly weathered
zone.
4.4.4.2 Upstream Cofferdam

The right-bank abutment of the upstream cofferdam is connected with the guide wall on
the left side of the diversion channel, the cofferdam foundation at the left bank is on the
eluvial layer, which is mainly of low plastic — non-plasticity silty clay with gravel; at the
riverbed, the bedrock is exposed locally, and thin drift gravel layer is distributed; the upper
part of the overburden layer is loose, medium and lower parts are slightly dense~ medium
dense, the foundation strength and resistance ability to deformation meet the Project
requirements. The riverbed cofferdam foundation is seated on the medium dense~ dense drift
gravel and strongly~ moderately weathered bedrock, the foundation strength and resistance
ability to deformation meet the Project requirements.

The excavation slope height of the left-bank cofferdam foundation and abutment is small,
the slope is mainly composed of medium dense~dense silty clay with gravel, overall stability
of the slope is good, under the disturbance of rainfall and blasting, small scale slump may
occur to the excavated slope, but it has little effect on the Project.

The eluvial layer composition structure of the left-bank cofferdam foundation is uneven,
local permeability is big, below it, the completely weathered layer has strong permeability,
therefore, seepage may occur from the alluvial layer and completely weathered layer, so
anti-seepage treatment is required; according to experience in similar projects, the
permeability of riverbed drift gravel layer is strong, with large leakage amount, which can be

treated together with the anti-seepage wall of the cofferdam body.
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4443 Main access tunnel

At the portal of the main access tunnel, the overall terrains are relatively gentle except
for local parts, the slope surface is covered with Quaternary eluvial soil and completely
weathered strata, thus resulting in poor tunneling condition, therefore, the open-cut depth
shall be increased. At horizontal depth of about 140m, the tunnel goes into highly weathered
rock; and at horizontal depth of about 300m, the tunnel goes into moderately weathered rock,
therefore, it is recommended to appropriately reduce or adjust the portal elevation of the main
access tunnel and the slope ratio of the tunnel bottom plate, so as to enter the tunnel as soon as
possible. The support and reinforcement measures should be strengthened for the excavated
slope and the method of excavation by layers and lining while excavating should be used for
tunneling. The excavated slope ratio (recommended value) is as follows:

1:1.25~1:1.5 for eluvial soil and completely weathered soil; 1:1.1~1:1.2 for highly
weathered rock; 1:0.75~ 1:1.1 for moderately weathered rock upper section; and 1:0.5~1:0.75
for moderately weathered rock lower section.

The surrounding rock is mainly of granitic gneiss and hornblende gneiss, and their
weathering degree varies; majority of the tunnel body is below the water table, and
permeability of the rock mass is weak. There is generally seeping drip in the tunnel, and there
may be linear water or small streams of water gushing locally, so drainage treatment should
be well done. It is predicted that the tunnel surrounding rocks are mainly of Class IlI,
accounting for about 69%, Classes IV and V surrounding rocks account for 9% and 22%
respectively. The tunneling condition is poor at the portal section, and strong support is
recommended. After the tunnel goes into the surrounding rocks of moderately weathered
lower section, the tunneling condition becomes good.
4.4.4.4 Ventilation and Emergency Tunnel

At the portal, the inclined slope has a gradient of 15~25° and is covered by Quaternary
residual soil, the underlying bedrock is highly weathered granite gneiss. The portal is of
completely weathered soil, and the tunneling condition is poor.

After excavation of the portal, the formed slopes are of completely weathered soil slopes
composed of silty clay with gravel or sandy silt, and the slope height is about 20m, therefore,
the slopes are liable to sliding failure. So it is suggested to take necessary support measures.

The surrounding rocks at Chainage K0+000~KO0+342 are completely weathered rock
mass, classified as Class V rock. It is recommended that the method of making lining while

excavating should be adopted for tunnel excavation. The surrounding rock at Chainage
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K0+342~K0+398 is of moderately weathered upper section gneiss, rock mass is broken to
poor intactness, the rock is classified as Class 1V, so it is recommended to take necessary
shotcrete and bolting measure and make timely support. The surrounding rock at Chainage
K0+398~K0+607.066 is of moderately weathered lower section~ slightly weathered gneiss,
the rock is classified as Class 111, thus, it is recommended to take certain support measures.

The tunnel is located below the water table, the surrounding rock mass in tunnel has
weak permeability, the groundwater seeps very slowly, there is generally seeping drip in the
tunnel, and there may be linear water or small streams of water gushing locally, so drainage
treatment shall be well done.
4445 8# Construction Adit

At the portal of 8# adit, the terrain is featured by gentle inclined slope, with gradient of
2~10°, the ground surface eluvium is 1~2m thick, the underlying bedrock is highly weathered,
and the natural slope is basically stable on the whole. There are highly weathered bedrock at
the portal and poor tunneling condition as well as 15m-high artificially excavated slope, so
the slope stability problem is prominent. The recommended excavation slope ratio is: 1:
25~1: 1.5 for residual soil and completely weathered section, 1: 1~1: 1.25 for highly
weathered section, and 1: 0.75~1: 1 for moderately weathered upper section, and support

should be enhanced.

It is forecasted that the highly weathered granite gneiss is at Chainage K0+000~K0+047,
classified as Class V surrounding rock; the upper moderately weathered rock mass is at
Chainage KO0+047~KO0+152, classified as Class IV surrounding rock; and the lower
moderately weathered and slightly weathered rock mass is at Chainage K0+152~K1+128.89,
classified as Class I11 surrounding rock.
4.4.4.6 9# Construction Adit

At the portal of 9# construction adit, there is gentle slope topography, with slope of 1~3°,
the surficial residual soil is 3~6m thick, the underlying bedrock is highly weathered, the
natural slope is overall stable but the adit tunneling condition is bad.

The proposed excavation slope is about 25m high. The upper part is composed of eluvial
soil and completely weathered soil, and the lower part is composed of highly weathered rock
mass with poor slope stability, thus, it’s suggested as follows: the excavation slope ratio

should be 1: 1.25~1: 1.5 for eluvial soil and completely weathered rock slope, and 1: 1~1:

1.25 for highly weathered rock slope, and the support measure should be taken.

The surrounding rock in the adit body section is of weak permeable layer, there is much
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seeping drip in the adit, and linear water flow or gushing water in some parts. It is predicted
that: the surrounding rock at Chainage KO0+000~KO0+081 is of completely and highly
weathered gneiss, classified as Class V rock, necessary shotcrete-bolt support measure is
recommended; the surrounding rock at Chainage KO0+190~K0+697.55 is of moderately
weathered lower section and slightly weathered gneiss, classified as Class 111 rock, and proper
support measure must be taken.

45 Construction Materials

4.5.1 Impervious soil material

The borrow area is located at the gentle terrace above El. 1500m at the intake, with flat
terrain and developed vegetation. The soil layer is 15.3~32.8m thick, averagely above 20m.
0.9~5.6m surficial layer is overburden layer, with loose soil, rather developed root system
plant and a big content of organic materials. The lower layer is composed of mainly
completely weathered clay, secondly silty clay with gravel, and the soil is low plastic ~
non-plasticity.

In order to obtain the physical and mechanical index of soil materialsoil materials and
evaluate soil material quality, 6 groups of earth samples were taken from boreholes in the
borrow area for Laboratory soil test. Currently, the soil test is in progress. The partial test
results as shown in Table 4.5.1-1 show that the particle content with soil grain diameter larger
than 5mm is less than 10%, and particle content with soil grain diameter less than 0.075mm is
more than 60%. The plastic index is larger than 10, and max. grain diameter is below 20mm,
conforming to the related requirements specified in Code of Natural Building Material
Investigation for Hydropower and Water Resources Projects (DL/T5388-2007). The
permeability coefficient value is slightly bigger than that specified in the regulation. Through
comprehensive analysis, the soil material quality meets the requirements for cofferdam

anti-seepage soil material.
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List of Results of Soil Physical and Mechanical Parameter Test

Table 4.5.1-1
Dry Optim
. . ermeal
densi|Specifi Direct | um
Natural ) . o o ility
oty c Granulometric composition(mm)(%) Liquid plastic limit| shear test | water
density . oeffici
Exploratio|[No|  Sampling |Classificati weight (natural) ot conten
n position position(m) | on of soil t
Plasti{Plastic]asticit] rictid
5 [g/cm 10~2|6.3~1|5~6. 0.425~]0.3~0.4|0.212~|0.15~0.{0.075~ N hesig 10%cm|
glem®|”, | GS 2~5 | 0.6~2 <0.075 [limit | limit | inde ang %
0 0 3 0.6 25 0.3 212 | 0.15 (KPg Is
(%) (%) | (% ©)
High liquid
S7| ZK4:14.8-15.2 | 1.44 254 | 6 4 0 1 1 1 2 3 3 1 78 | 65| 27 | 38 | 25 (23| 22
limit clay
High liquid
S8| ZK5:5.4-58 | . 15 2.51 1 5 2 1 2 2 1 86 | 60 | 33 | 27 | 26 |36 | 1.49
limit clay
Low liquid
S9| ZK5:11-11.3 | 1.59 2.46 2 0 1 1 1 1 94 | 68 | NP - 3 132|165
limit clay
S1 High liquid
ZK5:21-21.3 | . 1.75 2.62 1 0 2 3 3 1 90 |54 | 24 | 30 | 25|21 |954
0 limit clay
Intake —
ZK27:15.25-15. |Low liquid
S6 L 1.56 2.37 3 5 7 3 1 1 80 | 74 | NP - 4 |28
65 limit clay
R1|ZK5,20.05-20.4
1.64 12 | 22
0 m
=1 Completely
. ZKS5,26.1-26.3m| weathered | 1.64 12 | 24
silty clay
R1 ZK5,
1.58 9 |26
2| 26.9-27.21m

Note: the test is done based on British standard, BS1377.
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According to the data provided by the designer, the soil material required is about 80,700
m?®. The average minable thickness is 7.0m, and estimated reserves are about 196,000 m?,
which meets the requirement, namely, 1.5~2.0 times the Project consumption.

The borrow area is located at the right bank of the dam site, featured by flat terrains and
interconnected with construction roads, so there are convenient mining and transportation
conditions.

4.5.2 Concrete Aggregate

(1) Quarry

The quarry is located along the diversion channel on the right bank of the dam site and
its vicinity, featured by flat terrain, with ground elevation of 1032~1036m and a topographic
slope of 2~5°. The ground surface has an overburden layer of 0.0~1.5m, with loose soil,
well-developed plant root system and a big amount of organic materials, so it is useless layer.
The underlying bedrock is granitic gneiss, in which 1.5~8.0m layer is of completely and
highly weathered bedrock and not suitable to be used as aggregate, i.e., it is useless layer as
well. And below it there is moderately weathered granite gneiss.

Presently, no rock physical and mechanical tests have been carried out for the quarries,
and the aggregate quality is evaluated on the basis of the pre-stage results (see Table 4.5.2-1)
made by Norway and Indian companies.

The Indian company sampled three groups of rocks in the aggregate quarry and sent to
the Uganda Central Materials Laboratory to test the physical parameters, including stability
of magnesium sulfate, density, schistose mineral, elongation index, abrasion value, crushing
value, impact value, water absorptivity, specific gravity and so on. The test results are shown
in Table 4.5.2-1. The Laboratory test shows that the granite in the aggregate quarry contains
very high content of biotite (>20%), and other indices are proper except a slightly higher
abrasion value of KCM2.
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Rock Material Test Result

Table 4.5.2-1
Sample No.( lithology)
No. Test item Test method KCM1 KCM_Z_ KCM3
Chornblende (granitic
. . (hornblende)
gneiss) gneiss)

1 Stability of  magnesium | BS812 0.9 1.3 0.8

sulfate (%)
2 Density (kg/m?) BS812 926 2591 2559
3 Schistose and elongation | BS812 N.A(no) N.A(no) N.A(no)

index
4 Aggregate crushing value(%) | BS812 22 27 19
5 Los Angeles abrasion value | ASTM 24 34 22

C131-96

6 Water absorptivity (%) BS812 0.1 0.4 0.10
7 Relative density BS812 2.64 2.58 2.66
8 Aggregate impact value BS812 20 24 13

Note: Stability of magnesium sulfate is tested as per ASTM-C88-76.

The Indian company took three samples in the aggregate quarry for Alkali - silica

reaction test (see Table 4.5.2-2). The results show dissolved silicon of 50~58ppm and alkaline

reduction of 342~358ppm, indicating it is harmless and suitable to be used as concrete

aggregate. The Norway company took the core samples from the boreholes (borehole BH2 &

BHG6) to carry out the alkaline activity test (see Table 4.5.2-3), and the results show that

12-day expansion rate of aggregate is 0.062%~0.048%, and alkaline activity value is all

below 0.10%. The test results also show it is harmless. The alkaline activity test shows that

the stone in the aggregate quarry and the excavation materials are inactive aggregate and can

be used as the concrete aggregate source.

Results of Alkali Silica Reactive Test Conducted by Indian Company

Table 4.5.2-2
Test Parameters
Sample No. . — — .
Dissolved silica (ppm) Alkalinity reduction (ppm)
KCM 1 52 344
KCM 2 58 358
KCM 3 50 342
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Results of Alkali Silica Reactive Test Conducted by Norway Company

Table 4.5.2-3
Sampling location Aggregate 12-day expansion ASR probability Conclusion
rate
North bank near Gneiss 0.048 <0.10% Aggregate is
diversion weir innocuous.
Boreholes BH2 and | Granitic gneiss 0.062 <0.10% Aggregate is
BH6 innocuous.

The reserves of useful materials are 1,278,000 m®in the quarry, which is about one time
the designed required volume of 1.2 million m®. Since the aggregate quarry is near the bank
side, the underground water level is high, and there is possibility of water seepage in the
excavation pit. Therefore, the water drainage measure shall be taken. The quarry is near the
dam site, with flat terrain, so the mining and transportation conditions are comparatively
good.

(2) Excavation material

Regarding the excavation materials in underground caverns, the lithology is mainly of
granitic gneiss, hornblende gneiss and hornblende. The uniaxial compressive strength of
moderately weathered lower section rock and slightly weathered rock is larger than 40MPa,
and the excavation material can be used as concrete aggregate. In the excavation materials in
caverns, the moderately weathered upper section rock stratum, fault fracture zone and rock
stratum containing high content of black mica are useless interlayers, which account for 20%
of excavation materials according to analysis.

(3) Suggestion on material source selection

In the Project area, there is no distribution of good natural sand-gravel quarry. The
artificial aggregate can be used as concrete aggregate as required for the Project, and the
excavation materials can be given priority as material source. The artificial aggregate for the
pre-stage works can be mined from the aggregate quarry on the right bank.

4.6 Geological Hazard Assessment

The Project area is featured by flat terrains, and the landslide and the debris flow are not
developed. Small-scale landslide and rockfall are distributed locally on the valley bank. In
general, the Project site belongs to geological disaster undeveloped zone, and there is small
risk of occurrence of geological disaster. The types of geological disasters likely to be caused
due to the Project construction include slope slump, tunnel collapse, gushing water and
harmful gases, the risk of geological disaster is medium~ large. During construction,
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corresponding measures should be taken for the sections where the potential geological
disasters are likely to occur.

No active fault passes through in the Project area, no liquefied soil layer is distributed in
dam foundation, so there are no problems of faulted bedding or sand liquefaction. The Project
site is open and flat, it is a favorable location against earthquake, and major seismic
geological disaster is slope slumping caused by strong earthquake. Cemented hard layer is
developed at the slope edge from the intake to the ventilation and emergency tunnel, forming
a steep sill, about 2~5m high. Stone collapse is a common phenomenon, which has certain
threat to the construction road and buildings along the tunnel.

4.7 Conclusions and Recommendations

(1) The peak ground acceleration at exceeding probability of 10% in 50 years in the
dam site area is 0.14g; the corresponding basic seismic intensity is VII degree, and the
regional structural stability of the site is poor.

(2) In the reservoir area, there are good conditions for construction of reservoir, such
problems as reservoir leakage, reservoir immersion and reservoir-induced earthquake do not
exist, the reservoir bank slope has overall stability, and local bank collapse after water filling
has basically no impacts on the Project.

(3) The dam foundation has thin overburden, the rock mass on foundation surface is of
good quality, no development of large-scale fault has been found, so there is favorable
construction condition of the dam. At the left bank, local overburden is relatively thick, and
there exist the problems of seepage around the dam and permeability stability, so
corresponding treatment is required.

(4) The excavated slope has overall stability at the intake of headrace tunnel, but the
overburden at the slope top and completely weathered layer have poor self-stabilizing
capability. It is suggested to make the slope ratio of overburden slope as gentle as possible,
and do well drainage treatment. Along the water conveyance system, the rock mass is mainly
of Class Ill, secondarily of Class Il, and locally of Class IV, resulting in good tunneling
conditions.

(5) At the underground powerhouse area, the surrounding rocks are mainly of Classes
I11 and Il and locally of Class IV. The cavern is overall stable. The thickness of overlying rock
of tunnel crown basically meets the engineering empirical value, but the safety margin is
small. During construction, necessary measures should be taken to reduce disturbance on the

crown surrounding rocks, and the deformation monitoring should be conducted. The
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groundwater level in underground powerhouse area is high, due to relatively thin thickness of
overlying rock of the cavern, and higher underground water level, adequate drainage and
necessary anti-seepage treatment should be conducted during the construction.

(6) The borrow area is located at the left-bank intake. The soil reserves and quality
can meet the engineering requirements and the mining and transportation are convenient. The
quarry is located is located along the open diversion channel and its vicinity at the right bank
of the dam site, and all rock physical and mechanical test indicators meet the specification
requirements. In the Project area, there is no good natural gravel quarry distributed and the
concrete aggregate required for the Project can adopt artificial aggregate and the excavated
material can be given highest priority as material source. The artificial aggregate for the
pre-stage works can be mined from the quarry on the right bank.

(7) The Project area is featured by flat terrains, and the landslide and the debris flow
are not developed. The Project site belongs to geological disaster undeveloped zone, and there
is small risk of occurrence of geological disaster. The types of geological disasters likely to be
caused due to the Project construction include slope slump, tunnel collapse, gushing water
and harmful gases, the risk of geological disaster is medium~ large. During construction,
corresponding measures should be taken for the sections where the potential geological
disasters are likely to occur

(8) It’s suggested to carry out corresponding supplementary survey work after the dam
foundation pit is dewatered. In the design, certain foundation treatment quantities shall be
reserved.

(9) The following is suggested: to further ascertain the characteristics of the geostress
field in the Project area and the effective thickness of overlying rock mass of underground
structures, to check the surrounding rock quality and rock mass physical and mechanical
parameters of the underground works; further assess the main engineering geological problem
of the underground works area to provide basis for optimization of engineering design; and to

further assess the impacts of surrounding rock radioactivity on the underground works.
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5 Project Scale
5.1 Calculation of water power
5.1.1 General

Karuma HPP is located in Kiryandongo Region of Uganda. The dam site is at the flat and
open reach of the Kyoga Nile River. The reservoir has small storage capacity. The normal
pool level is 1030m, corresponding storage capacity is 79.87 million m®, dead water level is
1028m, and regulating storage capacity is 45.53 million m®, and the reservoir belongs to daily
regulation reservoir.

At present, three large-scale hydropower plants have been built upstream of the Karuma
HPP, namely Nalubaale (180MW), Kiira (200MW) and Bujagali (250MW). The three
hydropower plants are all located at the outlet of Lake Victoria, with natural Lake Kyoga
downstream. Karuma HPP is located 110km downstream of Lake Kyoga.

5.1.2 Basic Information and Data

The basic information and data available at this phase are from the results of feasibility
study report "KARUMA HYDRO-POWER PROJECT (600MW) ENGINEERING REPORT"
prepared by India EIPL Company (hereinafter referred to as “the EIPL Report™).
5.1.2.1 Design Dependable Rate

The design dependable rate is 95%, and dependable rate of duration is adopted.
5.1.2.2 Runoff Series

The Kamdini hydrological station located about 10km upstream of Karuma HPP dam site
is taken as the reference station for design of the Project, and runoff series adopts relatively
reliable runoff series results during 1940~1995 and 1997~2000. Runoff series results at the
dam site of Katuma HPP are shown in Table 5.1-1 below.

Runoff Series Results at the Dam Site of Karuma HPP
Table 5.1-1

Month 1 2 3 4 5 6 7 8 9 10 11 12

Mean annual runoff | 955 | 932 | 921 | 938 | 974 | 1010 | 1027 | 1051 | 1056 | 1036 | 1035 | 1003

Proportion in

814 |7.24 (786774830 834 | 876 | 896 | 8.72 | 8.84 | 855 | 8.56
annual runoff (%)

5.1.2.3 Reservoir Length, Area, and Storage Capacity
Based on 87 riverway cross sections measured when the Karuma reservoir water level is

at El. 1030m, the Karuma reservoir parameters are obtained as follows:
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Reservoir length=35km;

At El. 1030m, reservoir area is 27.3735 million m?, and corresponding storage capacity
is 79.87 million m®;

At El. 1028m, reservoir area is 17.9035 million m?, and corresponding storage capacity
is 34.34 million m®,
5.1.2.4 Downstream Water Level

Karuma HPP adopts diversion type development, and the average water level at
downstream tailrace tunnel outlet is 960m.
5.1.2.5 Head Loss

The head loss at the intake of the water conveyance system is 0.43m, total head loss at
the intake is 0.190m, head loss caused by friction in the headrace tunnel is 0.45m, head loss
caused by the bend pipes in the headrace tunnel is 0.13m, and total head loss at tailrace tunnel
is 7.45m. Therefore, the total head loss of the Karuma HPP water conveyance system is
9.49m.
5.1.3 Principle for Calculation of Runoff Regulation

Taking into account that the annual distribution of runoff at the Project dam site is very
uniform, the run-of-river diversion-type development method is adopted. According to the
known normal pool level and dead water level, the output and generating capacity of the
Project are obtained by calculation of runoff regulation.
5.2 Normal water Level
5.2.1 EIPL Report Results

The determination of the normal water level is crucial to for a hydropower plant. The
following two principles are taken into account in determining the normal water level of
Karuma HPP:

(1) The normal water level of the Project shall ensure that the outlet of Kyoga Nile
River at Lake Kyoga will not be affected when the dam is subjected to design flood.
(2) In power generation condition, the stable outflow of the power discharge shall be

guaranteed.
5.2.1.1 Early Results of Normalwater Level

NORPAK, Norway selected the following parameters in its report:

(1) 1028.00m; Normal water level EIl. 1028.00m
(2) 4100m*/s. The max. water level is 1032.00m when design flood flow 4100m°%/s is
encountered (adopted by NORPAK)
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Comparison has been conducted for the results of the EIPL Report with the normal water
level of El. 1028.00m of NORPAK.
5.2.1.2 Establishment of Computational Model

To determine the normal water level, the following input data are used to conduct
intensive research and analysis:

(1) 4 riverway cross sections are chosen from 400m upstream of the proposed dam axis
to 520m upstream of dam axis, because rapids exist near the dam axis, the farther upstream
riverway cross sections could not be obtained, and the length of the extension section is
120m;

(2) 60 riverway cross sections are chosen from 550m upstream of the dam axis to
6700m upstream of the dam axis, and this section involves 6km-long river course;

(3) 27 riverway cross sections are chosen from 6700m upstream of the dam axis to
35000m upstream of the dam axis, and this section involves 27km-long river course.

(4) As the riverbed slope becomes very flat, the water level difference within the entire
27km length is not more than 3.10m, so, the spacing between sections is enlarged.

Thus, by making use of the 91 cross sections within the proposed reservoir area,
modeling is conducted for the whole Kyoga Nile River (about 35km) from 400m upstream of
the dam axis to 35000m upstream of the dam site. The river model under various flow
situations is established by the U.S. military engineering software HEC-RAS.
5.2.1.3 Selection of Normal water Level

Based on the aforementioned model established by HEC-RAS, the following results are
obtained, as described below:

(1) The flood flow at the dam site is estimated 4700m*/s in EIPL Report, while it was
estimated 4100m*/s by NORPAK, basically the same. Meanwhile, in the design proposed by
EIPL, the dam has adequate flood releasing capacity. Even in the case of the design flood
flow of 4700m%s, the maximum water level at the dam site will not exceed 1030m. The
highest level is the same as normal pool level, both are 1030m. In the design of NORPAK,
when the design flood flow is encountered and the reservoir reaches the normal pool level of
1028m, the highest water level is 1032m.

Table 5.2-1 below shows the water level elevation at different locations of the model:
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Upstream Water Level Corresponding to Design Flood Flow

Table 5.2-1 Unit: m
Natural Normal Pool Level 1030m Normal Pool Level
Flow (without dam 1028m
2 3
4700m°/s) CEIPL; 4700m'/sL) (NORPAK, 4100m*/s)

Water level at 35km upstream

of the dam site 1035.49 1035.07 1034.93

Water level at the dam site 1032.49 1030.49 1032.00

We can see from the above table:

1) For the normal pool level 1030m, the natural water level line at 35km upstream of the
dam axis almost coincides with the backwater line after dam construction. Therefore, it’s
considered that the reservoir can be extended to 35km.

2) If we consider the normal pool level of 1028m and the highest level of 1032m (design
flood flow of 4100m*/s) of NORPAK Company, the water surface elevation at 35km upstream
of dam axis is 1034.93m, lower than its original state, indicating that a higher normal pool
level can be achieved.

(2) If the design flow for the Project is 1128m®s, plus environmental flow of 50m%/s, the
river flow should be ensured at 1178m?*/s. Table 5.2-2 below lists the results of the river model
under this flow.

Water Level Corresponding to Design Flow

Table 5.2-2
Natural
Normal Pool Level 1030m Normal Pool Level 1028m
Flow (without dam
’ 3 3
1178m¥s) (EIPL, 1178m°/s) (NORPAK, 890m°/s)

Water level at 35km
upstream of the dam 1031.49 1031.71 1030.96

axis

Water level at the 1028.05 1030.00 1028.00
dam axis

We can judge from the data in the above table:

At 35km upstream of the dam site, the water level under 1178m°/s design flow is nearly
the same as the original state when the dam is not built. It can also be seen, if we choose the
scheme with normal pool level of 1028m, it means that the water resources are not fully
utilized.

Based on the above river model analysis results, for the normal pool level of 1030m, the

water level under the flood flow and design flow conditions is almost the same as the original

1-165




Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

state. In addition, the reservoir area extends only 35km upstream of the dam site, and does not
reach Lake Kyoga. Therefore, the normal pool level of Karuma HPP reservoir is determined
as 1030.00m.

5.2.2 Review of Normal Pool Level

(1) Karuma HPP dam site and reservoir area are located at the "U"-shaped valley,
where the terrain on both banks is flat and gentle, the ground elevation on the right bank is
about 1035m, and the ground elevation on the left bank is about 1055m. According to the
terrain and geological conditions, after the review at this stage, by considering the demand of
crest freeboard and anti-seepage requirements on both banks, it is recommended that the
normal pool level should not exceed 1030m.

(2) Karuma HPP is the first cascade hydropower plant on the Victoria Nile River
downstream of Lake Kyoga. The river section length from the outfall of Lake Kyoga to
Karuma HPP dam site is about 110km, the terrain of this section is flat, so the construction of
the Project would not affect the water level at the outfall of Lake Kyoga. According to the
river model analysis results based on EIPL report, when normal pool level of 1030m is
selected for Karuma HPP, the reservoir backwater length in the case of design flood is about
35km, and under the design power flow condition, the riverway water level at 35km upstream
of the dam site is basically the same as that under the natural situation. Therefore, for normal
pool level of 1030m, under the flood flow and design flow conditions, the reservoir area
extends 35km upstream of the dam, and does not reach the Lake Kyoga, thus, having no effect
on the water level at the outfall of Lake Kyoga.

To rationally use water resources, and not affect the water level at the outfall of Lake
Kyoga, and in consideration of topographic and geologic conditions, it is recommended at this
stage that normal pool level of Karuma HPP should be 1030m.

5.3 Dead Water Level

In accordance with the results of the EIPL Report, when the normal pool level is 1030m,
the suitable dead water level of the reservoir is 1028m, i.e. 2m drawdown depth.

Considering that the river level on the left bank of the recommended dam axis is 1028m,
there is no bedrock outcrop, and the water-taking requirement can be met. Meanwhile, the
regulation storage capacity of 45.53 million m? after 2m drawdown depth can meet the daily
regulation requirement.

Therefore, the reservoir drawdown depth of 2m in the previous research results is

adopted and the relevant parameters recommended in this stage are: the dead water level of
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1028m, corresponding storage capacity of 34.34 million m®.
5.4 Characteristic Water Level for Flood Control

According to the flood information provided by the hydrology specialty and discharge
facilities discharge curve data provided by the dam engineering specialty, flood regulation
review calculation is conducted. The characteristic water level indicators of Karuma HPP at
this stage are consistent with the results given in the feasibility study report "KARUMA
HYDRO-POWER PROJECT (600MW) ENGINEERING REPORT" (DECEMBER 2010), as
shown in Table 5.4-1.

Characteristic Water Level Table of Karuma HPP

Table 5.4-1

Indicator Unit Data
Design flood level (10000-year flood) m 1030.00
Normal pool level m 1030.00
Min. drawdown water level m 1028.00

Storage capacity corresponding to normal pool level 10,000 m* 7987

Storage capacity corresponding to min. drawdown 10,000 m? 3434

level
Regulation storage capacity 10,000 m* 4553

According to the data provided by the hydrology specialty, the design peak flood for
10000-year flood is 4700m*/s, and this outcome is consistent with the results of the feasibility
study report. In accordance with the design requirements, when the dam suffers from
10000-year flood, both the normal pool level and design flood level should remain unchanged
at 1030m. According to the flood releasing capacity curve review results of the Karuma dam
provided by the dam engineers (flood release volume corresponding to the water level before
dam of 1030m is 5201.9 m%fs), such requirement can be met. Therefore, when the dam suffers
from 10000-year flood, the maximum water level before the dam will not exceed 1030m.

5.5 Installed Capacity

The proposed installed capacity and hydropower energy parameters at this stage are
taken from EIPL report. In this Report, economic comparison and analysis are made for
various schemes. With comprehensive consideration from the aspects of resources,
construction conditions and economic indicators, it is recommended that installed capacity for
Karuma HPP should be 600MW.
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5.5.1 Installed Capacity Range

Before determining the installed capacity, the installed capacity range should be
considered first, then the optimal installed capacity will be selected between the minimum and
maximum possible capacity.

Installed capacity (MW) =9.81xQxHdxntg/1000

Where:

Hd is rated head, 60m.

ntg is hydro-generating unit efficiency, 90.62%.

Q denotes the net flow after deduction of the loss, m*/s.

Min. flow at design representative year is 765.9 m*/s.

Max. flow at design representative year: 1382.08 m*/s

Therefore, according to the above mentioned formula, the calculated installed capacity
shall be between 408MW and 737MW, and the installed capacity range shall be between 350
and 750MW.
5.5.2 Annual Energy Output

Analysis and calculation are made on the different installed capacity schemes (starting
from 350MW, with increment of 50MW, up to 750MW). Table 5.5-1 shows annual energy
output and operating hour of installed capacity under different installed capacity schemes in
normal year.

Annual Energy Output under Various Installed Capacity Schemes (in Normal Year)

Table 5.5-1
No. Installed capacity (MW) Annual energy output Operation hour of installed
(10° kwh) capacity (h)
1 350.00 30.66 8760
2 400.00 35.04 8760
3 450.00 38.79 8620
4 500.00 41.20 8240
5 550.00 42.64 7753
6 600.00 43.73 7288
7 650.00 44.67 6872
8 700.00 45.38 6483
9 750.00 45.72 6096
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5.5.3 Scheme Determination and Water Energy Parameters

Analysis is made on different installed capacity schemes, and based on the progressive
increase of installed capacity, the number of supplementary available hours between each
interval is calculated and the calculation results are shown in Table 5.5-2 and Fig. 5.5-1.

Supplementary Operating Hours in the Variation Range of Various Installed Capacity

Schemes
Table 5.5-2
No. Range of installed capacity (MW) Supplementary operating hour (h)
1 350-400 8760
2 400-450 7500
3 450-500 4820
4 500-550 2880
5 550-600 2180
6 600-650 1880
7 650-700 1420
8 700-750 680

From the table above, it is clear that with the increase of the installed capacity, the
corresponding power generation efficiency is also increased. Under certain installed capacity
range, the increase rate of the operating hours of the supplementary installed capacity is

minimum, that is, this is the optimal scheme to fulfill the maximum net benefits.

Figure 5.5-1 Distribution of the operating hours for supplementary installed capacity
As shown by the above chart, when the installed capacity is between 400MW and

650MW, the increment rate of operating hours for supplementary installed capacity has a
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sharp decline, and the largest decline value occurs when the installed capacity is 450MW.

However, except this point, no sharp decline occurs. Larger installed capacity provides high
energy output, and maximizes the use of developable potential. In order to determine the
optimal installed capacity, three installed capacity schemes with water utilization rate greater
than 90% are selected for further comparison, as described below.

Scheme 1: installed capacity of 550MW (6 x 92MW);

Scheme 2: installed capacity of 600MW (6 x 100MW);

Scheme 3: installed capacity of 650MW (6 x 108MW).

Through runoff regulation calculation, the hydroenergy parameters of each schemes are
listed in Table 5.5-3.

Hydroenergy Parameters of Installed Capacity Schemes

Table 5.5-3
Installed capacity (MW) 550 600 650
Quotative d|§charge3for power 1034 1128 1229
generation (m°/s)
Annual energy output

(10%KWh) 42.64 43.73 44.67
Operating hoqrs of installed 7750 7990 6870

capacity (h)

Water utilization rate (%) 93 96 98

5.5.4 Project Construction Conditions

(1) Topographic and Geologic Conditions

The dam site is located at Karuma Falls area. Kyoga Nile River flows through the dam
site from southeast, and turns southwestwards downstream of the dam site. The terrain on
both banks of the river is peneplain gentle slope, with small undulating, the general ground
elevation is 960~1070m, and the lowest point is at the riverbed. The width of riverbed at the
dam axis is the narrowest, with rapids, and main structures such as powerhouse, main
transformer tunnel and the surge chamber are located below a gentle slope platform. A gully is
developed upstream of the dam axis on the left bank, and two gullies are developed
downstream of the dam axis on the right bank, but the scale of the gullies is not large. The
rock mass at the Project area experienced tectonism of at least three phases, namely, fold of
the first and second phases, and tensile distortions of the third phase. No large-scale faults are
found at the Project area.

The dam site is located at a "U"-shaped valley, the ground on both banks is gentle, the
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ground elevation is about 1035m on the right bank and around 1055m on the left bank. In
consideration of the demand of crest freeboard and anti-seepage requirements of both banks,
the normal pool level should not exceed 1030m; otherwise the reservoir can not be closed.

(2) Project Layout

Viewing from the Project layout, the Project layout is basically the same as the structure
form of the water conveyance and power generation system; the main and auxiliary
powerhouse dimensions vary due to different installed capacity conditions. Overall, in each
scheme, the size of powerhouse cavern and main transformer tunnel increases with the
increase of the installed capacity. Refer to Table 5.5-4 for bill of quantities of powerhouse
under different installed capacity schemes.

Bill of Quantities of Powerhouse under Various Installed Capacity Schemes

Table 5.5-4
No. Description Unit 550MW scheme | 600MW scheme | 650MW scheme
1 Tunnel excavation m® 271724 294713 319116
2 Shotcrete m? 3290 3423 3560
3 Shotcrete with steel m3 1388 1464 1542
mesh
4 Steel fiber shotcrete m? 2953 3117 3285
5 Ordinary grouted bolt Piece 25843 26901 27976
6 Pre-stressed bolt piece 1664 1768 1874
7 Steel fiber kg 164568 173585 182858
8 Concrete m® 70742 73360 76013
9 Rebar t 6978 7249 7526
10 Steel products t 125 126 128
11 Drainage hole @50 m 9148 9749 10364
12 Soft drain pipe @50 m 8323 8865 9421
13 Roof space truss m? 4644 5037 5447

In all the schemes (550MW, 600MW, 650MW), the layout of water conveyance system
is basically the same, and it is composed of intake, headrace tunnel, tailrace adit, tailrace
surge chamber, tailrace tunnel and tailrace outfall. The headrace tunnel adopts the layout form
of one unit in one tunnel, with circular section and flat-bottom horseshoe-shaped section, and
the section form of the tailrace adit is the same as the headrace adit, similarly in the layout
form of one unit in one tunnel. After the tailrace adit reaches the tailrace surge chamber, three
tunnels combine into one and form two tailrace tunnels. The section form is of flat-bottom

horseshoe-shape. The tailrace surge chamber adopts two hydraulic units. The comparative
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schemes of installed capacity are designed herein based on the principle of equivalent head

loss, and different installed capacity matching different quotative discharge. In different
schemes, only the sizes of tailrace adits and tailrace tunnels are adjusted, other structures
remain unchanged as the recommended scheme. Main dimensions of structures in the tunnels

for all schemes are shown in Table 5.5-5.

Size of Water Conveyance Structure under Various Installed Capacity Schemes
Table 5.5-5

Installed capacity scheme
Description Unit
Scheme 1(550MW) | Scheme 2(600MW) | Scheme 3(650MW)
Number of headrace tunnel | Number 6
Length of headrace tunnel m 405.47m~389.24
Excavation diameter of
m 8.9
headrace tunnel
Inner diameter of headrace
. m 7.7
tunnel (lining)
Number of tailrace adit Number 6
Length of tailrace adit m 154.53m~153.73m
Excavat_lon dlameter of m 8.2 8.9 91
tailrace adit
Inner dlametgr_of tailrace adit m 70 77 79
(lining)
Number of tailrace tunnel Number 2
Length of tailrace tunnel m 8544.79m. 8451.41m
Excavation diameter of m 13.2-14.3 13.7-14.8 14.3-15.4
tailrace tunnel
Inner diameter of tailrace m 12.3~12.4 12.8~12.4 13.4~135
tunnel(lining)
(Note: the data in the table are based on the results of the scheme comparison stage.)
Capacity building major water than comparable alternatives scale projects
Table 5.5-6
Description Unit Scheme 1(550MW) | Scheme 2(600MW) | Scheme 3(650MW)
Stonework hole digging m? 2666073 2878158 3133761
Spray plain concrete m? 2908 3039 3165
Hanging shotcrete m® 44369 46109 48121
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Description Unit Scheme 1(550MW) | Scheme 2(600MW) | Scheme 3(650MW)

Sprayed steel fiber

m° 12151 12944 13924
reinforced concrete
Bolt N 171740 173826 189619
Steel fiber t 596 635 683
Concrete m’ 275658 286962 299290
Reinforced t 28787 29958 31293
Steel t 3013 3013 3013
Consolidation Grouting m 67557 69936 72719
Backfill grouting m? 195338 203081 211688
Waterstops m 47723 49683 51872

(Note: The data in the table for the program compares the results of phase)

(3) Electro-mechanical equipment

According to the hydroenergy parameters, the electro-mechanical equipment parameters

in each scheme are calculated, as shown in Table 5.5-6.

Comparison of Installed Capacity Schemes

Table 5.5-7

No. Description Unit Installed capacity scheme

1 Total installed capacity MW 550 600 650
2 Number of generating Set 6 6 6

unit
3 Unit rated capacity MW 91.7 100 108.3
4 Turbine rated output MW 935 102 110.5
5 Rated head (Hr) m 60 60 60
6 Rated discharge (Qr) m’/s 171 186 202
7 Rated speed (nr) r/min 150 142.9 136.4
8 Runner diameter (D1) m 4.27 4.45 4.64
9 Turbine unit weight t 525 580 630
10 Turbine total weight t -330 0 +300
difference
11 Cylinder valve unit t 26 28 30
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No. Description Unit Installed capacity scheme
weight
12 Cylinder valve total t -12 0 +12
weight difference
13 Generator unit weight t 741 811 882
14 Generator total weight t -396 0 +462
difference
15 Capacity of one main MVA 113 123 133
transformer
16 Number of main 6 6 6
Set
transformer
17 Bridge crane unit t 140/280 160/320 180/360
weight/total weight
18 Bridge crane total weight t -40 0 +40
difference
19 Spacing between units m 24.5 25.5 26.5
20 Powerhouse width m 20 21 22
21 Powerhouse height m 55 56.5 58
22 Erection site length m 43 45 47

(Note: the data in the table are the results of the scheme comparison phase)
(4) Construction conditions

With the increase of the installed capacity, the excavation diameter of the headrace
tunnel increases gradually, and the construction difficulty also increases accordingly, BOQ of
temporary works will have a slight increase with the increase of the tunnel diameter. With
increase of installed capacity and unit capacity, the transportation and installation difficulty of
the units, main transformers, etc. will increase in turn.

Considering the above aspects, the construction conditions and construction difficulty of
the three schemes (550MW, 600MW, 650MW) for Karuma HPP are similar, the construction
methods and construction passage are the same, construction period and construction
difficulty have no essential change.

5.5.5 Economic Comparison

(1) Investment estimation

The economic comparison of various installed capacity schemes adopts static investment,
and the change in installed capacity has greater impact on water conveyance system,
electro-mechanical equipment and powerhouse, therefore, during the comparison at this stage,

the three aspects with major investment variation are mainly considered, and the differentials

1-174



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

are superimposed on the basis of the original results to estimate the static investment.

The total static investment for all installed capacity schemes is shown in Table 5.5-8.

Total Static Investment for Installed Capacity Schemes

Table 5.5-8

Unit: 10° yuan

Installed capacity scheme

Scheme 1(550MW)

Scheme 2 (600MW)

Scheme 3 (650MW)

Static investment of main
scheme

(EIPL Report)

96.72

Comparable investment
differential of water
conveyance system

-1.5735

1.995

Comparable investment
differential of
electro-mechanical equipment

-0.7089

0.7285

Comparable investment
differential of powerhouse

-0.2255

0.2328

Total static investment

9421

96.72

99.68

(Note: the data in the table are based on the results of the scheme comparison phase.)

(2) Comparison result

The investment per KW of supplementary installed capacity of coal-fired power plant is
calculated on the basis of 4100 RMB/kW, and the construction period is 1 year. The annual
operating cost rate of the designed power plant takes 2.0%, the annual operating cost rate of
the alternative power plant takes 6%, fuel price takes 1000 RMBI/t, coal consumption per KWh
is calculated as per 330g, equivalent of both electricity and capacity takes 1.05. In calculating
the present value of the total cost of the power system, the social discount rate takes 8%, and

the calculated period is 30 years. The economic comparison results of all installed capacity

schemes are shown in Table 5.5-9.

Economic Comparison Results of Installed Capacity Schemes

Table 5.5-9
Index\scheme Unit Scheme 1 Scheme 2 Scheme 3
Installed capacity MW 550 600 650
Annual energy output 10°® kWh 42.64 43.73 44.67
Total static investment | 10% yuan 94.21 96.72 99.68
Investmen'_c per kW Yuan/kw 17129 16120 15335
(static)
Investment per kW.h | Yuan/kWh 2.21 2.21 2.23
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Present value of total 10° yuan 1208 118.3 114.9
costs
Additional investment | 10% yuan 2.51 2.96
Supplem(_antary MW 50 50

capacity

Additional investment Yuan/kw 5020 5920
per kW

Present value 8
difference of total costs 10" yuan 25 34

5.5.6 Selection of Installed Capacity

By comparing the results of resources, construction conditions and economic indicators,
from the point view of annual energy output, the schemes of 600MW and 650MW are
superior, and both reach 4.3 billion kWh or higher; from the point view of the operating hours
of installed capacity, the schemes of 550MW and 600MW are preferable, and both reach more
than 7000h; from the point view of the construction conditions, there is no big difference
among three schemes, which is not considered as a constraint factor; from the perspective of
economic indicators, the investment per kWh in schemes of 550MW and 600MW is lower;
when the capacity and electricity of the power system is met to the same extent, the larger the
installed capacity, the smaller the present value of the total cost, and the decline slightly
increases, so the schemes of 600MW and 650MW are superior.

Therefore, after comprehensive consideration, the recommended installed capacity for
Karuma HPP is 600MW.

5.6 Unit Type, Number of Units and Rated Head

The current installed capacity of Ugandan national grid is approximately 746MW, and
after completion of Karuma HPP, the grid capacity will be about 1346MW. According to the
provision in Electrical-mechanical Design Code of Hydropower Plant (DL/T5186), the
maximum capacity of the generator transformer unit should not be greater than 8% to 10% of
the system installed capacity, so the unit capacity of the Project should not be more than
108MW.

In addition, excessive number of units is bound to increase the Project investment and
layout difficulty. Moreover, six units are required in the Tendering Documents. In summary,
six vertical shaft Francis turbine-generator units with unit capacity of 100MW and rated head
of 60m are recommended for the Karuma HPP.
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5.7 Economic Comparison of Tunnel Diameters

Since the water conveyance systemof Karuma HPP is of large scale and the tailrace
tunnel is long, economical diameters of tunnels are compared in this stage. With
comprehensive consideration of the geological conditions, the structural arrangement,
construction technology and kinetic energy economic indicators of the water conveyance and
power generation system, the selected diameters are 12.80m for tailrace tunnel, 7.70m for
tailrace adit, and 7.7m for headrace tunnel (including vertical shaft).

5.7.1 Water Conveyance System Layout and Tunnel Diameter Comparison

From the point view of BOQ and project investment, the smaller the tunnel diameter, the
less the BOQ and investment. But considering the power generation benefit, reducing the
diameters of headrace tunnel and tailrace tunnel will increase flow velocity, and head loss and
energy loss will increase. Therefore, to reasonably select an economical tunnel diameter and
flow velocity of the headrace tunnel and tailrace tunnel, on the basis of parameters selected in
the pre-feasibility study, comprehensive considerations are given to the engineering
geological conditions, head loss, energy efficiency, engineering construction conditions,
investment and other factors, and further technical and economic comparisons are made on
the diameters of the headrace tunnel and tailrace tunnel in this stage.

With reference to the experience in similar projects, according to the economical flow
rate and the hydraulic structure layout requirements, three diameter combination schemes are
proposed for the headrace tunnel and tailrace tunnel. The scheme for the headrace tunnel is
the diameter combination of horizontal tunnel and vertical shaft, and the whole headrace
tunnel adopts the same diameter. The scheme for tailrace tunnel adopts the diameter
combination of tailrace adit and tailrace tunnel. During the comparison of economical tunnel
diameter, according to the layout features of the water conveyance and power generation
system, priority is given to the comparison of economical tunnel diameter for tailrace tunnel.
During the comparison of tunnel schemes, the recommended schemes for intake, surge
chamber, tailrace outfall and other water conveyance structures remain unchanged. The tunnel
size parameter compositions of all combination schemes are shown respectively in Table
5.7-1 and Table 5.7-2.
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Diameter Comparison Schemes of Headrace Tunnel

Table 5.7-1
Scheme Scheme 1 Scheme 2 Scheme 3
Quotative discharge 188.20 188.20 188.20
(m?/s)
Section shape Circular Circular Circular
Shaft section Tunnel diameter 710 770 8.50
(m)
Flow velocity for
power generation 4.75 4.04 3.32
(m/s)
Quotative discharge 188.20 188.20 188.20

Horizontal tunnel

(m3fs)

Section shape

Horse-shoe shape

Horse-shoe shape

Horse-shoe shape

Tunnel diameter

i 7.10 7.70 8.50
section (m)
Flow velocity for
power generation 4.42 3.76 3.09
(m/s)
Diameter Comparison Schemes for Tailrace Tunnel
Table 5.7-2
Scheme Scheme 1 Scheme 2 Scheme 3
Quotative discharge 188.20 188.20 188.20
(m?/s)
Section shape Horse-shoe shape |Horse-shoe shape | Horse-shoe shape
Tailrace adit Tunne'(r(:]i)ameter 7.20 7.70 8.30
Flow velocity for
power generation 4.30 3.76 3.24
(m/s)
Quotative discharge 564.60 564.60 564.60
(m*/s)

Tailrace tunnel

Section shape

Horse-shoe shape

Horse-shoe shape

Horse-shoe shape

Tunnel diameter

12.10 12.80 13.70
(m)
Flow velocity for
power generation 4.42 3.76 3.09

(m/s)

(Note: the data in the table are the results of the scheme comparison phase.)
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Program comparable scale diversion tunnel project

Table 5.7-3

Description Unit Scheme 1 Scheme 2 Scheme 3
Stonework hole digging m? 128719 148000 175801
Spray plain concrete m? 1300 1394 1520
Hanging shotcrete m? 2557 2742 2989
Sprayed steel fiber reinforced concrete m? 490 525 573
Bolt unit 16263 16941 18857
Steel fiber t 24 26 28
Concrete m® 32401 34974 38409
Reinforced t 1909 2059 2258
Steel t 977 1060 1166
Consolidation Grouting m 30323 33079 35836
Backfill grouting m? 14858 15932 17364
Curtain grouting m 1742 1901 2059
Waterstops m 3738 4003 4368

Tailrace tunnel scheme comparable scale projects
Table 5.7-4

Description Unit Scheme 1 Scheme 2 Scheme 3
Stonework hole digging m? 2590052 2878158 3270315
Spray plain concrete m? 2880 3039 3240
Hanging shotcrete m? 43745 46109 49151
Sprayed steel fiber reinforced concrete m? 11844 12944 14428
Bolt unit 165619 173473 191241
Steel fiber t 581 635 708
Concrete m? 272021 286962 306067
Reinforced t 28372 29958 31997
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Steel t 3013 3013 3013
Consolidation Grouting m 65963 69936 75502
Backfill grouting m? 192754 203081 216312
Waterstops m 47077 49683 53028

5.7.2 Energy Indicators of Each Scheme
(1) Head Loss of Each Scheme
The calculation of head loss under power generation condition of each scheme is
conducted based on the longest pipeline and adopts the following formula.
Ah=C1Q*+CoQv°
Where: Ah is head loss;
Q is the flow of main water conveyance pipe;
Qo is the flow of branch pipe;
C1, C2 are head loss coefficient of main pipe and branch pipe, which are computed
section by section according to the waterway layout.
The head loss calculation results of the headrace tunnel and tailrace tunnel are shown
respectively in Table 5.7-3 and Table 5.7-4.

Comparison of Head Loss Results of Headrace Tunnel Schemes

Table 5.7-3 Unit: m
Description Unit Scheme 1 Scheme 2 Scheme 3

Headrace tunnel diameter m 7.10 7.70 8.50

Headrace tunnel net area m? 39.59 46.57 56.75

Headrace tur_mel flow m/s 475 404 332
velocity

Headrace tunnel head loss m 1.53 1.12 0.79

Head loss of tallrace tunnel m 8.37 8.37 8.37
and adit

Total head loss of water m 9.90 9.49 9.16

conveyance system

(Note: the data in the table are the results of the scheme comparison phase.)
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Comparison of Head Loss Results of Tailrace Tunnel Schemes

Table 5.7-4 Unit: m
Description Unit Scheme 1 Scheme 2 Scheme 3

Tailrace tunnel diameter m 12.10 12.80 13.70
Tailrace tunnel net area m? 124.76 139.62 159.94

Tailrace tunnel flow velocity m/s 4.53 4.04 3.53

Headrace tunnel head loss m 1.12 1.12 1.12

Head loss of tall_race tunnel m 10.75 8.37 6.28

and adit
Total head loss of water m 11.87 9.49 740

conveyance system

(Note: the data in the table are the results of the scheme comparison phase.)

(2) Calculation of energy

Calculation of the energy indicators was conducted separately for the proposed headrace
tunnel and tailrace tunnel schemes and the annual energy output of each scheme is shown in
Table 5.7-5.

Annual Energy Output Results of Schemes of Headrace Tunnel and Tailrace Tunnel

Table 5.7-5 Unit: 10000 kWh
Tunnel diameter scheme Annual energy output
Annual energy output Balance

Scheme 1 (7.1m) 435731 -1610
Headrace tunnel Scheme 2 (7.7m) 437341 0

Scheme 3 (8.5m) 438019 678

Scheme 1 (12.1m) 427382 -9959
Tailrace tunnel Scheme 2 (12.8m) 437341 0

Scheme 3 (13.7m) 443193 5852

(Note: the data in the table are the results of the scheme comparison phase.)
5.7.3 Economic Comparison

Selection of a reasonable diameter for water conveyance tunnel is conducive to bringing
into full play the Project capacity and power benefit, meanwhile effectively controlling
Project investment to enable the Project to obtain better economic benefit. Economic
comparison of the schemes adopts total cost present value method of the power system. In this
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method, various headrace tunnel schemes and tailrace tunnel schemes meet the power demand

of electric system to the same extent, the benefit difference is supplemented by the form of

electricity purchase. Meanwhile, taking into account the investment and annual operation cost

of various schemes, the corresponding present value of the total cost of the power system is

calculated.

(1) Project investment

Difference in water conveyance tunnel diameter will mainly cause the changes in

excavation of tunnel, steel pipe size, and consumption of steel products and concrete, and

only the investment changes resulting from the aforesaid factors are considered for

comparable investment of the Project. The comparable investment for water conveyance

system schemes is shown in Table 5.7-6.

Comparable Investment of Headrace Tunnel and Tailrace Tunnel Schemes

Table 5.7-6 Unit: 10000 yuan
Comparison of tunnel diameter scheme Comparable Investment
Investment Balance
Scheme 1 (7.1m) 26608 -2345
Headrace tunnel Scheme 2 (7.7m) 28953 0
Scheme 3 (8.5m) 32206 3253
Scheme 1 (12.1m) 291853 -21902
Tailrace tunnel Scheme 2 (12.8m) 313755 0
Scheme 3 (13.7m) 343747 29992

(Note: the data in the table are the results of the scheme comparison phase.)

(2) Present Value of Total Costs

The calculation period of the present value of total costs is 30 years, and the social

discount rate is 8%. According to the available information, the proposed purchase price has
the following three options: 0.3 yuan/kWh, 0.4 yuan/kWh and 0.5 yuan/kWh. The calculated

present values of total costs of tunnel diameter schemes are shown in Table 5.7-7.
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Present VValues of Total Costs of Headrace Tunnel and Tailrace Tunnel Schemes

Table 5.7-7 Unit: 10000 yuan
. . Comparable Present value of total costs
. Tunnel diameter comparison .
Tariff scheme project Present value of Bal
investment total costs alance
Scheme 1
(7.1m) 26608 37339 1838
Headrace Scheme 2
tunnel (7.7m) 28353 35501 0
Scheme 3 32206 37131 1630
(8.5m)
0.3yuan/kWh Scheme 1
(12.1m) 291853 380523 487
Tailrace Scheme 2
wunnel (12.8m) 313755 380035 0
Scheme 3
(13.7m) 343747 396313 16278
Scheme 1
(7.1m) 26608 39724 3517
Headrace Scheme 2
tunnel 7.7m) 28953 36208 0
Scheme 3 32206 37131 924
(8.5m)
0.4yuan/kWh Scheme 1
(12.1m) 291853 397004 10869
Tailrace Scheme 2
wunnel (12.8m) 313755 386135 0
Scheme 3
(13.7m) 343747 396313 10178
Scheme 1
(7.1m) 26608 42109 5195
Headrace Scheme 2
tunnel 7.7m) DEE 36914 0
Scheme 3 32206 37131 217
. (8.5m)
0.5 Ju/kWh Scheme 1
(12.1m) 291853 413485 21250
Tailrace Scheme 2
wunnel (12.8m) 313755 392235 0
Scheme 3
(13.7m) 343747 396313 4078

(Note: the data in the table are the results of the scheme comparison phase.)

As shown by the above three tariff options, from the point view of present value of total
costs, there is no big difference among the comparable investment and present value of total
costs of the three schemes of the headrace tunnel, the 7.7m scheme is more economical, the
12.8m diameter scheme of the tailrace tunnel has minimum present value of total costs.

5.7.4 Selection of Tunnel Diameter
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With the increase of tunnel diameter, the head loss for power generation decreases,
energy loss reduces, but dependable output and energy output increase. Analysis from the
aspect of energy indicators and Project operation shows larger economical tunnel diameter is
more favorable. However, with the increase of tunnel diameter, there will be increase in the
headrace tunnel excavation and construction difficulty, the engineering quantities of civil
works, and Project investment, therefore, from the point view of the Project construction and
investment, smaller economical tunnel diameter is more favorable.

In the headrace tunnel and tailrace tunnel of Karuma HPP, the surrounding rocks are
mostly of Classes Il and Ill, thus, there is no great problem in tunnel stability. So, there is no
big difference in terms of the structural layout and construction technology of the water
conveyance and power generation system, and all the schemes are feasible. However,
according to the comparison results of economic indicators, Scheme 2 of tailrace tunnel
diameter (tailrace tunnel diameter of 12.80m, tailrace adit diameter of 7.70m) is preferable for
tailrace tunnel diameter, and Scheme 2 of headrace tunnel diameter (tunnel diameter of
7.70m) is also considered as the optimal solution.

Therefore, with due consideration of the geological conditions, structural arrangement,
construction technology, Kinetic energy economic factors of the water conveyance and
power generation system, the recommended tailrace tunnel diameter is 12.80m, the finalized
diameters are 7.70m for tailrace tunnel, and 7.70m for the tailrace adit and the headrace
tunnel (including vertical shaft).

5.8 Reservoir Operation Mode

Normal pool level of Karuma HPP is 1030.00m, drawdown depth is 2.00m, dead water
level is 1028.00m, regulation storage capacity is 45.53 million m?, and the reservoir has a
daily regulation capability.

Karuma HPP is developed mainly for power generation. As the storage capacity of the
Karuma reservoir is small, no flood control storage capacity is set, and it cannot undertake the
downstream flood control task. There are little inflowing sediment, so sediment discharging is
not considered at this stage. According to the actual situation of the Project, the proposed
reservoir operation mode is described as below:

(1) Under normal circumstances, the reservoir conducts daily regulation operation to
meet the demand of power generation, and the reservoir operating level can be adjusted
between the normal pool level and dead water level; the dam releases water as per the

requirement of ecological flow, and the remaining water will be released by power generation;
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when the water inflowing to the reservoir is bigger than the sum of power generation flow and
ecological flow, reservoir level maintains at normal pool level, except the water required for
power generation is released by power generation, other water is released via the dam.

(2) In case of flood, the reservoir level is controlled at the normal pool level of 1030m,
except the water required for power generation released by power generation, other water will
be released via the dam, no matter how much the inflowing water is, all will be released.
When the inflowing flood exceeds the normal pool level or exceed the releasing capability of
the flood releasing facilities, the gates will be fully open to release flood. When the flood
level reaches or exceeds the powerhouse design flood level, consideration can be given to
operation of half of the generating units, when the flood level reaches or exceeds the
powerhouse check flood level, the operation of units will not be considered.

5.9 Check of Energy Index

According to the EIPL Report, the monthly average runoff data are selected from a
relatively reliable source, i.e. the 59 years of hydrological series data between 1940 and 2000
(excluding 1996). In the EIPL Report, 50% guarantee year (1975) is selected for hydroenergy
calculation of the Project. In the check calculation, the full series of data are used. Two groups
of data are listed in Table 5.9-1.

Runoff Series Adopted
Table 5.9-1 Unit: m%s

Month 1 2 3 4 5 6 7 8 9 10 11 12 JAverage

Mean monthly flow | 955|931 921|938 |974 | 1010|1027 | 1051 | 1056 | 1036 | 1035 | 1003 | 995

Flow of typical year

of 1975 978 (953 (901|932 849 | 816 | 863 | 962 | 1091|1432 (1392|1238 | 1034

Other data used in the check calculation are consistent with those in the EIPL Report.
The salient features of the Project are presented in Table 5.9-2.

1-185



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

Salient Features of Karuma HPP

Table 5.9-2
Description Numerical value
Highest reservoir level 1030m
Minimum operating level 1028m
Average operating level 1029.66m
Tailwater level 960m
Gross head 70m
Head loss of water conveyance system 9.5m
Rated head 60m
Comprehensive efficiency of turbine-generator 90.62%

Based on calculation, the checked average annual power energy is 4.351 billion kWh,
basically the same as that in the EIPL Report (4.373 billion kwWh). Therefore, the results of the

EIPL Report are recommended at this stage.
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6 Project Layout and Structures
6.1 Design Basis and Basic Data
6.1.1 Project Scale and Design Safety Standard
6.1.1.1 Project scale and grade of structures

Karuma HPP with a total installed capacity of 600MW is developed mainly for power
generation. The main structures comprise the dam, water conveyance structure, powerhouse
and switchyard. The normal pool level of the Project is 1030.00m and the storage capacity
below normal pool level is 79.87 million m®. The dam with max. height of 14.00m is located
about 2.5km upstream from Karuma Bridge. In accordance with Chinese standards,
Classification & Design Standard of Hydropower Projects (DI5180-2003) and Standard for
Flood Control (GB50201-94), the Project falls within large-size (2) project and the main
structures (the dam and water conveyance and power generation structures) are designed as
Grade 2 ones and the secondary structures are designed as Grade 3 ones.
6.1.1.2 Flood standard and characteristic water level

Karuma HPP belongs to hydropower projects in plain, permanent water retaining and
water releasing structures are Grade 2 structures, and the dam is concrete dam. In accordance
with Standard for Flood Control(GB50201-94) of the People’s Republic of China, the
recurrence interval of design flood for permanent water retaining and water releasing of this
project is 100 years and the recurrence interval of check flood is 1000 years. For the main
permanent structures of the water conveyance system, underground powerhouse, switchyard
and the access tunnel, the design standards for flood control are 200-year flood as design
flood and 500-year flood as check flood.

In response to the requirements of the Tendering Documents of the Project, the
recurrence interval of the design flood of permanent water retaining and releasing structures
and powerhouse is 10000 years and the flood standard and corresponding discharge adopted

for the main structures are shown in Table 6.1.1-1.

Table 6.1.1-1
Water retaining and releasing Downstream energy
Structure : Lo
L structure, fish passage structure, dissipation and
Description . . o
powerhouse anti-scouring facilities
Recurrence

Design flood interval (a) 10000 10000

Discharge (m*/s) 4657 4657

In response to the requirements of the Tendering Documents of the Project, the actual
adopted design flood flow is 4700m?/s.

6.1.1.3 Seismic parameters
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The dam site area is located in Kiryandongo Region in northwestern Uganda. In
accordance with the preliminary report on seismic safety evaluation provided by Geological
Survey Department under the Ministry of Energy of Uganda, the bedrock horizontal seismic
peak ground acceleration at 10% exceedance probability in 50 years in the Project area is
0.14g, the bedrock horizontal seismic peak ground acceleration at 5% of exceedance
probability in 50 years is 0.18g, the bedrock horizontal seismic peak ground acceleration at
2% exceedance probability in 100 years is 0.29g, and the bedrock horizontal seismic peak
ground acceleration at 1% exceedance probability in 100 years is 0.35g.

In accordance with the provisions of the Chinese standard, Specifications for Seismic
Design of Hydraulic Structures (DL5073-2000), for projects undergoing a seismic hazard
analysis, the probability level of the representative value of design earthquake acceleration for
water retaining structure shall be taken as exceedance probability within a reference period
100 years (P100) of 0.02, the bedrock horizontal seismic peak ground acceleration is 0.29g. In
response to the requirements of the Tendering Documents of the Project, the provisions of US
Army Corps of Engineers: Earthquake Design And Evaluation of Concrete Hydraulic
Structures (EM-1110-2-6053) is followed, thus, the operating basis earthquake acceleration of
the Project area is 0.14g (OBE), and maximum design earthquake acceleration is 0.299
(MDE).

6.1.2 Design Basis
6.1.2.1 Design basis

(1) Feasibility Study Report of Karuma HPP (Decmber 2010) prepared by Indian
Energy Infratech Corporation;

(2) Tendering Documents of Karuma HPP (September 2011) issued by Ministry of
Energy & Minerals Development, Uganda; and

(3) Contract of Karuma Hydropower Project & Its Associated Transmission Line
Works (August 2013) signed between Ministry of Energy & Minerals Development, Uganda
and Sinohydro Corporation Limited
6.1.2.2 Main standards ands specifications

(1) Code for Preparation of Hydroelectric Project Feasibility Study Report
(DL/T5020-2007);

(2) Classification & Design Safety Standard of Hydropower Projects (DL5180-2003);

(3) Standard for Flood Control (GB50201-94);

(4) Specifications for Seismic Design of Hydraulic Structures(DL5073-2000);
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(5) Design Specification for Concrete Gravity Dams (DL 5108-1999);

(6) Design Specification for River-bank Spillway (DL5166-2002);

(7) Design Specification for Intake of Hydraulic and Hydroelectric Engineering
(SL285-2003);

(8) Design Specification for Hydraulic Concrete Structures (DL/T5057—-2009);

(9) Specifications for Design of Surge Chamber of Hydropower Stations (DL/T
5058-1996);

(10) Design Code for Power House (SL266-2001);

(11) Specification for Design of Steel Penstock of Hydroelectric Stations (DL/T
5141-2001);

(12) Gravity Dam Design (EM 1110-2-2200);

(13) Tunnels and Shafts in Rock (EM 1110-2-2901);

(14) Civil Engineering Guidelines for Planning and Designing Hydroelectric
Developments (ASCE);

(15) Guidelines for Design of Intakes for Hydroelectric Plants (ASCE);

(16) Steel Penstocks (ASCE, Manuals and Reports on Engineering Practice NO. 79);

(17) US ARMY CORPS OF ENGINEERS: Hydraulic Design Criteria;

(18) US ARMY CORPS OF ENGINEERS: Hydraulic Esign of Spillways ,
EM-1110-2-1603;

(19) US ARMY CORPS OF ENGINEERS: Earthquake Designang Evaluation of
Concrete Hydraulic Structures, EM-1110-2-6053.
6.2 Dam Site

The dam site of Karuma HPP is located at Victoria Nile River section between Lake
Kyoga and Karuma Waterfall (namely, latitude 2°15’ north and longitude 32°15’ east) and is
about 2.5km from downstream Karuma Bridge. The tailrace outfall is located in the National
Park and is about 9km from upstream Karuma Bridge. The dam site of Karuma HPP shall be
selected to prevent the Lake Kyoga outfall from being affected by reservoir backwater and in
order to control the reservoir-inundated range, the maximum water level of the reservoir is
determined at EI. 1030.00m.

Victoria Nile River originates from Lake Victoria. The lake is the biggest lake in Africa
and one of the global biggest lakes and has total surface area about 68457 km?. Lake Victoria
outflows from the north westwards and passes Owen Fall Hydropower Plant and Lake Kyoga,
outflows from the west, passes through Karuma Bridge, Murchison Fall National Park,
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Karuma Waterfall and Lake Albert, and flows into Sudan. In accordance with cascade

development principle of Nile River basin, upstream of Karuma HPP there are cascade
hydropower plants such as Owen Fall Hydropower Plant (in operation), Bujagali Hydropower
Plant (in operation), and Ayoga Hydropower Plant (under feasibility study design). For the
operation of Owen Fall Hydropower Plant, the Agreed Curve was formulated for drainage of
Lake Victoria in accordance with agreements signed with coastal countries. The formulation
of the agreed curve is to keep the natural stage/discharge curve consistent with that before
dam construction. The map of Nile River basin upstream of the dam site of Karuma HPP is

shown in Fig. 6.2-1.

Fig. 6.2-1 Map of Nile River basin upstream of the dam site of Karuma HPP
In accordance with the planning of cascade hydropower plants in Nile River basin, the
dam site is selected at river the section between Lake Kyoga outfall and Karuma Waterfall to
prevent the Lake Kyoga outfall from being affected by reservoir water level and to utilize the
natural storage of Lake Kyoga. Meanwhile, full considerations shall be given to prevent the
main traffic trunk in Uganda (Masindi-Gulu Highway and Karuma Bridge from being
affected by the construction and operation of the hydropower plant. The dam access road is

connected with Masindi-Gulu Highway and it is accessible to Uganda capital Kampala and
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Kenya Mombasa Port. It may facilitate transport of the Project materials and meets the traffic
requirements of the Project. At about 2.5km upstream of Karuma Bridge, there is a
“U”-shaped valley. The landform at both banks is gentle, the ground elevation at right bank
and left bank is about 1035m and 1055m respectively, and the elevation of main riverbed is
about 1023m. The lithology at the dam site is Precambrian metamorphic granitic gneiss,
hornblende gneiss and amphibolite, resulting in the topographic and geological conditions for
the construction of a low dam. Therefore, it is suggested to select the site approximately
2.5km upstream of Karuma Bridge as the dam site of the Project.
6.3 Selection of Dam Type, Dam Axis and Project Layout
6.3.1 Selection of Dam Axis

In bidding design stage, the dam axis provided in the Tendering Documents of the
Project Owner was adopted. According to such factors as the topographic and geological
conditions in the dam site area and the limit to maximum reservoir level, and in consideration
of the layout needs of the Project and construction diversion structures, the adjustable scope
upstream and downstream of the dam axis is limited. At bidding design stage, the dam axis is
located at plunge sill and a waterfall exits downstream of the dam axis. Under the same
reservoir water level, the shift of dam axis downstream will certainly increase the dam height,
which will result in increase of engineering quantities and investment. Hence, the dam axis
shall not be adjusted downstream. In order to minimize the impact on dam foundation by the
plunge sill, as per the results of site survey and analysis, at this feasibility study stage, the
scheme of upstream adjustment of dam axis is adopted. Since the distance of upstream
adjustment of dam axis is affected by the gully at upstream side of left bank intake and curved
topography at the right bank, through preliminary layout and analysis, the upstream,
adjustment of 30m of the dam axis is taken for dam axis comparison. With comprehensive
consideration of the above factors, two dam axes are selected for comparison. The upper dam
axis is located at 30m upstream of the dam axis of bidding design stage, and the lower dam
axis is at the dam axis of bidding design stage. The two axes are apart 30m. Since the power
intake and powerhouse are slightly affected by change of the above mentioned two dam axes,

in the comparison of dam axes, merely the comparable portion of the dam is considered.
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Fig. 6.3.2-2 Location of upper dam axis
6.3.1.1 Design of each dam axis scheme
(1) Design of upper dam axis scheme
The dam mainly consists of gravity water retaining dams at both banks, flood sluices,
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sediment sluice and fish ladder and has a total length of 314.44m. From left to right, they are
left-bank water retaining dam sections, sediment sluices, flood sluices, water retaining dam
sections, ecological flow discharging dam section, fish ladder dam section, and right-bank
water retaining dam sections.

The water retaining dam section is of gravity type, its crest elevation is 1032.0m, and
crest width is 6.0m.The triangular section is used, the slope ratio of the downstream face is
1:0.7, and the maximum dam height is 14.0m.

The flood sluices are arranged at main riverbed, with a total length of 131.0m and
maximum height of 13.0m, and divided into 10 dam sections and 10 gate openings are set.
The practical weir type is adopted and the crest elevation 1022.0m.

The trash sluice is arranged at the left side of flood sluice and the practical weir type is
used, and the weir has crest elevation of 1026.0m and width of 12m, and is provided with one
opening.

The sediment sluices are arranged at the left side of trash sluice, which has width of
11.0m, and are provided with 2 sediment discharging openings.

The ecological flow discharging dam section and fishway are arranged at the right-bank
open diversion channel. The ecological flow discharging dam section has a total length of
20.0m and maximum height of 13.0m, and is provided with 2 ecological flow release
openings. The practical weir type is adopted and the weir has crest elevation of 1026.0m.

The fish ladder is arragned at the right side of ecological flow discharging dam section,
the dam section has width of 20.0m, fishway has a total length of 320.0m, width of 5.0m, and
slope 1=5.5%. The outlet and inlet elevations of fishway are 1027.0m and 1011.0m
respectively.

The layout of upper dam axis of the Project is shown in Fig. H154F-5D4-1-1~7.

(2) Design of lower dam axis scheme

The layout of main structures of lower dam axis scheme is basically the same as that of
the upper dam axis scheme, and it mainly consists of gravity water retaining dams at both
banks, flood sluices, sediment sluices, and fish ladder, with a total length of 299.44m. The
difference is that the length of the water retaining dam section at the right bank is decreased
by 15m, and the dam foundation is subjected to anti-seepage treatment with one 16m-long
reinforcing curtain grouting.

The layout of upper dam axis of the Project is shown in Fig. H154F-5D4-2-1~7.
6.3.1.2 Comparison of dam axes
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(1) Comparison of topographic and geological conditions

1) Topography and geomorphy

The distance between two dam axis schemes is 30m, the valley of the river section is
wide, at water level of 1025m, the valley width is about 223m~240m, and at dam crest
elevation of 1032m, the valley width is 264m~270m. The riverbed is topographically rolling
and the elevation is generally 1021m~1023m. In two schemes, the natural side slope at left
bank is 20°~30°, the portion above EI. 1500m is the terraces with gentle slopes of 3°~8°, and
steep sill is formed at slope top edge. At the right bank, the portion below EIl. 1035m is a
natural side slope of 18°~23° and that above EI.1035m is terrace of gentle slope. The
topographic conditions of the two schemes are similar.

In the upper dam axis scheme, in general, the dam axis passes through upstream side of
bedrock isolated island, and is about 30m~50m from the plunge sill. In the lower dam axis
scheme, in general, the dam axis passes through left bedrock isolated island and is adjacent to
the plunge sill. The plunge sill at the dam site is possibly formed by local clustering of
gneissosity and large block stone with thickness over several meters shall be stacked
downstream of the plunge sill.

From topographic and geomorphic conditions, the upper dam axis scheme is slightly
superior.

2) Stratum and lithology

The alluvium of riverbed is gravel sandwiched with erratic boulder and locally
sandwiched with sand and clay and is generally 1~1.5m thick. The residual soil is generally
3m~7m thick at the left bank and 1~1.5m thick at right bank and is low plasticity to
non-plasticity. The lower limit depth of completely weathering is generally 15m~25m at left
bank and 2.5m~3.0m at right bank. The underlying bedrock is granite gneiss, hornblende
gneiss, and amphibolite, and the rock stratum is overall steep and strongly weathered.

In the upper dam axis scheme, there is a tumble bay at the right bank of the dam axis and
the overburden is slightly thicker than that of the lower dam axis scheme.

The two schemes are similar in stratum lithology.

3) Geological structure

No fault was found in geological surveying and mapping. The gneissosity is overall steep
and intercrosses with the dam axis at big angle. No disadvantageous structural plane inclining
downstream was found. The plunge sill of dam site is possibly formed by local clustering of

gneissosity. In the upper dam axis scheme, the dam axis is far from the plunge sill. Thus, in
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geological structure, the upper dam axis scheme is superior.
4) Hydrological and geological conditions
The permeability of weakly-slightly weathered rock is very low and it belongs to
slightly-very slightly permeable stratum. The permeability coefficient of Quaternary residual
soil and completely weathered rock (soil) stratum is 3.1x10°~2.0x10cm/s, and it is slightly
permeable - medium permeable. The burial depth of relative water-resisting layer (g<3Lu) at
left bank is 17~27m, that at right bank is 3.5~4.5m, and that in riverbed is 1~2m, seepage
around the dam would occur. Two schemes have similar hydrological and geological
conditions.
5) Rock weathering
At the left bank of dam site area, the lower limit depth of completely weathering is
generally 15~25m, the lower limit depth of strongly weathering is 17~27m, the lower limit
depth of upper section of weakly weathering is 19~29m, the lower limit depth of lower
section of weakly weathering is 25~36m, and the below is the slightly new rock. At the right
bank, the lower limit depth of completely weathering is 2.5~3m, the lower limit depth of
strongly weathering is 3.5~4.5m, the lower limit depth of upper section of weakly weathering
is 6~7m, the lower limit depth of lower section of weakly weathering is 15~18m, and the
below is the slightly new rock. The riverbed overburden depth is 0.5~2m, the underlying
bedrock is the weakly weathered low section rock, the lower limit depth is 3~7m, and the
below is the slightly new rock. In the two schemes, the rock weathering conditions are similar.
6) Adverse geological condition
Near the dam site, no large-scale landslide was found. Merely at the intake of side slope
near the left bank, small-scale sliding mass was found at several places. Both the upper and
the lower dam axis schemes cannot keep away from the sliding mass at these places. The
conditions of the two schemes are basically same.
7) Reservoir
Two dam axes are merely apart 30m, and the adjustment of dam axis slightly affects the
reservoir. In the two dam axis schemes, the reservoir conditions are almost not different.
8) Intake of headrace tunnel
In the two dam axis schemes, the residual soil and completely weathered stratum at
intake of headrace tunnel is rather thick, the rock of side slope has poor properties, and the
construction foundation surface at intake has good bedrock conditions. The conditions of the

two schemes are same.
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9) Main engineering geological problems

The riverbed overburden has thickness of about 0.5~2m, the construction foundation
surface utilizes the weakly-slightly weathered rocks, the geological conditions are rather good,
and local uneven settlement is likely to occur. At the left bank, the burial depth of relative
water-resisting layer (q<3Lu) is 17~27m, and the seepage around the dam is serious. In the
two schemes, the main engineering geological problems are similar.

From the above description, it is clear that the two dam axes have the topographic and
geological conditions for construction of dam. Two dam axes are merely apart 30m. In the
two dam axes, the stratum lithology, hydrological and geological conditions, physical and
geological phenomena, reservoir, intake, and diversion and cutoff conditions are basically
same. In the upper dam axis scheme, the dam axis is far from the plunge sill, and the
geological risk is somewhat decreased. The topographic and geomorphic conditions, and
geological structure of the upper dam axis are superior to those of the lower dam axis, and
thus the engineering geological conditions of the upper dam axis scheme are slightly superior

to those of the lower dam axis scheme.
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List of primary comparison of engineering geological conditions of dam axes

Table 6.3.1-1

an axis Upper dam axis scheme Lower dam axis scheme Oplnlop of

Item comparison
L . The plunge sill of
The valley is wide. At river water level 1025m, the valley dari Eitz ?s lesib(l)
width is about 240m, and at dam crest EI. 1032m, the valley L . P y
width is 270m. The riverbed is topographically rolling. The The valley is wide. At river water level 1025m, the valley [formed by local
elevation is generally 1021~1023m, and the dam axis width is about 223m, and at dam crest elevation 1032m, the |clustering of
overall passes through the upstream side of bedrock isolated | valley width is 264m. The riverbed is topographically rolling. | gneissosity, and
Topography |island, and is about 30~50m from plunge sill. The riverbed elevation is generally 1021~1023m. The dam axis |downstream of the

and geomorphy

The left bank has natural side slope of 20~30°. The
portion above El. 1500m is the terraces with gentle slopes
of 3~8°, and the steep sill is formed at slope top edge.

At the right bank, the portion below EI. 1035m has
natural side slope of 18~23° and the portion above El.
1035m is the gentle terrace.

overall passes through the bedrock isolated island of left side,
and the dam axis is adjacent to plunge sill.

The topographic conditions of the left and right banks are
similar to those of the current scheme.

plunge sill is stacked
by large block stone
of thickness over
several meters.

The upper dam axis
scheme is superior.

Stratum
lithology

The riverbed alluvium is gravel sandwiched with erratic
boulder and locally sandwiched with sand and clay. The
thickness is generally 1~1.5m. The residual soil is generally
3~7m thick at left bank and 1~1.5m at right bank and is low
plasticity to non plasticity. The lower limit depth of
completely weathering is generally 15~25m at left bank and
2.5~3m at right bank.

The underlying bedrock is granite gneiss, hornblende
gneiss, and amphibolite, and the rock stratum is overall
steep, and strongly weathered.

In the current scheme, the right bank of dam axis is
tumble bay, and the overburden is thicker than the previous
scheme..

The stratum distribution is generally similar.

Almost
difference

no

Geological
structure

In geological surveying and mapping, no fault was
found. The gneissosity is overall steep, and intercrosses
with the dam axis at big angle. No disadvantageous
structural plane inclining downstream was found.

In geological surveying and mapping, no fault was found.
The gneissosity is overall steep, and intercrosses with the dam
axis at big angle. No disadvantageous structural plane inclining
downstream was found. The plunge sill of dam site is possibly

The upper dam axis
scheme is superior
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formed by local clustering of gneissosity.

Hydrological
and geological
conditions

The permeability of weakly-slightly weathered rocks is
low and it belongs to slightly-very slightly permeable
stratum. The permeability coefficient of Quaternary residual
soil and completely weathered rock (soil) stratum is
3.1x10°~2.0x10"cm/s and it belongs to slightly
permeable-medium permeable. The burial depth of relative
water-resisting layer (g<3Lu) at the left and right banks as
well as at the riverbed is 17~27m, 3.5~4.5m, and 1~2m
respectively. The seepage around the dam would occur.

Similar hydrological and geological conditions

Almost
difference

no
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List of primary comparison of engineering geological conditions of dam axes

Table 6.3.1-1 (continued)

am axis
Item

Upper dam axis scheme

Lower dam axis scheme

Opinion of
comparison

Weathering of
rock

At left bank of dam site area, the lower limit depth of
completely weathering is generally 15~25m, the lower limit
depth of strongly weathering is 17~27m, the lower limit
depth of upper section of weakly weathering is 19~29, the
lower limit depth of lower section of weakly weathering is
25~36m, and below it is the slightly new rock. At right
bank, the lower limit depth of completely weathering is
2.5~3m, the lower limit depth of strongly weathering is
3.5~4.5m, the lower limit depth of upper section of weakly
weathering is 6~7m, the lower limit depth of lower section
of weakly weathering is 15~18m, and below it is the
slightly new rock, the riverbed overburden depth is 0.5~2m,
the underlying bedrock is weakly weathered low section
rock, the lower limit depth is 3~7m, and below it is the
slightly new rock.

Similar rock weathering

Almost
difference

no

Adverse
geological
condition

Near the dam site, no large scale landslide was found.
Merely at the intake of side slope near the left bank, small
scale sliding mass was found at several places, which forms
gentle terrace. The sliding mass has small scale and will not
restrict the Project.

The left bank is residual soil overburden and the natural side
slope is integrally stable.

the upper dam axis

scheme is superior

Assessment of
main
engineering
geological
problems

The riverbed overburden has thickness about 0.5~2m, the
construction foundation surface utilizes weakly-slightly
weathered rock, the geological conditions are rather good
and local uneven settlement is likely to occur.

At the left bank, the burial depth of relative water-resisting
layer (q<3Lu) is 17~27m and the seepage around the dam is
serious.

Similar main engineering geological problems

Almost
difference

no
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. The storage capacity is low and bank failure would occur in| .. . . . Almost no
Reservoir Similar reservoir conditions .
small range. difference
Intake of At intake, the residual soil and completely weathered Same for intake Almost no
headrace tunnel | stratum is rather thick and the bedrock has poor properties. difference

The two dam axes have the topographic and geological conditions for construction of dam. The two dam axes are basically same in stratum
Opinion of  [lithology, hydrological and geological conditions, weathering of rock, and conditions of reservoir and intake of headrace tunnel. In the upper dam
comprehehsive [axis scheme, the dam axis is far from the plunge sill, and the geological risk is low. In consideration of topographic and geomorphic conditions,
comparison |geological structure, and adverse geological conditions, the upper dam axis is superior to the lower dam axis. Thus, the overall engineering
geological condition of the upper dam axis scheme is slightly superior to that of the lower dam axis scheme.
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(2) Comparison of Project layout

In the upper and the lower dam axes, the Project layouts are basically same and they
consist of gravity water retaining dams at both bank, flood sluices, sediment sluices and fish
ladder. The upper and lower dam axes have total crest length of 314.44m and 299.44m
respectively.

In riverbed of the dam site, there are reefs and there is a waterfall downstream. For the
plunge pool, the section from reefs to the waterfall shall be excavated. The earth-rock
excavation for the upper and the lower dam axes is 133200 m* and 123200m? respectively.
The excavation in upper dam axis is relatively high. At the dam site, there is a plunge sill, so
foundation treatment is required. The upper and lower dam axes shall be backfilled with C10
concrete of 1580m°® and 4809m? respectively, and the curtain grouting borehole is respectively
1151m and 1663m. The foundation treatment engineering quantities of the lower dam axis is
high.

The Project layout of two dam axes is not greatly different and their dam-construction
conditions are similar. The impact of plunge sill on the lower dam axis is slightly serious and
the foundation treatment quantity is slightly high. From hydraulic conditions, the two dam
sites are not obviously different. The project investment of upper dam axis is relatively low.
From the Project layout, the upper dam axis is superior.

(3) Comparison of construction plan

Since the Project layout of the upper and the lower dam axes is basically same and
consists of gravity water retaining dam at both banks, flood sluices, sediment sluices and fish
ladder. The two dam axes are close each other and the engineering quantities are not highly
different, the construction conditions are same, the layout conditions for construction
diversion and cofferdam and the total construction period are same, their construction plan is
not essentially different. The construction does not restrict selection of dam axis.

(4) Comparison of engineering quantities

Bills of quantities of main civil works of the Project based on the upper and lower dam
axes schemes are shown in Table 6.3.1-1. The estimation based on bidding unit price indicates

that the investment of upper dam axis scheme is superior.
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Bill of quantities of civil works of the Project

based on upper and lower dam axes schemes

Table 6.3.1-1
Description Unit qu;:?ggf: ;girs nggpggs]s ;girs Variable value Remarks
Earth excavation m® 10642 8098 2544
Rock excavation m? 122578 115077 7501
Slag backfill m? 13326 13326 0
C25 concrete m® 20777 20623 154
C30 concrete m* 15271 15265 6
C30 concrete m* 684 684 0 pref?i{)iﬁg:tion
C40 concrete m? 3992 3992 0
C15 concrete m? 18740 18157 583
C10 concrete m? 1580 4809 13229
backfill

Bill of quantities of civil works of the Project based on upper and lower dam axes

Table 6.3.1-1 (continued)

schemes

Description Unit Quantities Of. Quantities Of Variable value Remark
upper dam axis | lower dam axis
Rebar t 1552 1549 3
PVC waterstop m 2092 2084 8
Copper waterstop m 858 850 8
D32 bolt Piece 828 828 0
Consolidation m 2495 2459 36
grouting
Curtain grouting m 1151 1663 -512
Comparable 1,5, 23817260 24112109 294849
investment

In summary, the two dam axes have no decisive factors restricting the dam-construction,

as long as adequate technical measures are taken, it is feasible to build 20m-high concrete
dam on the bedrock. Since two dam axes are in close proximity, no essential difference exists

in topographic and geological conditions, Project layout and construction layout. Relatively,
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the impact of the plunge sill on the lower dam axis and also the foundation treatment volume
are slightly higher. The upper dam axis scheme is superior in geological conditions, Project
layout and investment, and thus the upper dam axis is recommended as the dam axis of the
Project.

6.3.2 Selection of Dam Type

Karuma HPP is a hydropower plant of low head and large discharge mainly for power
generation, and the design flood discharge is 4700m®/s. In selection of the dam type, the
highest priority shall be given to facilitating flood releasing and energy dissipation, ensuring
safe flood discharging and meanwhile to considering the layout conditions of water
conveyance and power generation structures and construction diversion so as to minimize the
excavation and disturbance to side slopes of both banks.

The dam site is located in a “U”-shaped valley, and the ground at both banks is flat. The
ground elevations at the right and left banks are about 1035m and 1055m respectively. The
mean elevation at dam site riverbed is about 1023m. At water surface El. 1025m or so, the
valley width is about 240m, and at dam crest EI. 1032m, the valley width is 270m. Several
bedrock isolated islands are distributed in the river, and near the right bank, there is a plunge
sill formed by flow scouring. The gradient of side slope at left and at right banks is about
15°~26° and 18°~23° respectively. The lithology at the dam site is Precambrian metamorphic
granitic gneiss, hornblende gneiss, and amphibolite.

As per the topographic and geological conditions, the earth-rock dam, concrete overflow
dam and concrete dam may be built in the dam site.

In accordance with requirements of Tendering Documents of Karuma HPP, the highest
reservoir water level can’t exceed 1030m. If earth-rock dam is adopted in main riverbed,
though the dam height is low, a large-scale spillway shall be built by the bank to meet the
requirements on flood releasing. At the dam site, the both banks are topographically flat,
building large-scale spillway requires considerable excavation, the Project is not economical,
the scale of water retaining structure does not match with that of the flood releasing structure,
hence, on basis of the topographic conditions there, it is not suitable to select the Project
layout of the earth-rock dam.

If concrete overflow dam scheme is adopted, the gravity flow overflow dam will be
arranged at the riverbed. The weir crest elevation shall be 1028m (dead water level of
hydropower Plant), and the requirements of flow releasing capacity is impossible to satisfy

merely by 4m head, thus the scheme is not accepted.
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Under the control of topographic conditions and the highest operating water level of
reservoir, for meeting the requirements for flood releasing, merely the concrete dam is much
suitable for the Project. Since concrete structure is used in riverbed, if the water retaining dam
at both banks is earth dam, different construction processes and plants will be required, which
will increase construction procedures and construction cost. In that case, the waterstop layout
and connection mode at the junction between the earth dam and the concrete dam is rather
complex. The upstream and downstream sidewise retaining walls will be relatively long, their
fronts shall be provided with wing walls and the engineering quantities are high. For the type
of dam sections connecting with both banks, for the convenience of construction and
simplizing construction technology and dam section connection, the concrete gravity dam
section is adopted to connect with both banks.

In consideration of above-mentioned factors, the concrete dam is recommended for
Karuma HPP in this stage.

6.3.3 Comparison of the Project Layouts

Karuma HPP area is topographically gentle and the water conveyance system is about
9km long. The exploration shows that the surrounding rocks along the water conveyance
route and in underground powerhouse have good geological conditions. The powerhouse may
be arranged in three modes (headrace, middle, and tailrace schemes).

In the headrace development scheme, the layouts of the powerhouse cavern and water
conveyance system are smooth, and the construction conditions and geological conditions are
good. At this stage, it is taken as the main comparison scheme.

The middle development mode requires the arrangement of both the headrace surge
chamber and tailrace surge chamber. Compared with headrace and tailrace development
modes, it has no superiority in length of underground powerhouse cavern and auxiliary cavern,
and length of outgoing line and construction adit. Thus, the powerhouse middle development
mode is not subjected to comparison.

In the tailrace development scheme, the water conveyance route is similar to that of the
headrace development scheme, the construction conditions and geological conditions meet
requirements. At this stage, the underground powerhouse tailrace development scheme is
selected as one of the comparison schemes.
6.3.3.1 Determination of water conveyance and power generation system

At this stage, the headrace and tailrace schemes are technically and economically

compared in details on basis of geological conditions revealed in the Project range and
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ascertained in analysis and the experience in the built projects.

(1) Headrace powerhouse scheme (Scheme I)

On basis of the engineering experience and topographic conditions in this Project area,
the headrace powerhouse scheme adopts underground powerhouse. The underground
powerhouse is located at headrace of water conveyance system and underground at the left
bank about 350m from Kyoga Nile River. The powerhouse longitudinal axis orientation is
N39°W. In the headrace powerhouse scheme, if the open channel is adopted for outflowing at
the tailrace, one 8.5km-long and 40m-wide section-variable open channel with maximum
height of about 55m shall be built, and the said open channel will pass through Uganda
National Park. Hence, the open channel scheme is very difficult to implement, whose
requirement for structure is very high, and it will generate huge impact on surface ecological
environment, so the tunnel outflowing is considered instead of open channel outflowing.

The water conveyance and power generation system mainly includes the intake, headrace
shaft, headrace tunnel, main and auxiliary room cavern, main transformer cavern, tailrace
surge chamber, tailrace tunnel, and tailrace channel.

The underground powerhouse caverns mainly include the main and auxiliary room

cavern, the main transformer cavern, bus tunnel, cable-vert shaft, main access tunnel (MAT) ,
escape ventilation tunnel (EVT) and drainage gallery system.

The MAT is the main construction and transport passage for powerhouse excavation
during construction period and the main traffic and ventilation passage during the operation
period. erection bayThe MAT is vertically into the erection bay from the downstream.The
EVT is the passage for powerhouse ventilation and personal safe escape, and during
construction period, it is the passage for powerhouse excavation. The EVT is vertcally into
the auxiliary room from the right wall.auxiliary room

The switchyard is arranged at the platform above the powerhouse, the site size is
230%x85m, and the site elevation is 1055.0m. The switchyard field is gentle and free of high
side slope. The control building and ground outgoing line yard are arranged there. The 400kV
cable-vert shaft has sectional dimension of 110x10x10m (HxLxW), full-section concrete
lining is considered and its middle part is separated by concrete wall.

The 2 layers of drainage galleries are arranged upstream of the main and auxiliary room
caverns. The water leaking from surrounding rocks of the powerhouse is collected into the
sump through the drainage gallery and drained from powerhouse by pump.

The water conveyance system mainly consists of intake, headrace tunnel, tailrace adit,
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tailrace surge chamber, tailrace tunnel and tailrace outfall. The layout of “6 tunnels for 6
units” is adopted and the tailrace surge chamber combines the tunnels into 2 long tailrace
tunnels for outflowing. The intake is located at the left bank of Kyoga Nile River and is
adjacent to (W# dam section at the left bank of the dam. The intake adopts the bank-tower
type structure and is mainly composed of the trash rack section, bellmouth, and gate tower.
The front edge has a total width of 144m, the tower is 20.5m high, the sand-guide sill with
crest elevation of 1026m is set about 23.5m upstream of the intake. The length of a single
headrace tunnel is 391.53m~380.46m and the interval between tunnels is 21.95~25.5m. The
headrace tunnel mainly includes upper horizontal transition section, the vertical shaft
(including the upper and lower bend sections) and lower horizontal section. The vertical shaft
adopts circular section, the horizontal section is of flat-bottom horseshoe-shaped section for
the convenience of construction. The inside diameter is 7.7m. The tailrace adit starts from the
draft tube extension section, with a length of 154.53m~153.73m, the distance between adit
axises is 26.5m, with the same cross-section as the headrace tunnel. The terminal of tailrace
adit is connected with tailrace surge chamber, which adopts simple gallery-type layout pattern
and is divided into two independent surge chamber units, 145m long each and with 30m thick
rock separation pier in the middle. The tailrace bulkhead gate is arranged at the upstream side
inside tailrace surge chamber. The tailrace surge chamber is followed by 2 tailrace tunnels
with respective length of about 8544.79m and 8451.41m, they adopt flat-bottom
horseshoe-shaped section, the tunnel is entirely lined, the lined tunnel has a diameter of 12.8m,
the spacing of the center lines is about 80m, after the horizontal turning at the end, the spacing
of center lines is decreased to 50m until tailrace outfall. The tailrace open channel is arranged
at the tailrace outfall, and the width is expanded from 64m to 100.29m, and the total length is
about 80m. Its tail end links the original riverway and a 3m-high concrete sand-guide sill is
set.

The Project layout of headrace scheme is shown in Fig. H154F-5D6-1~2.

(2) Tailrace powerhouse scheme (Scheme 1)

In the Project area, the terrain slowly drops from upstream to downstream and the
overburden is rather thick. The thickness of surrounding rocks at top of powerhouse is
insufficient, the tailrace development mode does meet the conditions for layout of
underground powerhouse, and thus, the tailrace powerhouse scheme adopts ground
powerhouse.

The tailrace development mode adopts ground powerhouse. If the requirement of
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negative pressure of draft tube and the foundation is met, the unit installation elevation shall
be increased as far as possible to decrease engineering quantities of excavation of powerhouse
foundation and back-fill and pouring of concrete. In consideration of the previous Tendering
Documents, the unit installation elevation is determined as 952m, i.e. restoring the unit
installation elevation to 952m specified in the Tendering Documents. Due to high unit
installation elevation and low topographic line and rock surface line of the upstream water
conveyance route, in order to make the burial depth of headrace tunnel conform to Norway
criterion, the headrace tunnel is arranged on basis of the working head in tunnel and the
elevation of rock surface line at corresponding position and the form of U-shaped tube is used
in headrace tunnel layout.

The water conveyance and power generation system mainly includes intake, headrace
shaft, headrace tunnel, main and auxiliary room cavern, and tailrace.

The plane layout of water conveyance system is similar to Scheme | (headrace
powerhouse scheme). The intake is followed with two long headrace tunnels (with structural
size same as the section tailrace of tunnel in Scheme 1), and tunnel diameter is 12.8m. Since
the elevation of this headrace tunnel is lower than that in Scheme I, and the working head
borne by it is the difference between the upstream water level and water level in the tunnel,
and the working head is higher than that of Scheme I. In accordance with transition process
analysis, a surge chamber needs to be set upstream. After calculation of Thomas stable section,
the area of stable section is about 2100m?, the upstream surge chamber is set 270m away from
upstream sidewall of powerhouse and it is a cylindrical restricted orifice type surge chamber
with diameter of 58m. At the bottom of the surge chamber, the headrace tunnel is bifurcated
into three, and corresponding to 6 units, totally 6 penstocks are arranged. Each penstock
adopts 268m-long steel liner, the inner diameter is 7.7m and is progressively reduced to 6m
before leading to the plant. The headrace tunnel is excavated in a descending slope to get
sufficient cover thickness (meeting Norway criterion). The penstock tail end is connected with
spiral case through a inclined shaft in a reverse slope.

The primary check of the transition process shows that at combined case (at normal run
of two units, increasing the third unit from zero to full load, and discarding all loads of three
units simultaneously), the maximum surge level is 1051.6m, and at normal case (upstream
dead water level, increasing one unit to full load, and normal run of other two units), the
minimum surge water level is 1010m, and on basis of it, the crest elevation of surge chamber

is determined as 1055m. As per the actual topographic conditions, the lowest elevation of the
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large shaft is 980m, the large shaft and the headrace tunnel below are connected through a
riser pipe with diameter of 9m. The large shaft of open surge chamber adopts steel cover type
and its top is provided with emergency gate hoist room of each adit.

The ground powerhouse consists of the units bay, erection bay, upstream auxiliary
powerhouse, downstream auxiliary powerhouse and end auxiliary powerhouse. The erection
bay is arranged at the left side of the units bay. The dimensions of the units bay are 142m x
29mx52.5m (LxWxH), the unit installation elevation is 952m, and the elevation of generator
floor is 964.5m. The interval between units is 23m, and between units, structure joint is set.
The erection bay has length of 49m, and its width is equal to that of the units bay. The ground
elevation of erection bay is equal to that of the generator floor. There is permanent joint set
between erection bay and the units bay.

The upstream auxiliary room is set upstream of the units bay, which is 12.5m wide, 35m
high, with length equal to that of the units bay. The upstream auxiliary room is mainly
provided with main transformer and GIS.

Between the units bay and draft-tube deck, the overhead space of top board of the
diffuser section of draft tube is utilized to arrange the downstream auxiliary room. The
downstream auxiliary room is divided into 4 floors, which are mainly used to arrange oil
tanks, middle-low pressure air compressor and tool room.

At the right side of the units bay, there is end auxiliary room in dimensions of
56.75mx12.5mx41m (LxWxH), which is mainly used to arrange electric equipment and
offices. The leakage and inspection sumps are arranged at the lower portion of the end
auxiliary room.

Drainage for plant area adopts gravity drainage and pumping. The water collected in and
seeped to the powerhouse is fed to the sump and pumped to tailrace channel. At the mountain
at the rear of the powerhouse, the cutoff ditch is set to discharge the water upstream of it to
the downstream river. The surface water of the side slope behind the plant and the plant area
is discharged from the surrounding drain ditch to tailrace channel and finally to downstream
river.

The overburden thickness at the powerhouse location is about 25m, in excavation of the
powerhouse foundation pit and the side slope, the soil excavation accounts for a high
proportion. The side slope behind the powerhouse is soil side slope, resulting in great
difficulty in the excavation and support.

In order to improve the integral stability and bearing capacity of powerhouse foundation,
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the rock foundation beneath the bottom slab of powerhouse is subjected to consolidation
grouting. The consolidation grouting is 8m deep and the inter-row interval is 3.0m. For the
fracture-affected locations, the consolidation grouting is 10m deep and the inter-row interval
is 2.0m.

The tailrace channel bottom width is 142m, and the tailrace channel consists of tailrace
reverse slope section and connection section, and has a total length of 150m, including reverse
slope section of 73m.The bottom sill elevation of tailrace gate is 940.5m, and the reverse
slope section is connected through 1:4 longitudinal reverse slope.

The Project layout for the tailrace development scheme is shown in Fig. H154F-5D6-3~

In comparison of schemes of tailrace ground powerhouse, the scheme of the tailrace
ground powerhouse for large open diversion channel is also compared. Since the overall
terrain slowly drops from upstream to downstream, for effective use of head of the Project,
the headrace water level of open channel shall be kept at 1030m. As per the topographic
layout, about the front 3km portion is the excavated open channel, and the following 6km is
the open channel formed by the filled earth dike. The quotative discharge is 1128m?/s, the
scale of the filled open channel is huge, the water retaining structure is formed at open
channel tail end, which is about 75m above the ground. Since the entire tailrace region of the
Project is located in National Forest Park, such huge ground filling construction will greatly
destroy the ground environment, additionally, in case of the open channel scheme, a huge
ground-suspended river will be built artifically, and thus the safety of the open channel
scheme will directly threaten the safety of person and property of local area and the Project
area downstream. In consideration of the above-mentioned disadvantageous factors, the big
open channel scheme will be not chosen to compare in detail.
6.3.3.2 Comparison of water conveyance and power generation systems

For the above-mentioned two development modes, namely, headrace powerhouse and
tailrace powerhouse, and in combination with design of water conveyance system, the
topographic and geological conditions, Project layout and operation conditions, construction
conditions, construction period and project investment of the two modes, are comprehensively
compared.

(1) Topographic and geological conditions

As per the design scheme, the powerhouse is compared between headrace underground

powerhouse and tailrace ground powerhouse. The headrace underground powerhouse is
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located 80m underground 350m from the left bank of the dam site. The tailrace ground
powerhouse is located at the tailrace outfall of the bidding scheme. The engineering
geological conditions of the two schemes are compared as follows:

The locations of two schemes are topographically gentle, adverse geological action is not
developed, the lithology is mainly granite gneiss, and amphibolite, large-scale fault is not
found, and the underground water level is generally 10~26m. In the headrace scheme, the
lower limit depth of completely weathering is 3.1~53.2m, and that of strongly weathering is
14.2~57m. In the tailrace scheme, the lower limit depth of completely weathering is 3.1~32.2
and that of strongly weathering is 14.4~46.2. In the two schemes, the change of basic
geological conditions is not great and they can both meet requirement for layout of schemes.

In the headrace underground powerhouse scheme, the main engineering geological
problems are that the thickness of overlying rock of the underground caverns is slightly higher
than the empirical value, the safety margin is low and some risks exist.

In the tailrace ground powerhouse scheme, the main engineering geological problems are
that: In the high side slope formed by excavation of ground powerhouse, the total thickness of
overburden and completely and strongly weathering is 30~40m, in rainstorm and earthquake
conditions, the side slop would be subjected to curved destabilization failure. A 8~9km long
shallow-buried pressurized headrace tunnel will be formed. Due to limited geological
exploration along the tunnel, large-scale structure would be likely to exist and the geological
risk is relatively high.

In a word, the two schemes have the adequate geological conditions, but headrace
scheme is involved with less obvious engineering geological problems and is superior to the
tailrace scheme.

(2) Project layout and operation conditions

In the two schemes, the total length of water conveyance system is not highly different,
the water conveyance system of the headrace scheme is shorter than that of the tailrace
scheme. Since the most of the water conveyance system is the section subjected to high inner
hydraulic pressure, the comparison of water conveyance systems shows that the headrace
scheme is better than the tailrace scheme.

Scheme | adopts underground powerhouse layout, and Scheme Il adopts ground
powerhouse layout, and Scheme Il is easier in operation management than Scheme I.
However, the powerhouse of Scheme Il requires the higher unit installation elevation, and the

elevation of topographic and rock surface line of the upstream water conveyance route is

1-210



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

relatively low. In order to make the burial depth of tunnel conform to Norway criterion, the
headrace tunnel is arranged through calculation as per the in-tunnel working head and
elevation of the rock surface line at corresponding location. The headrace tunnel adopts the
form of U-shaped pipe, which is disadvantageous to headrace tunnel maintenance and
avoidance of silt depositing, and the high pressure section of headrace tunnel is long.

In the underground powerhouse of the headrace powerhouse scheme, for inspection and
repair of units in powerhouse, it is merely necessary to discharge water in the tunnel after
closing the gates at the power intake and in the tailrace surge chamber. At that time, after
emptying the tunnel, the unit may be repaired. While in the tailrace powerhouse development
scheme, in addition to fixing gate at the intake, the tailrace upstream surge chamber of tailrace
is provided with 6 sets of bulkhead gates for repairing the cylindrical valve in the powerhouse.
The quantities of gate are equal to those of headrace powerhouse scheme, since the bearing
head greatly increases (increasing by about 100m head), the engineering quantities of the gate
and hoist greatly increase accordingly. The quantities of bulkhead gate at tailrace outfall is
less than headrace powerhouse scheme, but 2 openings are increased to 12 openings and 1
gate is increased to 4 gates. Thus, the engineering quantities of the gates is largely increased.

In the headrace powerhouse scheme, the total discharge for unit overhaul or for emptying
for check of headrace tunnel is about 150000 m®, which is easy to realize; while in case of the
tailrace powerhouse scheme, for emptying check of headrace tunnel, about 2 million m®water
shall be pumped out, which is difficult to realize or even impractical.

In case of headrace scheme, the tailrace surge chamber of large scale shall be set with
large excavation volume, but it is also underground structure, and the structural design is
restricted by the tailrace water level and related surging, and both of them are relatively low.
However, since the surrounding rocks may be utilized to bear load, merely the structural
measures taken of concrete and systematic support may meet requirements. While, for the
tailrace scheme, the setting of upstream elevation is controlled by the upstream water level, an
open surge tower is needed to be arranged in the structure location. For it is in open space and
relatively high, and it shall be a circular structure from the structural stress. Check by Thomas
Criterion shows that an open surge chamber with diameter 58m and height 75m shall be set,
which need to adopt steel liner, and requires huge investment.

(3) Construction conditions and construction period

(O Headrace powerhouse scheme

According to the layout conditions and construction demands of the underground cavern
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of this scheme, in addition to the construction access for the underground works (such as the
MAT, EVT, tailrace surge ventilation tunnel), 8 construction adits with a total length of
4407m shall be built, as described in Section 8.

The analysis of Project schedule shows that main critical path of the Project is
construction of underground powerhouse system and secondary critical path is construction of
tailrace system construction. The detailed path for construction of underground powerhouse
system is as follows: excavation of MAT, EVT — excavation of upper part of main and
auxiliary rooms — construction of rock-bolted crane beam — excavation of lower part of
main and auxiliary rooms— concreting of powerhouse and installation of main machine
equipment — Debugging and power generation of first set (batch) of units — Installation,
debugging and power generation of following set (batch) of units.

The detailed path for construction of tailrace tunnel is as follows: excavation of tailrace
construction adit and tailrace outfall —excavation of tailrace tunnel —concrete lining of
tailrace tunnel —grouting of tailrace tunnel —plugging of tailrace construction adit — water
filling test for tailrace tunnel —debugging and power generation of the first unit —
installation, debugging and power generation of the rest 5 units.

The total construction period of this scheme is 60 months, the construction period of
power generation is 56 months.

(@ Tailrace powerhouse scheme

In the tailrace powerhouse scheme, the powerhouse is a ground type powerhouse, and
totally 4 construction adits with a total length of 4603m are arranged to meet the requirements
of construction of the water conveyance system. The main engineering quantities include rock
excavation in tunnel of 255600m?®, concrete 71000m°, and 14500 rock bolts.

The analysis of Project schedule shows that since the powerhouse of this Project is a
ground type powerhouse, and its construction conditions are rather good, the critical path of
the Project is the construction of water conveyance and power generation system and its
detailed path is as follows: excavation of construction adit and intake —excavation of
headrace tunnel—concrete lining of headrace tunnel —grouting of headrace tunnel
—plugging of diversion construction adit —water filling test for headrace tunnel —
debugging and power generation of the first unit — installation, debugging and power
generation of the rest 5 units.

Similarly, the total construction period of this scheme is 60 months and the construction

period of power generation 56 months.
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(3 Comparison of schemes

a. Layout of construction adit

Bill of quantities of construction adits under the above powerhouse development

schemes are shown in Table 6.3.3-1.

Bill of quantities of construction adits in various schemes

Table 6.3.3-1
Description Unit Headragghp;merhouse Tailracsecﬂg\r/nvgrhouse
Number of construction . 4
adit Piece 7

Length of construction aidt m 4407 4603
Open excavation 10000 m? 17.64 18.42
Tunnel excavation 10000 m® 24.47 25.56
Concrete 10000 m* 5.63 5.89
shotcrete 10000 m* 1.16 1.21
Rebar t 965 1008
Bolt 10000 pieces 1.39 1.45
Total investment 10000 USD 4829 5044

Since in tailrace scheme, no permanent underground caverns (such as access tunnel, and
ventilation and emergency tunnel) can be utilizable for excavation of underground cavern, and
the construction adit shall be directly connected from ground. Though the quantity of
construction adits decrease, the total length of construction adit is not reduced. Though not
high difference in total length of construction adit and total investment, the investment in
tailrace scheme is slightly higher.

b. Construction conditions

The total scale and total length of tunnel are basically same for headrace tunnel and
tailrace tunnel of the water conveyance and power generation system, and the construction
conditions are same. However, the tailrace powerhouse scheme is a ground type powerhouse
scheme, its construction conditions is obviously superior to the headrace development
underground powerhouse, the construction period of the ground powerhouse is relatively
relaxed. Therefore, the construction conditions of tailrace powerhouse scheme are superior to
those of the headrace development scheme.

c. Project construction period

From the Project construction period, though the construction conditions of tailrace
ground powerhouse is generally superior to those of headrace underground powerhouse, and

construction period is relatively short, one of the critical paths for construction of
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above-mentioned two schemes is construction of 8.5~8.9km-long tailrace tunnel or headrace
tunnel, the construction conditions and construction period are basically same, its construction
period directly affects the construction period of power generation and completion period of
the Project. Thus, in the two schemes, the the construction period of power generation for the
first unit is 56 months, and total construction period is 60 months, and the construction period
of each scheme is not substantively different.

Both schemes are not substantively different in construction adit layout and Project
construction period, but the construction conditions of tailrace powerhouse scheme are
generally superior to those of the headrace development scheme.

(3) Comparison of engineering quantities and Project investment

(O Scope of preparation

The comparable portions of both the headrace scheme and the tailrace scheme include:
water conveyance system, power plant, construction adit and construction road. The
investment difference resulting from construction diversion cofferdam, construction
conditions and construction progress is not considered.

The principles for comparison of the main engineering quantities and investment of the
water conveyance system are as follows: (1) Due to no great change in engineering quantities
at intake region for two schemes, at this time, no detailed comparison is made. (2) The
tailrace outfall in the headrace scheme is combined with the ground powerhouse tailrace
portion of the tailrace scheme, the engineering quantities of tailrace outfall at this time is
listed in the comparison range of “power generation system”.

Hence, the comparison of structures of water conveyance system schemes involves
respectively: (1) For headrace scheme: headrace shaft, headrace tunnel, tailrace adit, tailrace
tunnel, tailrace surge chamber and ventilation tunnel, (2) for tailrace development scheme:
headrace shaft, headrace tunnel, headrace surge chamber and penstock, with range from the
end of transition section following the intake to upstream sidewall of ground powerhouse.

2 Engineering quantities and project investment

a. The comparable engineering quantities of civil works of the headrace powerhouse

scheme and the tailrace powerhouse scheme are shown in Table 6.3.3-2.
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Summary of comparable quantities of civil works of headrace and

tailrace powerhouse schemes

Table 6.3.3-2
Headrace powerhouse scheme |  Tailrace powerhouse scheme
Description Unit Water Power Water Power
conveyance generation conveyance generation
system system
Earth /gravel m? 449118 146571 454523
excavation
Rock excavation m® 190493 12123 303015
Rock excavation of | s 3385541 525296 3283899
tunnel
Slag backfill m? 80700
C15 concrete with me 5708 3993
buried rock
Concrete m? 349626 120430 763123 142276
C20 concrete retaining me 7425
wall
Rebar t 33467 9944 49548 10472
Steel products t 3100 142 3126 38.5
Shotcrete m? 73997 17602 84159 233
';/luzig Ordinary motar anchor| Piece 215417 65929 216157 868
tities
Anchor bar (3¢28 Picce 790 660
L=9m)
Pre-stressed
anchorage cable Bundle 270 181
(1000KkN, L=40m)
Consolidation
grouting (cement m 103015 6665 102388 3300
consumption 30kg/m)
Backfill grouting m? 219012 12485 257117
Curtain grouting
borehole @65 m 15454
Curtain grouting t 1236
Drainage hole (®50,
774 1
hole depth 5m) m 59 898
Steel liner steel ¢ 1060 23293
products
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b. Analysis of investment

Water conveyance system: The estimated total investment of water conveyance system
of the tailrace scheme is USD 315 million higher than that of the headrace scheme, and the
main causes are analyzed as follows:

a) The total engineering quantities of excavation of headrace and tailrace schemes are
basically same. Compared with the headrace scheme, the tailrace scheme adopts excavation of
big tunnel section along the entire tunnel (previous tailrace tunnel), and the total length of
tunnel is somewhat increased, and it is unnecessary to excavate underground connection
cavern such as tailrace adit. The main body (large shaft) of the surge chamber is basically
moved to ground, which increases the engineering quantities of open cutting. Big excavation
of underground caverns of tailrace surge chamber in the headrace scheme is cancelled. The
comparison shows that the overall excavation and investment of tailrace development scheme
are basically equal to those of the bidding scheme.

b) Except that engineering quantities of shotcrete are slightly increased due to increase
of tunnel section, the support engineering quantities in the tailrace scheme varies slightly.

c) Compared with headrace scheme, in the tailrace scheme, the small section tunnel
(the tail end steel liner section, corresponding to headrace tunnel and tailrace adit in the
headrace scheme) is shortened and the big section tunnel (headrace tunnel, corresponding to
the tailrace tunnel in headrace scheme) is somewhat increased. Under the prerequisite of
consistency with the previous tunnel grouting design principles, the engineering quantities of
consolidation grouting are decreased and the quantities of the back-fill grouting are increased.

d) Compared with the headrace scheme, the tailrace scheme is obviously inferior in
investment, and it is mainly reflected by significant increases in the engineering quantities and
investment of concrete, rebar and steels, respectively increased by USD 179 million, USD 46
million and USD 93 million, basically constituting the whole of increased investment. The
reasons are as follows: in tailrace scheme, the head along the tunnel is relatively high and the
highest hydrostatic pressure may reach 163m, while in the headrace scheme, the
corresponding highest hydrostatic pressure in tailrace tunnel is 50m. Thus, in the tailrace
scheme, the headrace tunnel shall be lined with at least 60cm-thick reinforced concrete along
the entire length, while in the headrace scheme, most of the tailrace tunnel is thinly lined, thus,
the engineering quantities of concrete and rebar greatly increase. The stabilization and
consolidation scheme for the open section of large shaft of the surge chamber is one of factors

resulting in increase of concrete engineering quantities. In the tailrace scheme, the burial
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depth of tail end tunnel is low, the head is relatively high, and the length of steel lined section
is longer than that of the headrace scheme. The open surge tank with diameter of 58m adopts
steel liner, the huge cross-section has high requirement for bearing capacity of exposed steel
structure, and the steel liner of high strength and big wall thickness is required, which results
in great increase in investment of steel liner.

Powerhouse works: Compared with headrace underground powerhouse scheme, the tailrace
ground powerhouse scheme requires several auxiliary caverns, such as main transformer cavern,
400kV outgoing line shaft, access tunnel, and ventilation and emergency tunnel, the engineering
quantities of corresponding cavern excavation, support and concrete are higher than those of the
tailrace scheme. The investment of the tailrace scheme is 17 million USD lower than that of
the powerhouse works of the headrace scheme.

The comprehensive investment comparison shows that the investment of tailrace
development scheme is about 298 million USD higher than that of headrace development
scheme and it is technically inferior to the headrace development scheme.

From the above investment analysis, it is conlcuded that the headrace underground
powerhouse scheme is obviously superior to tailrace ground powerhouse scheme.

Conclusion: After comprehensive comparison in many respects such as topographic and
geological conditions, Project layout, operation conditions, construction conditions,
construction period and investment, Scheme I, i.e. headrace powerhouse scheme, is
recommended.

6.4 Water Retaining Structures

The water retaining structures of the Project consists of 118.94m-long gravity concrete
dam, including 49.44m-long water retaining dam section at the left bank, 34.50m-long
riverbed water retaining dam section, and 35.00m-long water retaining dam section at right
bank.

6.4.1 Determination of Dam Crest Elevation

The dam crest elevation shall not be lower than the sum of the normal pool level of
reservoir (or the highest water level), wave height and freeboard and in water releasing, the
dam crest elevation shall not be lower than the sum of design flood level (or check flood
level), wave height and corresponding freeboard. The calculation results of dam crest
elevation are shown in Table 6.4.1-1.
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Calculation results of crest elevation

Table 6.4.1-1
Wave
Condition Water level (m) calculation Freeboard (m) Calculate(_j dam crest
. elevation (m)
height (m)
Inwater | Normal pool | 44 g 0.81 0.5 1031.31
retaining level
Inwater | Check flood | 44 g 0.48 0.4 1030.88
release level

As shown by the table above, this Project is controlled by the normal pool level. The
normal pool level is 1030m and the calculated dam crest elevation is 1031.31m. In
consideration of the layout for dam crest access bridge and rail beam of gantry crane, dam
crest elevation is determined as 1032.00m.

6.4.2 Dam Structure

The water retaining dam section is of the gravity type, the crest elevation is 1032.00m,

and crest width is 6.00m. It is of a triangular section, the slope ratio of the downstream face is

1:0.7, with the starting point at the interface of the dam axis and normal pool level; a 1: 0.1

folded slope is set upstream, with the starting point at EI. 1028.0m. In which, No. 1 and 2
left-bank water retaining dam sections are arranged in combination with the power intake,
forming an included angle of 111.7° with the riverbed dam axis. The maximum height of the
water retaining dam section is 14.0m.
6.4.3 Calculation of Stable Stress of Dam

The anti-sliding stability and bottom stress of the flood sluice along construction
foundation surface are calculated and analyzed as per the indexes of mechanical parameters of
dam foundation rock mass.

(1) Safety control standard for stress and anti-sliding stability

In accordance with US ARMY CORPS OF ENGINEERS: Gravity Dam Design,
EM-1110-2-2200, the stability and stress standard are as follows:
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Standard of stability and stress

Table 6.4.3-1
Operating Action point of M;g;g:;m Foundation bearing Stress
condition resultant force coefficient capacity Compressive Tensile
Usual Intermediate 1/3 2.0 < allowable value 0.3f;’ 0
Abnormal | Intermediate 1/2 1.7 < allowable value 0.5f,’ 0.6f. %"
Ultimate In foundation 1.3 51.33>\</:1IIL:gwable 0.9f. 1.5f.728

(2) Calculation operating conditions and combinations of loads

I: Completion: a: Completion of dam, b: No water upstream and downstream

II: Normal operation: a: upstream water level 1030m, b: No water downstream, c:
Consideration of uplift pressure

I11: Flood condition: a: upstream water level 1030m, b: downstream water level 1026m, c:
Consideration of uplift, d: Consideration of hydrostatic pressure

VI: Encountering earthquake after completion: a: OBE earthquake, b: No water upstream
and downstream

V: Earthquake in normal operation: a: MCE earthquake, b: upstream water level
1030m, c: No water downstream, d: Consideration of uplift pressure before earthquake

VI: Extreme flood condition: a: upstream water level 1030m, b: downstream water level
1028m, c: Consideration of uplift pressure, d: Consideration of hydrostatic pressure

Calculation conditions and load combination

Table 6.4.3-2
Load combination
Load Calculation condition : :
condition Dead weight | ydrostatic Uplift Earthquake
pressure pressure
Abnormal Completion of_ project N
construction
Frequent Normal operation
Abnormal Flood condition
Earthquake after
Extreme completion of project \ \
construction
Earthquake in normal
Extreme operation \ \ V V
Extreme Extreme flood \ \ \
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(3) Calculation formula

Calculation formula of anti-sliding safety coefficient

FS=

(W -U)tang+CL

L

Where: W= Total weight of water, soil, rock, or concrete,

U =uplift pressure,

®= inner friction angle,

C = Cohesion of slip surface,

L =Dam foundation length along slip surface,

H. =Sum of horizontal acting forces

(4) Calculation parameters

The dam foundation is granite gneiss, the values used for calculation of physical and

mechanical parameters are:
Inner friction angle ®=35°, shear strength C=800kPa, bearing capacity of bedrock R
=35MPa.

(5) Calculation result

The calculation results of water retaining dam section stability against sliding and stress

are shown in Table 6.4.2-3.

Calculation results of water retaining dam section stability against sliding and stress

Table 6.4.3-3

inri;at Action ?grigé (()rfn ;esultant éggﬁsll(l:jégg Stress (ali ;j:;m heel Stress at dam toe(kPa)

Cogg . Ca\l/;lﬂlaeted Standard Ca\l/(;l:lljaeted Standard Ca\l/;tljlljaeted Standard Ca\ll(;:lljfed Standard
I -0.71 -2.35~2.35 +00 1.7 338.63 3600 127.42 3600
I 1.08 -1.57~1.57 12.2 2.0 56.85 2160 306.23 2160
" 0.64 -2.35~2.35 215 1.7 93.50 3600 222.65 3600
v -1.63 -4.7~4.7 22.6 1.3 513.72 6480 -47.68 -5593
\% 4.06 -4.7~4.7 6.3 1.3 -289.15 -5593 652.24 6480
VI 0.12 -4.7~4.7 39.0 1.3 141.24 6480 165.36 6480

The calculation shows that the results of action point of resultant force are within the

standard range, the anti-sliding coefficient is above the standard value, and bottom stress is

below the standard value, and thus the calculation results meet requirements.
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6.5 Flood Releasing Structures
6.5.1 Flood Standard and Characteristic Water Level

In this project, the flood standard is 10000-year flood and the flood discharge is
4700m%s.

The characteristic water levels of reservoir are as follows:

Normal pool level: 1030.00m

Dead water level: 1028.00m

Check flood level: 1030.00m, corresponding downstream water level: 1028.00m
6.5.2 Determination of Weir Crest Elevation and Quantity and Dimensions of Gate Openings

(1) Optimization of design at bidding stage

In Feasibility Study Report of the Indian company, the dam body is totally provided with
14 flood releasing openings with dimensions of single opening 7x10m (Wx H), and it
involves with many openings, and the structural joints between dam sections are set between
two side piers of each opening. Each opening is provided with 2 side piers of adequate
thickness in order to meet requirements of the structure. The entire dam involves many side
piers of gate openings and corresponding construction steps, which is disadvantageous to
accelerate construction progress. Due to more quantity of flood sluicing gates and metallic
structural embedded parts, the construction of embedded parts and concrete in phase | are
seriously interferred. In the Project, the the bedrock of dam foundation has rather good
conditions and the head is relatively low. For meeting function, saving investment, and
facilitating and accelerating construction, the structural joints between dams are shifted from
the side pier to the bottom slab in bidding stage to decrease the quantity of each opening’s
side pier and the concrete of pier body. Since the head of the Project is low and the hydraulic
pressure borne by flood slucing gate is relatively low, in combination with requirements of
flood releasing capacity, 14 flood releasing openings are decreased to 10 openings, the width
of single opening is increased from previous 7m to10m, the height of flood releasing opening
is still kept at previous 10m, the lateral length of flood releasing opening is increased from
previous 98m to 100m, and the flood releasing capacity is increaded from the 4700m®/s
specified in the Tendering Documents to the safety margin.

After optimization, the scheme not only fully meets the requirements of the Tendering
Document for function and safety but also facilitates the construction.

(2) Comparison of weir crest elevation
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The dam axis is set at normal pool level at EI. 1030m, and the water surface of irrigation
passage is about 250m wide. Since the abutment at right bank is at the concave bank, banks
are protruded both upstream and downstream, especially some locations downstream are
locally largely protruded, which will somewhat affect the flood release. In consideration of
right-bank diversion channel width and layout requirements of the left-bank gate storage dam
section, sediment sluice dam section and trash sluicing dam section, the maximum riverbed
width of flood sluice dam is about 150 m. On basis of riverbed bottom elevation (about
1021~1024m) and through hydraulic calcuation, the primarily proposed weir crest elevations
of 1022.0m and 1022.60m are taken for comparison.

Scheme I: In case of weir crest elevation 1022m, it is primarily decided that dimensions
of gate openings are 10x8m (Wx H), there are 10 gate openings, intermediate pier thickness is
3.0m, side pier thickness is 2.0m, and total width of flood sluice section is 131.0m.

Scheme II: In case of weir crest elevation of 1022.6m, it is primarily decided that
dimensions of gate openings are 10x7.4m (Wx H), there are 11 gate openings, intermediate
pier thickness is 3.0m, side pier thickness is 2.0m, and total width of flood sluice section is
144.0m.

The flow releasing capacity of Scheme | and Scheme 11 is compared as follows:

Comparison of flow releasing capacity by weir crest elevation

Table 6.5-1
Scheme | Scheme 11
Item Unit
(weir height 1022.0m) (weir height 1022.6m)
Flow releasing capacity m3/s 5201.9 5289.6

Main engineering quantities and comparable investment are shown in Table 6.5-2 and
Table 6.5-3.
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Civil works engineering quantities and comparable investment by weir crest elevation

schemes
Table 6.5-2
Quantities of Scheme 1 Quantities of Scheme 2
Unit ori Remark
Description MLPrICE | (weir height 1022.0m) (weir height 1022.6m)
(USD) _ _ Price
Quantity |Price (UDS)| Quantity (UDS)
Earth excavation 4.36 451 m® 1964 495m° 1964
Rock excavation 18.28 73759 m® 1348322 73209 m® 1337840
Upstream
water face of
C25 concrete 290 11418m3 1008277 | 11795 m® | 1124976 \‘jv"eei;ﬂo""'“g
superstructure
of dam
C30 concrete 389.39 12105 m® 4713544 12759 m* | 4968039 |Gate pier
C30 concrete 34157 638 m* 218042 702 m? 239846 |Bridge
Overflowing
C40 concrete 288.37 3693 m® 1064851 4062m° | 1171336 |face
C15 concrete 184.46 3265 m® 602291 3592m3 370143 | ' overflowing
weir body
Upstream
C25 concrete 290 0 0 -287 g3129  |Water face of
water retaining
dam section
Downstream
C15 concrete 184.46 0 0 -1585 -292377 of water
retainingdam
Rebar 2139.14 1283t 2745151 1411t 3017570
Total ((USD) 14005253 14444664
Investment
+439411USD

difference (USD)

Note: due to increase of unit discharge, the stilling basin length of Scheme | is 5m longer
than that of Scheme I1.
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Bill of quantities and comparable investment of hydro metal structure by weir elevation

schemes
Table 6.5-3
L Scheme I(weir height Scheme 11 (weir height
Unit price (USD) 1022.0m) 1022.6m)
peseription Equipment |Installation Unit Price Unit Price
g fge fee weight |Quantity weight | Quantity
® (UsSD> ® (UsbD)

Bulkhead gate | 1q7568 | 147077 | 670 | 1 | 23077815 | 60.0 1 206667
for sluice gate
Bulkhead gate
slot for sluice 1891.45 | 2658.82 | 12.0 10 5460324 | 11.0 1 550582.7
gate
Bulkhead gate
hoist for sluice | 444078.95 | 85564.99 | 130.0 Set 529643.94 | 130.0 1 529643.94
gate
Radial operating
gate for sluice 2384.87 1688.18 | 50.0 10 2036525 46.0 1 2060963
gate
Radial operating
gate slot for 2302.63 276452 | 8.0 10 405372 8.0 1 445909.2
sluice gate
Radial operating
gate hoist for 9868.42 | 4855.51 | 12.0 10 147239.28 | 12.0 1 161963.2
sluice gate
Total (USD) 3895590.8 3955729.3
Investment
difference(USA) +60138

In summary, in Scheme I, the investment of civil works is 439411 USD lower than
Scheme I, the investment of metallic structure is 60138 USD lower than Scheme I, and total
investment is 499549 USD lower than Scheme Il. Thus Scheme 1 is selected and the weir
crest elevation is 1022.0m.

(3) Comparison of quantity of gate openings

Under the condition of determined weir crest elevation of 1022m, three schemes are
compared:

Scheme I: dimensions of gate opening are 12x8m (Wx H), there are 8 gate openings,
intermediate pier thickness is 3.5m, side pier thickness is 2.5m and total width of flood sluice
is 125.5m.

Scheme II: dimensions of gate opening are 10x8m (Wx H), there are 10 gate openings,
intermediate pier thickness is 3.0m, side pier thickness is 2.0m and total width of flood sluice
is 131.0m;
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Scheme 11l dimensions of gate opening are 8x8m (Wx H), there are 12 gate openings,

intermediate pier thickness is 2.5m, side pier thickness is 2.0m and total width of flood sluice
is 127.5m.
The flow releasing capacity of Scheme I, Scheme Il and Scheme Il is compared as

follows:
Comparison of flow releasing capacity of gate openings
Table 6.5-4
Scheme | Scheme 11 Scheme 11
Item Unit
8-12x8m (Wx H) 10-10x8m (Wx H) 12-8x8m (Wx H)
Flow releasing capacity m*/s 4995.9 5201.9 4986.8

The engineering quantities and comparable investment of gate opening quantity schemes
are shown in Table 6.5-5 and Table 6.5-6.
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Civil work engineering quantities and comparable investment by gate opening quantity schemes

Table 6.5-5
Quantities of Scheme | Quantities of Scheme 11 Quantities of Scheme 111
Unit price Remarks
Description 8-12X8m (WXH) 10-10X8m (WXH) 12-8X8m (WXH)
(USh) Quantity  |Price (USD)| Quantity | Price (USD) Quantity  |Price (USD)
Earth excavation 4.36 456 m? 1987 451 m? 1964 439 m? 1912
Rock excavation 18.28 74895 m® 1369089 73759 m® 1348322 72069 m® 1317425
C25 concrete 290 11827m’ 3429694 | 11418 m® 3311088 11380m’ 2300272 Up\i};?f}“;u‘gggrEi‘t’ﬁr‘;foﬁl‘ae;rﬁow
C30 concrete 389.39 14253 m?® 5549818 12105 m? 4713544 12300 m? 4789569 Gate pier
C30 concrete 34157 604 m* 206149 638 m* 218042 627 m* 214078 Bridge
C40 concrete 288.37 3545 m® 1022257 3693 m® 1064851 3545 m® 1022257 Overflowing face
C15 concrete 184.46 3303m® 609187 3265 m® 602291 3178m° 586199 Insdie overflowing weir body
C25 concrete 290 -33 -9592 0 0 77 22381 Upsﬁreiﬁmiﬁvg tga:nfqags;tfo\gater
C15 concrete 184.46 183 23736 . . . 4117 Downstream 32 r\:1vater retaining
Rebar 2139.14 1298 t 2776584 1283t 2745151 1274t 2671807
Total (USD) 14921437 14005253 14004616
st s :
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Engineering quantities and comparable investment of hydro metal structure by gate opening quantity schemes

Table 6.5-6
Quantities of Scheme | Quantities of Scheme 11 Quantities of Scheme 1l
Unit price (USD)
8-12x8m (WxH) 10-10x8m (WxH) 12-8x8m (WxH)
Description . . .
Unit Price Unit Price Unit Price
Equipment fee Installation fee weight | Quantity weight | Quantity weight | Quantity
(®) (USD) (t) (USD) (t) (USD)
B“”;nﬁig 32:2 for 1973.68 1470.77 80 | 1piece | 285889.7 | 67.0 | 1piece |230778.15| 52.0 | 1piece | 179111.62
Bulkhead gate slot 1891.45 2658.82 135 | 8sets |500620.95 | 12.0 | 10sets | 546032.4 | 120 | 12sets | 6552385
for sluice gate
Bulkhead gate
hoist for sluice 444078.95 85564.99 130 Set 529643.94 | 130.0 Set 529643.94 | 130.0 1 set 529643.94
gate
Radial aperating 2384.87 1688.18 58 | 8pieces | 19550632 | 500 | O 2036525 | 43.0 12 2101693
gate for sluice gate pieces pieces
Radial operating
gate slot for sluice 2302.63 2764.52 8 8 sets 324297.7 8.0 10 sets 405372 7.0 12 sets | 425640.73
gate
Radial operating 9868.42 (Scheme I, | 4855.50 (Scheme I,
gate hoist for 11 /88815.79 11D /43699.56 12 8sets | 117791.42 | 120 10 sets | 147239.28 | 10.0 12 sets | 159018.42
sluice gate (Scheme I11) (Scheme 111)
Total (USD) 3722315.9 3895590.8 4050346.2
Investment +173275 0 154756

difference (USD)

1-227




Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)
To conclude, in Scheme Il, the investment in civil works is 292496 USD lower than

Scheme I, the investment in metallic structure is 173275 USD higher than Scheme I, and total
investment is 119221USD lower than Scheme I. In Scheme I1, the investment in civil works is
637USD higher than Scheme Il1, the investment in metallic structure is 154756 USD lower
than Scheme I11, and total investment is 154119 USD lower than Scheme Il1. Thus, Scheme I1
is selected, its dimensions of gate opening are 10x8m (Wx H) and there are 10 gate openings.
6.5.3 Layout of Water Releasing Structures

The flood sluices, arranged at the main riverbed, have a total length of 131.0m, and
maximum height of 13.0m, and is divided into 10 dam sections. Totally 10 gate openings are
arranged with opening dimensions of 10.0m (width) x8.0m (height). The practical weir type is
adopted, the weir crest elevation is 1022.0m, and the length along the flow direction is 26.0m.

The trash sluice is arranged at the left side of flood sluice, and it has width of 13.5m, and
opening dimensions are 5.0m (width) x4.0m (height). The practical weir type is adopted, the
weir crest elevation is 1026.0m, and the length along the flow direction is 26.0m.

The sediment sluices are arranged at the left side of trash sluice, and it has width of
11.0m, and two sediment slucing openings in dimensions of 3.0mx4.0m (Wx H), the length
along the flow direction is 26.0m, and the bottom slab is 1.5m thick.

The ecolocial flow discharging dam section is arranged in the open diversion channel at
the right bank. The dam section has a total length of 20.0m, and height of 13.0m and is
provided with one ecological flow release opening. The opening dimensions are 8.0m (width)
x4.0m (height). The practical weir type is adopted, and the weir crest elevation is 1026.0m.
6.5.4 Flow Releasing Capacity

The flow releasing capacity of open type overflow crest outlet is calculated with the
following formula:

Q= CLHGSIZ
In which: L=L"-2(NxKpxKa)He
Where:
Q—total discharge (m*/s) ;
C—discharge coefficient, refer to guidelines of hydraulic design
L—effective weir crest width (m)
H.—Head at weir crest (m)
L’ —net width of weir (m)

N—~Quantity of intermediate pier
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Ky—shrinkage coefficient of gate pier
Ka—shrinkage coefficient of side pier
The calculated flow releasing capacity of flood sluice is Q=5201.9 m%/s. If participation
of trash sluice, sediment bottom outlets, ecological flow release outlet and units in the flood
releasing is not considered, the flood sluice meets discharge requirements of 4700m®/s
(P=0.01%) and has a given over-releasing capacity. Hence, the flow releasing capacity of the
Project meets flood releasing requirements. The discharging curve of flood sluice is shown in
Fig. 6.5-1.
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Fig. 6.5-1 Discharging curve of flood sluice
6.5.5 Calculation of Stable Stress of Flood Sluice
(1) Safety control standard for stress and anti-sliding stability
In accordance with US ARMY CORPS OF ENGINEERS: Gravity Dam Design,
EM-1110-2-2200: the stability and stress standard are as follows:
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Stability and stress standard

Table 6.5.5-1
Operating Action point of | Minimum safety Foundation Stress
condition resultant force coefficient bearing capacity Compressive Tensile
Usual Intermediate 1/3 2.0 < allowable value 0.3f;’ 0
Abnormal Intermediate 1/2 1.7 < allowable value 0.5f,’ 0.6f."%°
Extreme In foundation 1.3 51.33>\</;1|IL:ce>wabIe 0.9f. 1.5f.72"

(2) Calculation conditions and combination of loads

I. Completion of the Project: a: Completion of dam, b: No water upstream and

downstream

II. Normal operation: a: upstream water level 1030m, b: No water downstream, c:

Consideration of uplift pressure

I11. Flood condition: a: upstream water level 1030m, b: downstream water level 1026m, c:

Consideration of uplift pressure, d: Consideration of hydrostatic pressure

VI. Earthquake after completion of the Project: a: OBE earthquake, b: No water upstream

and downstream

V. Earthquake in normal operation: a MCE earthquake, b: upstream water level 1030m, c:

No water downstream, d: Consideration of uplift pressure before earthquake

VI Extreme flood condition: a: upstream water level 1030m, b: downstream water level

1028m, c: Consideration of uplift pressure, d: Consideration of hydrostatic pressure

Calculation operating condition and combination of loads

Table 6.5.5-2
Combination of loads
Load Calculation operating :
conditions condition Dead weight Hydrostatic Uplift pressure| Earthquake
pressure
Abnormal Completl_on of the N
Project
usual Normal operation
Abnormal Flood condition \
Earthquake after
Extreme completion of the \ \
Project
Ultimate Earthquake in normal N N N N
operation
Extreme Extreme flood \ \ \
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(3) Calculation formula
The calculation formula of anti-sliding safety coefficient is as follows:

FS:(W—U)tan¢+CL

L
Where: W= Total weight of water, soil, rock, or concrete,
U =uplift pressure,
®= inner friction angle,
C = Cohesion of slip surface,
L =Dam foundation length along slip surface,
H. =Sum of horizontal acting forces

(4) Calculation parameters

The foundation of flood sluice is of granite gneiss, and the values used for calculation of
physical and mechanical parameters of foundation face are as follows:

Inner friction angle ®=35°, shear strength C=800kPa, and bearing capacity of bedrock
R.=35MPa

(5) Calculation result

The calculation results of flood sluice gate anti-sliding stability and stress are shown in
Table 6.5.5.-3 below.

Summary of calculation results of sluice gate anti-sliding stability and stress
Table 6.5.5-3

Worki Action point of Ty -
g resultant force (m) Anti-sliding coefficient | Stress at dam heel(kPa) | Stress at dam toe(kPa)
conditi Calculate Calculate Calculate Calculate
on Standard Standard Standard Standard
value value value value
| 0.25 -6.5~6.5 + o0 1.7 115.38 3600 129.24 3600
1 1.37 -4.3~4.3 28.95 2.0 64.83 2160 125.41 2160
Il 1.40 -6.5~6.5 74.70 1.7 62.53 3600 122.09 3600
v -0.25 -13°13 31.77 1.3 133.29 6480 111.33 6480
\Y/ 4.42 -13°13 10.89 1.3 -0.87 -5593 87.00 6480
VI 1.31 -13°13 62.46 1.3 61.99 6480 115.85 6480

The calculation shows that the results of action point of resultant force are within the

standard range, the anti-sliding coefficient is above the standard value, and bottom stress is

below the standard value, and thus the calculation results meet requirements.
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6.6 Design of Sediment Sluice
6.6.1 Characteristics of River Sediment

Due to huge storage capacity of Lake Kyoga and Lake Victoria, most of sediment
produced in the basin upstream of Lake Kyoga deposits in Lake Kyoga. Hence, the sediment
at the dam site of Karuma HPP of Kyoga Nile River is mainly from the interval basin from
Lake Kyoga to the dam site of the Project.

The mean values of sediment concentration collected in January and February 2014 and
aperiodically measured by Masindi Port Hydrological Station and 11 hydrological stations
from 1999 to 2003 and from 2006 to 2007 are taken as the sediment concentration of
suspended load at the dam site of the Project, i.e. 10.02mg/l. The mean annual suspended
sediment runoff at Karuma HPP dam site calculated accordingly is 314600 t/a. The bedload
sediment concentration is considered based on 10% of the suspended load sediment
consideration, namely, 31500 t/a. In summary, the average annual inflowing sediment at the
dam site of the Project is 346100 t /d in total.

6.6.2 Sedimentation Deposition before Dam

The sediment deposits gradually from reservoir tail to the front of the dam, and the
sedimentation face has a given longitudinal slope along the river channel. In operation of
flood sluice, it plays a sediment-removal role, and thus a funnel area is formed near the front
of the dam.

Since the river at the dam site of the Project is a low-sediment river, the sedimentation
rate before the dam is low.

6.6.3 Function of Sediment Sluice
Since the river at the dam site of this Project is a low-sediment river, the bedload before
the intake deposits slowly, and a sand-guide sill is set before the intake (crest elevation 2.0m
below dead water level, i.e. El. 1026m). In this Project, the sediment sluice is set for flushing
bedload before the dam and also for emptying the reservoir.
6.6.4 Operation Mode of Sediment Sluice

At this stage, the operation mode of sediment sluice is proposed as follows:

(1) When the sedimentation before the intake reaches the elevation of sand-guide sill,
lower the water level before dam to dead water level 1028m and open the gate to flush out the
sediment;

(2) During flood period, lower the water level to dead water level 1028m and flush out

the sediment;
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(3) In case of unobvious effect of sediment-removal at dead water level before dam,

lower the reservoir water level for flushing out sediment at appropriate time.
6.6.5 Structural Layout of Sediment Sluice

The Project is provided with 2-opening sediment sluice, and the gate opening is of breast
wall type structure. The opening dimensions of the sediment sluice are 3.0x4.5m (Wx H), the
crest elevation of the bottom slab of gate chamber is 1020.50m, thickness of bottom slab is
1.5m and the gate height is 13.0m. The sediment sluice is 14.0m wide, the bottom slab is
36.0m long and the side pier is 3.0m thick.

Downstream of breast wall orifice, the sediment sluice is provided with one plain service

gate and it is operated by winch hoist. One bulkhead gate slot is set before the gate.

6.6.6 Flow Releasing Capacity of Sediment Sluice

The outflow releasing capacity from the gate openings is calculated with the following

Q:AC\/}{(+Kf +1V29H
Where:

Q—total discharge (m®/s);

formula:

A—Area of gate outlet (m%s);
K—intake coefficient;
Ks+—Darcy-Weisbach friction coefficient;
H—Difference between upstream and downstream water levels (m)
The calculated flow releasing capacity of sediment sluice is Q=225.4m%s. The

discharging curve of sediment sluice is shown in Fig.6.6-1.
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Fig. 6.6-1 Discharging curve of sediment sluice
6.7 Design of Trash Discharging Outlet

The trash discharging outlet adopts crest outlet overflow type. The weir is WES weir,
with crest elevation of 1026m, and is provided with one opening in dimensions of
12.0mx4.0m (Wx H). The service gate is flat steel gate and a bulkhead gate slot is set before
the service gate. The discharging flow at dead water level 1028m is 74.0m%/s, and that at
normal pool level 1030m is 204.3m?%s.

6.8 Ecological Flow Release Outlet
6.8.1 Selection of Position of Ecological Flow Release Outlet

When the dam is provided with trash discharging outlet, the ecological flow release
outlet is usually arranged in combination with the layout of trash discharge outlet to realize
multiple usages, save project investment, decrease abandoned water, and increase benefits of
power generation. In Karuma HPP, the ecological flow release outlet and the trash discharging
outlet are separately arranged, which mainly depends on the layout position of fishway and
the requirement for hydraulic operation conditions of the fish entrance.

If the fishway is arranged at the right bank, the ecological flow discharging outlet and
trash discharging outlet are jointly used, and the discharging flow is 50~100m®/s, under the
impact of the deep plunge sill downstream of the dam site, the water will be discharged
mainly from the center of the main riverbed. When fishes go upstream, the said stream of
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flow will induce the fishes to the plunge sill downstream of the dam, which makes the fishes
difficult to find the fishway inlet to go upstream. If the ecological flow release outlet is
arranged at the open diversion channel, when ecological discharge is released, water flow will
pass through the fishway inlet to induce the fishes and make them identify and find out fish
entrance and cluster to the fishway for going upstream.
6.8.2 Structural Layout of Ecological Flow Release Outlet

The ecological flow release outlet adopts crest outlet overflow type and the weir is WES
weir and the weir crest elevation is 1026m. The gate is flat steel gate. The required releasing
capacity of the ecological flow release outlet is 50~100m®s. In order to ensure release in
full-opening state of gate, meet the requirement of discharge at different seasons and
minimize the discharge, 2 outlets in dimensions of 4.5mx4.0m (Wx H) are set to ensure
flexible operation in gate full-opening state. In gate full-opening of the 2 outlets, the discharge
at dead water level 1028m is 55m*/s, and that at normal pool level 1030m is 149m?®/s. The
flow releasing capacity through gate openings meets requirements for ecological flow
discharging.
6.9 Fishpass Structures
6.9.1 Selection of Fishway Location

One of the key factors for successful design of fishway is to make fishes rapidly find out
and smoothly enter the fish entrance. If the design of fish entrance is improper, even the inner
of the fishway has good conditions for fish passing, it is futile. Hence, the entrance is usually
set at the place where water frequently flows, and fishes mitigate and cluster and the flow
before the entrance shall be free of eddy, hydraulic jump and big circulating flow. In
accordance with dam layout, the power intake is arranged at the left bank, and hence the
sediment outlet and trash outlet shall be arranged at the left bank riverbed close to the intake
to facilitate flushing and trash discharging. The flood sluice is arranged in the main riverbed.
If the fishway is arranged between the flood sluice and the trash outlet, in dam flood releasing,
it is difficult to ensure the hydraulic conditions at the fishway inlet. Hence, the fishway is
arranged at the right bank of the river far from the flood sluice. In order to decrease the
engineering quantities and fully utilize the existing open diversion channel, the fishway is set
by the side slope of right bank of the open diversion channel.
6.9.2 Design Basis of Fishway

(1) Main fish passage object

Based on the approved Environmental and social impact assessment and environment
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management & monitoring plan” (hereafter called as ESIA), there are migratory fishes in the
project-located Nile River, such as Label Victorians, Scribe intermediacy, Synodontis
afrofischeri and Synodontis victoriae, and it is suggested in the said ESIA report that the
maximum velocity in the fishway should not exceed 1.8m/s, pool depth should be 1~2m and
the pool length should not exceed 6m.
(2) Upstream and downstream water levels
The design standard for flood control for the dam of Karuma HPP is 10000-year flood,
and the flood discharge is 4700m>/s. The water level upstream of the fishway is set as per the
operation water level of the upstream reservoir and is considered between normal pool level
1030m and dead water level 1028m. The downstream water level is taken as the flow
discharge level 1014.0m. Hence, the maximum water level difference of the fishway is 16.0m.
(3) Design velocity of baffle wall
As per the suggestion of ESIA, the maximum velocity in the fishway shall not exceed
1.8m/s.
6.9.3 Structural Layout of Fishway
The dam section of fish ladder is 20.0m wide, the fishway is 320.0m in full length and
5.0m in width, slope gradient i=5.5%, totally 97 baffle walls are set, 8 resting pools are
arranged for the whole fishway and the slope gradient of the resting pools is 2.5%. The
fishway adopts vertical joint structure, the length of water pool of each-stage fishway is 3.0m,
and the width of vertical joint is 1.0m. The baffle wall has length of 4.0m, thickness of 0.25m,
and height of 2.0m. The length of resting pool is twice the water pool length of the fishway,
namely, 6.0m. The outlet inlet elevations of the fishway are 1027.0 m and 1011.0m
respectively.
6.10 Energy Dissipation and Anti-Scouring
(1) Energy dissipation design of flood sluice and sediment sluice
In the Project, the energy dissipation mode by hydraulic jump is adopted for both the
flood sluice and the sediment sluice. The plunge pool is set downstream of the flood sluice
and the sediment sluice and the depth and length of plunge pool shall be checked.
The hydraulic jump formula is derived from the principle of conservation of linear

momentum

2
D2 — _& + M + D12
2 g
Where:D,—downstream conjugate depth (m)
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D;—water depth at contraction location (m)
V1—Velocity at contraction location (m/s)
g —Acceleration of gravity (9.8m/s?).
The downstream conjugate depth is calculated from the formula below:

2 2
H = 29 2+&{ /—8“2+1—1}—D2
8q2 2 gD2
g0z [29 1.1
9b;

Where: H—Difference between upstream and downstream water levels (m);

D,—downstream conjugate depth (m);
g —unit discharge (m);
g —Acceleration of gravity (9.8m/s?)
The calculation formula for plunge pool depth is as follows:
h= D,- D3
Where: h —plunge pool depth (m);
D, —downstream conjugate depth (m);
D3 —tail sill water depth of downstream plunge pool (m)
The calculation formula for plunge pool length is as follows:
Li=5 (h+D3)
Where: Ly—plunge pool length (m);
h —plunge pool depth (m);
D3 —tail sill water depth of downstream plunge pool (m)
As per calculation, the length of plunge pool is 38.98m and is taken as 45.0m. Its
thickness is 1m and crest elevation is 1018.0m. And a 2.5m-high tail sill is set at the tail end.
(2) Energy dissipation design of trash sluice
The design unit discharge of trash sluice is about 17m*/s. From the viewpoint of flow
pattern, the low head dam generally adopts hydraulic jump or surface flow (bucket flow)
energy dissipation mode. Since the release amount of trash sluice is small, and downstream
water level is low, the bucket flow energy dissipation mode is unable to form the hydraulic
jump. After use of underflow and the plunge pool, water cushion is added artificially, as a
result, the energy dissipation effect in the pool is rather obvious, which will mitigate the
scouring of downstream riverbed. Since the trash sluice is located between the sediment sluice
and flood sluice, at this stage, the layout of plunge pool is same as that of sediment sluice and

flood sluice, namely, the plunge pool is 45.0m long, 1m thick, crest elevation is1018.0m and a
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2.5m-high tail sill is set at the tail end.
(3) Energy dissipation design of ecological flow release outlet

The ecological flow release outlet is arranged in the open diversion channel. The bedrock
has rather good conditions, and the both sides are protected by sidewall of the open diversion
channel. At this stage, it is primarily proposed to adopt ski-jump energy dissipation mode. A
10m-long apron is set to protect the dam toe.

6.11 Foundation Treatment

The dam foundation is composed of granite gneiss, hornblende gneiss (totally accounting
for 90%) and amphibolite and it belongs to weakly-slightly weathered rock.

For foundation treatment, consolidation grouting will be used to intensify the bearing
capacity and integrality of the rock mass in dam foundation and improve the loose ring
generated by blasting and excavation of dam foundation. It is primarily considered to conduct
consolidation grouting with row-interval 3m, hole-interval 3m and hole depth 3m. The local
defects of dam foundation(such as fault and joint-intensive belt) will be treated with concrete
plug replacement mode. Meanwhile, the consolidation grouting is made denser to 1.5mx1.5m
and deepened to 10m.

The bedrock of dam foundation is of relative water-resisting layer, and almost no
seepage exist in dam foundation. However, due to limited exploration data, local fractured
rock would be highly permeable. Hence, one row of curtain grouting is arragned upstream of
the dam. The hole-interval is 2m, and the hole depth is 0.5 time the water head, i.e. 6m.

6.12 Water Conveyance Structure
6.12.1 Overall Layout of Headrace And Tailrace Structures

The water conveyance system of Karuma HPP mainly consists of power intake, headrace
tunnel, tailrace adit, tailrace surge chamber, tailrace tunnel and tailrace outfall.

The intake is located at the left bank of Kyoga Nile River, and is adjacent to (D# dam
section at the left bank of the dam, and there is an included angle of about 111.7° between the
intake front edge and the dam axis. The intake adopts bank-tower type structure. For 6 units
of the Project, the layout of one unit in one tunnel is adopted, and totally 6 intake units are
arranged. The intake unit mainly includes the trash rack section, bellmouth and gate tower,
and structural joint is set between units. The single intake has width of 24m, the total width is
144m, and the tower height is 20.5m, and the length along flow direction is 29.4m. The single
intake is totally provided with 3 trash racks, 1 bulkhead gate and 1 emergency gate. The trash
rack pier inclines at 80° angle. The elevation of bottom slab is 1013m, equal to that of bottom
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slab of the gate tower, and the elevatgion of trash rack and gate maintenance platform is
1032m and is connected with crest platform of (D# dam. Each side of 5# bulkhead gate slot is
provided with 1 gate room to store bulkhead gate during the operation period.

About 23.5m upstream of the intake, a sand-guide sill is set and its crest elevation is
1026m and it encloses the intake front edge, and the outside of sand-guide sill is provided
with 7m-wide sand-scour chute, which is directly connected with @# flushing sluice dam
section to discharge the bedload outside the sand-guide sill. A forebay with bottom plate
elevation of 1013m is set upstream of the bottom plate of intake trash rack section and it is
connected with the sand-guide sill with a slope.

There are totally 6 headrace tunnels and the layout of one unit in one tunnel is adopted.
The tunnel length is 391.53m~380.46m, horizontal projection length is about 325.75
m~314.68m. The tunnel axes are arranged in parallel at interval of 21.95~25.5m. The
headrace tunnel mainly includes upper horizontal transition section, vertical shaft (including
upper and lower bend sections) and lower horizontal section, and it is lined with 0.6m-thick
reinforced concrete. The inside diameter of tunnel is 7.7m, length of single vertical shaft
(including upper and lower bend sections) is about 95.78m, and the tunnel adopts circular
section. The horizontal tunnel section is of flat-bottom horseshoe-shape. The upper and lower
bend sections of vertical shaft and 25m section before powerhouse adopt anti-seepage steel
liner.

Totally 6 tailrace adits with respective length of 154.53m~153.73m follow the extension
sections of the draft tube, whose axes are arranged in parallel at interval of 26.5m. The
tailrace adit adopts flat-bottom horseshoe-shape, and after lined with 0.6m-thick reinforced
concrete, the adit has diameter of 7.7m.

The terminal of tailrace adit is connected with tailrace surge chamber, and adopts simple
gallery-type layout, thus, the surge chamber is divided into two independent surge chamber
units and 6 units are divided into two hydraulic units. 30m-wide rock separation pier is set
between two surge chambers and the tops of surge chambers are interconnected. At the
upstream side inside tailrace surge chamber, tailrace bulkhead gate is aranged. Each surge
chamber has length of 145m. For the main body of gate shaft, the bottom slab of surge
chamber is at El. 923.09m, and for the portion without gate at both sides, the bottom slab
elevation of surge chamber is elevated to 937m. The elevation of crown of surge chamber is
989m. The elevation of gate maintenance platform is 975m, and the hoist platform is at El.
982m.
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This Project is totally provided with two tailrace tunnels with respectively length of
about 8544.79m and 8451.41, which are connected with two tailrace surge chambers. The
flat-bottom horseshoe-shaped section is adopted, the tunnel is entirely lined, and the lined
tunnel has a diameter of 12.8m. Two tailrace tunnels are arranged in pararrel, the spacing
between the center lines is about 80m, and after the tunnel axis of the 400m-long section at
the tail end is subjected to a horizontal turning of about 122°, the spacing between the central
lines is decreased to 50m until tailrace outfall.

The tailrace open channel is arranged at the tailrace outfall, and the width is expanded
from 64m to 100.29m, total length is about 80m, and the end is connected with the original
riverbed. The tailrace open channel is divided into bottom horizontal slope section , slope
section and tail end horizontal slope section. The slope section has length of about 29.3m, and
adopts 1:1.5 ratio of slope. The end of slope section is provided with 3m-high concrete
sand-guide sill, and the sill crest elevation is 958.5m. The outfall of tailrace tunnel is provided
with stoplog gate slot. The elevation of bottom slab is 936m, the opening crest elevation is
948.8m, and the elevation of maintenance platform is 964.0m. The stoplog gate is operated by
truck crane, and the maintenance platform is provided with 964m berm to connect with
external permanent access roads. The upstream side of stoplog gate slot is provided with
maintenance shaft. During the maintenance period, the vehicle and small-sized construction
equipment may be lifted through the maintenance shaft into the tailrace tunnel. The rock
separation pier is reserved between two tailrace gate slots and its top is provided with
2-opening gate room to store stoplog gates during the operation period.

The layout of water conveyance system is shown in attached drawing
“H154F-5D7-1_general layout of hydropower station (the recommended scheme)”.

6.12.2 Hydraulic Calculation
6.12.2.1 Calculation of head loss of water conveyance system

The head loss of water conveyance system includes the frictional head loss and the local
head loss. The roughness value for frictional head loss is taken as follows: roughness for
concrete liner n=0.014, and roughness for steel liner n=0.012.

The calculation result of the head loss of 1* water conveyance system (with the longest
pipeline) is as below:

h=2.2216x10"°Q? +6.854x10°q?
Where, Q is the discharge of main tunnel, and q is the discharge of adits. When the

rated discharge Q =564m®/s, q=188m?%/s,
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(O During power generation of 3 units, the head loss of water conveyance system is
about 9.49m;

2 During power generation of 2 units, the head loss of water conveyance system is
about 5.56m:;

(3 During power generation of 1 unit, the head loss of water conveyance system is about
3.21m.
6.12.2.2 Calculation and analysis of transition process of water conveyance system

At this stage, the transition process of water conveyance power generation system is

checked and analyzed on basis of the latest parameters of unit and pipeline.

Pipeline parameters in this stage

Table 6.12.2-1
Pipeline | Length | Equivalentarea | Hydraulic |, . | Local loss Remark

No. (m) (m?) radius (m) g coefficient

1 20.60 46.97 1.70 0.014 0.169 Intake section

2 | 37751 48.97 1.97 0.014 0546 | INtake gate slot to steel
liner starting point

3 25.00 42.91 1.85 0.012 0.074 Steel liner section

4 25.00 27.08 1.47 0.000 0.000 Spiral case section

5 41.50 30.45 1.56 0.000 0.000 Draft tube section

6 155.13 50.04 2.00 0.014 1.551 Tailrace adit section

7 8545.00 139.60 3.33 0.014 1.526 Tailrace tunnel section

(1) Control conditions of calculation

(D The maximum pressure rise value in spiral case &cmax<35% (i.e. below 125.43m)

2 The maximum rising ratio of rotating speed of the unit pmax<55%

(3 The minimum pressure at draft tube inlet >-8m

@ The minimum inner hydraulic pressure at the top along water conveyance pipeline
Hamin>2.0m;

(2) Calculation of operating conditions
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Basic operating conditions for calculation of transition process

Table 6.12.2-2

Calculation
condition

Upstream
water level

(m)

Downstream
water level (m)

Load change

Remark

D1

1030

960

3—0

At upstream  highest  power
generation water level and
downstream mean water level,
accident load rejection during normal
operation of 3 units

D2

1028

960

2—3

At upstream lowest power generation
water level and downstream mean
water level, the third unit is started
and increased to the full load during
normal operation of 2 units

D3

1030

960

2—3—0

At upstream  highest  power
generation water level, and
downstream mean water level, during
normal operation of 2 units, the third
unit is started and increased to the
full load, and at the most
disadvantageous time point, accident
load rejection simultaneously occurs
in 3 units

D4

1030

960

2—0

At upstream  highest  power
generation water level, and
downstream mean water level, 1 unit
stops, and accident load rejection
occurs under normal run of other 2
two units

D5

1030

960

3—0
(50%—0)

At upstream  highest  power
generation  water level and
downstream mean water level, 3 units
operate at 50% rated output and
accident load rejection occurs.

(3) Calculation results

Hysim hydraulic-mechanical transition process calculation software used in several

domestic large- sized and middle-sized hydropower plant projects is utilized to calculate and

analyze the major-fluctuating transition process of the water conveyance and power

generation system, and the main results are listed in Table 6.12.2-3.
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Calculation results of transient process of large fluctuation

Table 6.12.2-3
Calculation I\f:s),(siS:: r;t Minimum pressure Rise of unit miﬂgg 'r\"msnljp;: Mii:tienrr:;m
condition Spiﬁal(cgs)e intet | & drafE ;[TL:I)ae inlet speed (%) level level hegéizi:rfuinnnel
(m) (m) (m)
Contol | <125.43 >-8 <55% <082 |>935.89| 2.0
D1 121.72 4.50 45.07 979.12 | 941.00 8.30
D2 89.87 23.69 0.00 976.42 | 966.17 8.20
D3 122.83 4.22 40.78 979.26 | 940.72 8.21
D4 123.24 11.81 38.75 974.98 | 948.32 8.29
D5 122.23 11.08 19.81 975.43 | 947.58 8.30

The calculation results of controlling operating condition of the transition process are
shown in Fig.6.12.2-1~Fig. 6.12.2-4. The main conclusions are as follows:

1) The maximum hydrodynamic pressure at spiral case inlet occurs in D4 operating
condition, the maximum hydrodynamic pressure is 123.24m, pressure rise ratio is 32.6% and
is below the control requirement of 35%.

2) The minimum hydrodynamic pressure at draft tube inlet occurs in D3 operating
condition, and the value is 4.22m, meeting the control requirement for vacuum and there is a
big margin.

3) The maximum rising ratio of rotating speed of unit occurs in D1 operating condition,
and the corresponding value is 45.07%, which is below the control requirement of 55%.

4) The maximum surge level of tailrace surge chamber occurs in D3 operating condition,
and the value is 979.26m.

5)
condition, and the value is 940.72m.

The minimum surge level of tailrace surge chamber occurs in D3 operating

6) The minimum inner hydraulic pressure at the tunnel top along the headrace tunnel is

above 2.0m.
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Fig. 6.12.2-4 Change process of surge chamber water level in D3 operating condition
6.12.3 Intake
6.12.3.1 Selection of intake position

Through comparison, in order to avoid the downstream diamond-shaped plunge sill area
with disadvantageous geological conditions, the upper dam axis was selected as the dam axis
and the corresponding position is translated upstream for 30m.

The power intake layout and the relative position of the dam remain unchanged, so, the
intake position was also subjected to comparative selection of upper and lower positions.
From the topographic and geological conditions, there is no difference, finally, in combination
with the recommended dam axis scheme, the overall intake structure (including trash rack and
gate tower) is also translated upstream to smoothly connect with the dam, thus, the upper
intake scheme was finalized.

6.12.3. 2 Structural layout

For Karuma HPP, the power intake is located at the left bank of Victoria Nile River, and
is adjacent to (D# dam section at the left bank of the dam. The intake front edge and dam axis
form an included angle of 111.7°, and together with the dam, the layout of “ forward flood
releasing and flushing and sidewise intaking” is formed. The intake adopts bank-tower type
structure in combination with topographic and geological conditions. 6 units of the Project are
arranged in the mode of one unit in one tunnel and is totally provided with 6 intake units in a
straight-line mode. The intake unit mainly includes trash rack section, bell mouth and gate
tower, and structural joint is set between units. The single intake has width of 24m and total
width of 144m. The tower height is 20.5m and the length along flow direction is 29.4m.

The most front edge of intake tower is provided with trash rack pier at 80° dip angle to
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arrange trash rack slot and raking slot. The elevation of trash rack bottom slab is 1013m, and
that of maintenance platform is 1032m. The trash rack of a single intake unit has 3 openings
in all (opening width 5.0m and height 19m). Both sides are 2m-wide side piers, which forms
enclosed structure with bellmouth concrete wall. There are 2 intermediate piers in the middle,
and the pier body has a thickness of 2.5m. At rated discharge 188m?/s, the gross velocity
passing the trash rack is small and about 0.836m/s, which is advantageous to head loss and
flow regime for the complex intake structure. The transverse connection beam is set between
trash rack piers to increase sidewise rigidity. For strengthening overall impermeability of the
intake, 4 copper waterstops are set in structural joints between side piers of the adjacent intake
unit, and the head and tail are arranged with 2 waterstops respectively.

The side walls at both side of bellmouth and crown are transited with oval curve to
improve flow regime and decrease intake head loss. The bellmouth has bottom slab elevation
of 1013.0m, and the section after bellmouth is a rectangular with width 6.1m and height 7.7m.

X? Y?
(0.55B)? ' (0214B)°

The profile of sidewalls at both side is set as per the formula 1, and

2 2
XY e
36° 1.31

B is tunnel width. If B is 6.1m, the profile curve of both sidewalls is

X 2 y?
+
(1.1D)° ' (0.291D)’

crown profile is set as per the formula =1, and d is tunnel height. If d

X2 Y?

+ —=
8.47% 2247
The gate section is provided with two gates, the upstream side is bulkhead gate, and the

IS 7.7m, the crown profile curve is

downstream side is emergency gate. They are both flat steel gate and their opening
dimensions are both 6.1x7.7m. Six intake units are totally provided with 2 bulkhead gates.
The lifting equipment adopts traveling winch, a gate room is arranged respectively at both
sides of 5# bulkhead gate to store bulkhead gate during the operation period. Totally 6
emergency gates are arranged, and they are lifted with stationary winch. The supporting frame
of hoist is of steel structure. The emergency gates in all flow channel are provided with one
®1.4m ventilation hole. The bottom slab elevations of gate tower and the trash rack are both
1013m, and the elevation of gate maintenance platform is 1032m.

The elevation of intake platform (including trash rack and the platform at gate tower top)
is equal to dam crest elevation (1032m), and is 2.0m higher than the highest operating water

level. The intake is connected with (D# dam section to form a traffic passage. At the
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diversion transition section between the downstream part of the gate tower and side slope, and
the top of upper bend section, rock ballast is back-filled to EI. 1032m, and plain concrete is
backfilled for enclosure at both ends of the platform adjacent to the side slope. The side slope
above EIl. 1032m is back-filled with tunnel slag to slope top at gentle gradient and slag surface
is provided with one cemented-rock protective facing. The space between gate towers are
backfilled with rock ballast and the top is spread with 50cm-thick concrete face slab.

At this stage, the measured topographic conditions are generally higher than those
provided by the Project Employer at tendering stage. In order to avoid excavation of deep
groove, mitigate construction difficulty and facilitate flushing effect, the intake sediment
control scheme and the scheme in previous feasibility study are subjected to comparison and
study. In the previous scheme, the front edge of intake trash rack is connected with
sand-flushing bottom outlet, while in scheme at this stage, the sand-guide sill at the front edge
of intake is connected with sand-flushing bottom outlet. The comparison shows that scheme at
this stage is technically feasible and economical and the selected layout is as follows: The
bottom slab elevation of sand-flushing bottom outlet is elevated to 1020.5m, the sand-guide
sill is set upstream of the intake to intercept bedload, the sill is 23.5m from the intake invert,
with bottom elevation of 1026m, and total length of about 208m. The intake is enclosed with
three folded lines from upstream side slope of 1# unit to ®# water retaining dam section to
intercept the bedload below EI. 1026m. The outside of sand-guide sill is provided with
sand-scour chute with width of 7~10m and bottom slope of 1.82%. The elevation of the start
point of the chute bottom slab is 1024m and the elevation of the end point is 1020.5m, and it
is connected with @# flushing sluice dam section. The forebay with bottom width of 12m
between the sand-guide sill and the trash rack in the previous scheme is reserved, whose
bottom plate elevation is to elevated to 1013m to become flush with the intake invert. The
forebay and the sand-guide sill are connected through 1:1 slope.
6.12.3.3 Determination of intake invert elevation

The elevation of power intake invert (denoting the invert at the intake gate opening
herein) shall meet the following requirements:

(1) As per the engineering experience in hydropower plants at home and abroad, the
minimum submergence depth at intake may be calculated with Gordon formula, i.e.
S=Cvd"?,

Where: S--intake submergence depth, m

v--mean velocity after gate opening, about 4.0m/s
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d--gate opening height, 7.7m
C--coefficient related with geometry of intake, 0.55 for symmetrical water flow
and 0.73 for complex water flow conditions. In this Project, the front edge of intake is wide,
the flow regime is good, and the value is taken as the mean value, 0.65.
The calculation with Gordon formula shows that if minimum submergence depth S is
7.22m, the corresponding elevation of intake invert shall not be above 1013.08m.
(2) When the reservoir operates at dead water level or the lowest water level, the
minimum submergence depth at intake shall meet the water depth requirements of generating
no suction vortex. Generally, for the large- and middle-sized projects, Froude value at the

front edge of intake shall be below 0.33, i.e. F, =v(gd)"? <0.33,
Where: F, —Froude value at intake generating no suction vortex;

v—oVelocity at bellmouth front edge, 2.17m/s;
d—nheight of bellmouth front edge, 9.94m

The calculation shows that F, =0.22 <0.33  meeting the requirements.

(3) In addition to meeting above-mentioned Mand @ requirements, the requirements
of sediment control and flushing at the intake shall be met as well.

In one word, in combination with calculation result with Gordon formula, selection of
elevation of intake bottom slab at 1013.0m meets the requirement of minimum submergence
depth. The sediment concentration of Nile River section is very low (merely 8.7mg/L) and
perfect flushing facilities are set, thus the trash rack bottom slab and intake invert are set at
the same height.
6.12.3.4 Foundation treatment and design of side slope support

(1) The local lower limit depth of strongly weathered of the intake near the
downstream side of the river is 29-30.2m, local region of bottom slab of structures such as
gate tower is located in strongly weathered granite gneiss stratum and shall be treated through
removal and replacement of concrete depending on the reveals in site excavation. The
strongly weathered rock stratum is generally slightly permeable. The bottom slab of other
locations elsewhere of the intake is located at weakly weathered granite gneiss stratum, and in
general the rock stratum is slightly permeable -extremely slightly permeable. The bearing
capacity of each stratum and the foundation deformation meet requirements.

Hence, in order to further improve foundation’s bearing capacity and integral stability
and avoid uneven settlement, the intake foundation will be subjected to consolidation grouting

treatment, the row-interval of grouting holes is 2.5m, the hole depth is 5.0m and the grouting
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pressure is 1.5MPa.

(2) The natural side slope at intake has height of about 25-29m, at dip angle of about
15-26°. The side slope mainly consists of silty clay and a few alluvial fragmented stone soil. It
is low plasticity to non-plasticity. The burial depth of underground water level is generally
5-15m. The slope toe is located by the Nile River side, but bedrock outcrops. The natural side
slope is integrally stable.

The excavation ratio of slope for the side slope below intake EI. 1032m is 1:0.75~1:1,
and that above EIl. 1032m is 1:1.4. The ratio of slope of rock side slope is 1:1, top overburden
side slope is cut with 1:2 gentle slope. The side slope berm has width of 3m and in-stage
height is 7.5m.

The side slope below El. 1032m and outside the main structure of intake is entirely
backfilled to EI. 1032m, and the forward and lateral high side slope above El. 1032m at early
period is supported to ensure stability during construction period and at late period is
backfilled with tunnel slag to slope top in form of gentle slope (ratio of slope 1:2), and the
slag surface is provided with one 30cm-thick cemented-rock protective facing. The shotcrete
and bolt support parameters for side slope are divided as per late-period backfill area and non-
backfill area. The support shall be made on the principle indicated in the table below in the

light of the actual revealed conditions of the site stratum to ensure side slope permanent

stability.
Support principles for intake side slope
Table 6.12.3-1
. Geological . Secondary
Position classification Primary support support
Late-phase C25 shotcrete, thickness 8cm; random steel mesh | With tunnel
non Overburden | ©6.5@20x20cm; slag
vertical ) ) backfilled to
side slope random drain holes, ®50@3.0m, 2.0m into rock slope top at
of backfill entle slope,
area Spot rock bolts ®25,L.=4.5m; C25 shotcrete, sﬁrface S rpead
Above | Completely and | thickness 8cm: 'thp
EL strongly wi
1032m | weathered |random steel mesh, ®6.5@20x20cm, random cemented-rock
drain holes, ®50, 2.0m into rock face slab

Spot rock bolts 25, L=4.5m; C25 shotcrete,

Weakly thickness 5¢cm;
weathered

random drain holes ®50, 2.0m into rock

Below [Completely and | Pattern rock bolts ®25@1.5x1.5m,L=4.5m; C25
EL strongly shotcrete, thickness 10cm, pattern steel mesh
1032m weathered | ®6.5@20x20cm
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Position cgggilfci)g:t:i%ln Primary support Sgﬁggg?try
Weakly Random rock bolts ®25, L=4.5m, C25 shotcrete,
weathered  |thickness 5¢cm;
C25 shotcrete, thickness 10cm; pattern steel mesh
Overburden | ®6.5@20x20cm; pattern drain holes
Above O50@3.0m, 5.0m into rock
EL -
Non 1032m | Completely and Pattern rock_bolts O25@1.5x1.5m,L=4.5m; C25
vertical strongly shotcrete, thickness 10cm; pa_lttern steel mesh
side slope weathered | P6.5@20x20cm; pattern drain holes
of non ®50@3.0m, 5.0m into rock /
-backfill
area Completely and | Pattern rock bolts ®25@1.5x1.5m,L=4.5m; C25
Below strongly shotcrete, thickness 10cm; pattern steel mesh
El. weathered | 96.5@20x20cm
1032m
Weakly Random rock bolts ®25, L=4.5m; C25 shotcrete,
weathered | thickness 5cm
Pattern rock bolts ®25@2.0x2.0m,L=4.5m; C25
Trench excavation shotcrete, thickness 5¢cm, including random steel Structure
below 1032m and |Weakly-slightly | mesh concrete
vertical side slope weathered | ®6.5@20x20cm for high vertical side slope lining
of headrace shaft headrace shaft, shotcrete thickness 8cm for place
with steel mesh

6.12.3.5 Calculation of integral stability of intake

The stability calculation of intake mainly includes the calculation of stability against
sliding, overturning and floating, as well as foundation bearing capacity.

(1) Calculation data

(O Calculation basis

1) Army Corps of Engineers: Engineer Manual “Gravity Dam Design” (EM
1110-2-2200)

2) Guidelines for Design of Intakes for Hydroelectric Plants, ASCE

@ Operating conditions for calculation

For stability calculation of intake, the following operating conditions are considered as
shown in Table 6.12.3-2.
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Table of operating conditions for stability calculation of intake

Table 6.12.3-2
. . Foundation bearing S . . Against
Operating condition capacity Anti-sliding | Anti-floating overtuming
Normal operation condition \ \ V
After construction completion of the N N N
Project
Maintenance condition \ \ \ \
Earthquake condition in normal N N N
operation

® Combination of loads

According to related requirements of “Gravity Dam Design” (EM 1110-2-2200), the
stability calculation mainly considers the following loads: O tower dead weight (structure
weight and permanent equipment weight), @ static hydraulic pressure, @ live load at
hoisting, @ wind pressure, & wave pressure, ©® uplift pressure; @ seismic load. In
which, @ live load at hoisting is merely considered at calculation of foundation bearing
capacity; @ wind pressure and & wave pressure are very small and would be neglected;
@ seismic load is dynamic load, and it is calculated with quasi-static method with
consideration of horizontal earthquake effect. The calculation of combined loads under each

operating condition is shown in Table 6.12.3-3.

Calculation of combined loads

Table 6.12.3-3
A I T
@® @ ® © @
Normal operation \ \ \ \/
After construction_completion of N N
the Project
Maintenance condition v \
Normal operation +earthquake \ \/

(2) Stability calculation
@ Calculation of anti-sliding
The intake is located on weakly weathered bedrock and the rock has good integrality.

The left side of intake is adjacent to hillslope, the right side is adjacent to (D# dam section,
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and the rear side is adjacent to the upper headrace horizontal transition section and the upper

bend sections. Generally, there is no space for slide failure, and the horizontal acting loads
basically keep equilibrium, thus the anti-sliding stability of intake is safe. Since no big
structural surface exists in the intake bedrock, the anti-sliding stability of deep layer is also
safe.

However, in consideration of effect of horizontal earthquake under earthquake condition,
the anti-sliding stability under earthquake condition shall be checked and calculated. In
accordance with “Gravity Dam Design” (EM 1110-2-2200), the overall anti-sliding stability at
intake may be calculated with the following shear strength formula:

_ Wf'+c'A
H

Fs

Where:
Fs—safety coefficient against sliding;
W —Sum of all normal forces applied onto the foundation calculation face,
(positive downward), kN;

f '—Friction coefficient between intake and foundation base;

¢ —Adhesion coefficient between intake and foundation base;
H —Sum of all horizontal forces applied onto the intake tower, (positive in
backflow direction), kN;
A —Sectional area of foundation bottom calculation face, m?
The calculation results are shown in Table 6.12.3-4.

Table of calculation results of stability against sliding

Table 6.12.3-4
oN:rr::iiln gﬁratég%f?ggg;ogf Maintenance | Normal operation
peratl P condition + earthquake
condition the Project
Anti-sliding force  (kN) 58555.09 98480.22 58587.59 58555.09
Sliding force  (kN) 0.00 0.00 -7139.33 11179.04
Safety coefflt_:lent against Infinity Infinity Infinity 524
sliding
Army Corps of >2.0 >2.0 >1.7 >1.3
Engineers: “EM meeting meeting requirements meeting meeting
1110-2-2200” standard | requirements greq requirements | requirements
“FERC” standard cited in >3.0 >3.0 >2.0 >1.0
ASCE  “Intake Design meeting meeting requirements meeting meeting
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Normal
operation
condition

after

Operating condition
completion of

the Project

Maintenance
condition

Normal operation
+ earthquake

Guideline”

requirements

requirements

requirements

Note: Sliding force below 0 indicates that the resultant force is along the water flow direction.

@ Calculation of stability against overturning
In accordance with “Gravity Dam Design” (EM 1110-2-2200), the stability of intake

against overturning is calculated with the following formula:

Where:

F,—safety coefficient against overturning;

M, —sum of moments against overturning at a point, KN.m;

M ,—sum of overturning moments at a point, KN.m

TR BCR WK 6.12.3-5.

The calculation results are shown in Table 6.12.3-5.

Table of calculation results of stability against overturning

Table 6.12.3-5
Operating Operating Operating | Operating condition for
condition for | condition for | condition for normal run +
normal run completion | maintenance earthquake
Against OV?mrr’:]')”g MOMENt | 5993244 | 1430197.75 | 1454980.37 850932.44
overturning moment (kN-m) 0.00 0.00 573359.17 100823.72
against overturning safety Infinity Infinity 2.54 8.53
coefficient
>3.0 >3.0 >2.0 >10
“FERC standard” cited in ASCE ) ) ) '
“Intake design guideline” meeting meeting meeting

requirements

requirements

requirements

meeting requirements

(3 Calculation of anti-floating

In accordance with “Gravity Dam Design” (EM 1110-2-2200), structure anti-floating

stability is calculated with the following formula:

Where:

1-253




Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

F, —anti-floating safety coefficient;

W, —Sum of all downward normal forces applied on foundation calculation face,

KN;
W,—Sum of all upward normal forces applied on foundation calculation face, kN.
The calculation results are shown in Table 6.12.3-6.
Table of calculation results of anti-floating stability
Table 6.12.3-6
After
Normal operation construction Maintenance| Normal operation +
A completion . -
condition condition earthquake condition
of the
Project
Vertical downward resultant (KN) / / 108967.00 /
Vertical upward resultant (KN) / / 44325.14 /
Anti-floating safety coefficient / / 2.46 /
“FERC standard” cited in ASCE >2.0
“Intake Design Guideline” / / . /
meeting
requirements

Note: “/”” here denotes that after analysis, the operating condition where the possibility of anti-floating
destabilization does not exist is not calculated.

@ Calculation of foundation stress
In accordance with “Gravity Dam Design” (EM 1110-2-2200), the normal stress applied
on the intake foundation face under the effect of load may be calculated with the following
formula:
W My
AT ZT
Where: o — normal stress applied on downstream face of intake foundation, kPa;
W —Sum of all normal forces applied onto the foundation calculation face,
(positive downward), Kn;

ZM —Sum of all moments applied on the centroid of foundation calculation
face, kN-m;
y —distance between margin of calculation and axis of sectional centroid, m;

J —inertia moment of foundation calculation section to centroidal axis, m*:
A —Area of bottom calculation section of foundation, m?
The calculation results are shown in Table 6.12.3-7.
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Table of calculation results of bottom stress

Table 6.12.3-7
Norm_al Completion | Maintenance | Normal operation +
operation L - L Remark
- condition | condition |earthquake condition
condition
Vertical resultant (kN) |  64605.75 | 108967.00 | 64641.87 64605.75 (positive
downward)
(positive in
Horizontal resultant 0.00 0.00 -7139 33 11179.04 backwater
(kN) flow
direction)
Resultant moment (positive for
-99027.82 | -146821.37 | -120972.25 1795.90 counterclock
(KN.m) ;
wise)
Mean stress of
foundation base(kPa) 126.09 212.66 126.16 126.09
Stress on downstream 181.08 20420 | 193.34 125.09
footing point (kPa)
Stress on upstream
footing point (kPa) 89.33 158.17 81.26 126.75

As per the geological report, the bearing capacity of strongly weathered granite gneiss
stratum foundation at the intake is 1~2MPa, and that of the weakly weathered granite gneiss
stratum is 3-5MPa, the maximum bottom stress in the table is 0.3MPa, and thus it meets
requirement for foundation bearing capacity.

From the above-mentioned calculation results, it is clear that, the bottom stress,
anti-floating stability, anti-sliding stability, and anti-overturning stability of each portion of
intake conform to US standard, i.e. the intake meets requirement for integral stability.

6.12.4 Headrace Tunnel
6.12.4.1 Comparison of types of headrace tunnel section

The water head of Karuma HPP is not high and the variation of head loss greatly affects
the output of hydropower plant, hence, the head loss shall be minimized. As per the general
experience, 4~5m/s velocity in headrace tunnel is adequate. If the headrace tunnel adopts
circular section with diameter 7.7m, the velocity may reach about 4.0m/s.

“Civil

Developments ”(ASCE), the typical sections of hydraulic tunnel mainly include circular

As per Engineering Guidelines for Planning and Designing Hydroelectric

section, inverted U-shape section, four-center circular horse-shoe type section and flat-bottom
horse-shoe type section. The circular section lining structure has the best stressing conditions,
secondly the four-center circular horse-shoe type, then the flat-bottom horse-shoe type and the
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inverted U-shape type. The burial depth of lower horizontal section of headrace tunnel is
above 110m, the tunnel is entirely located at slightly weathered rock stratum mainly of
Classes II-111 and the geostress of surrounding rocks is not high. The check shows that the
flat-bottom horse-shoe type section can meet stressing requirements. In addition, in
concreting of tunnel bottom slab, the flat-bottom horse-shoe type section has great
construction superiority, compared to the circular and four-center circular horse-shoe type
section selected by Indian Corporation. It requires no formwork for concreting pouring of
bottom slab and the construction progress can be guaranteed. Hence, after comprehensive
consideration, it is recommended that except the headrace shaft, other sections of headrace
tunnel adopts flat-bottom horse-shoe type section with diameter 7.7m, bottom slab width
6.0m, and lining thickness 0.6m. In consideration of surrounding rock conditions of upper
shaft section, convenience of excavation construction, and decreasing abrasion of upper and
lower bend sections, the headrace shaft adopts circular section with diameter of 7.7m and
circular steel lining is used at the upper and lower bend.
6.12.4.2 Selection of lining types of the headrace tunnel

It is required in the Tendering Documents that the design of water conveyance system
shall ensure total head loss below 9.5m. Thus, the head loss in the water conveyance system
shall be minimized. Since the water conveyance system is short, the underground powerhouse
is close to the upstream riverbed, the operation safety of the water conveyance system is
essentially important to safe operation of the powerhouse, so the entire headrace tunnel adopts
reinforced concrete lining and steel plate lining with low roughness and good impermeability.

In order to decrease the impact and abrasion to the reinforced concrete lining by water
flow at upper and lower bend and further decrease the head loss, the stee liner with inner
diameter of 7.7m is arranged at the upper and lower bend sections. From the domestic and
foreign engineering experience, steel liner is generally set downstream the powerhouse
against seepage, the steel liner length is generally required to be 0.25~0.3 time the static head.
Thus, the upstream side of the powerhouse is provided with 25m-long steel liner to extend the
seepage path, and alleviate the drainage burden of underground powerhouse. Except for
above-mentioned location, the headrace tunnel adopts reinforced concrete lining.
6.12.4.3 Structural layout of headrace tunnel

Totally 6 headrace tunnels are arranged in the form of one unit in one tunnel. The tunnel
has length of 391.53m-380.46m, and horizontal projection length is about 325.75 m~314.68m.

The headrace tunnel mainly includes upper horizontal transition section, vertical shaft
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(including upper and lower bend sections) and lower horizontal section.

The downstream side of intake gate tower is connected with 10m-long transition section
changing from rectangular to circular, and the rectangular section in dimensions of 6.1x7.7m
is gradually changed to a flat-bottom horseshoe-shaped section with inside diameter of ¢7.7m,
the azimuth of transition section axis is S45°W and the interval is 24m. Due to shallow burial
depth and thick overburden, the upper horizontal portion of headrace tunnel adopts open
excavation method, and at the rated discharge, the velocity of upper horizontal section is
about 4.02m/s.

The length of vertical shaft (including upper and lower bend sections) is about 95.78m,
in which, vertical turning radius of the upper and lower bend sections is 15m. The vertical
shaft adopts circular section, 7.7m in diameter, and the lining thickness is 0.6m. At the rated
discharge, the velocity of vertical shaft is about 4.04m/s.

The lower horizontal section of the headrace tunnel has length of 285.75m~274.68m,
including 25m long steel liner in front of the plant. The tunnel axis of lower horizontal section
IS turned horizontally from S69°W to S51°W, the turning angle is 18°, and the axis interval is
21.95m~25.5m. The lower horizontal section adopts flat-bottom horseshoe-shaped section,
the end of lower bend sections and the steel lined section in front of plant are connected with
the lower horizontal section through 10m-long transition section. At the rated discharge, lower
horizontal section velocity is about 3.76m/s.
6.12.4.4 Structural design of headrace tunnel lining

The headrace tunnel is located in biotite granite gneiss, the mean burial depth of upper
horizontal section is about 18-32m, thickness of overlying bedrock (calculated on basis of
lower limit of strong weathering) is about 0-8m, the mean burial depth of lower horizontal
section is about 110-115m, overlying bedrock (calculated on basis of lower limit of strong
weathering) is about 70-90m.

The geological conditions along the entire headrace tunnel are rather good, due to the
surrounding rock’s load-bearing and anti-seepage under effect of inner hydraulic pressure, the
reinforced concrete lining will play a role of auxiliary anti-seepage and decreaseing the
roughness. When the surrounding rocks along the headrace tunnel meets Norway criterion,
the minimum geostress criterion and the permeability criterion, use of concrete lining in most
tunnel sections will ensure safety and permeable stability of headrace tunnel and will not
result in permeable failure to adjacent structures such as underground powerhouse and side

slope of mountain.
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(O Norway criterion:
Norway criterion is the empirical criterion, its principle is that the minimum weight of
overlying rock of the unlined tunnel shall not be below in-tunnel hydraulic pressure
multiplying by 1.3~1.5 times of safety coefficient, and prevent the surrounding rocks from
not being uplifted under the action of the maximum inner hydraulic pressure. The calculation
formula is as follows:
yuxH
¥, XCOS [

Where: L——The shortest distance from the calculation point to ground (m) (calculated

L> F

to the lower limit of the strongly weathered rock);
S ——Mean gradient of slope, taking 0° in this calculation;
H——inner static hydraulic pressure in calculation point (m);

7.7, ——unit weight of water, unit weight of rock;

F——safety coefficient (generally taking 1.3~1.5)
The comparison of measured data of global 56 projects shows that the criterion is
reliable and reasonable and is widely used in Chinese hydropower projects. The diagram of
Norway criterion are shown in Fig.6.12.4-1.

| BRER

T

Fig. 6.12.4-1 Diagram of Norway criterion parameters

The burial depth is checked on as per Norway criterion, the maximum static head of
lower horizontal section of the headrace tunnel is about 92m, the calculated burial depth
required to bear the inner hydraulic pressure is about 55m, and the actual burial depth can
conform to Norway criterion.

@ minimum geostress criterion:

The minimum geostress criterion is established on basis of the concept that “pre-stress of

rock exists in geostress field”, its principle is that minimum principal stress of surrounding
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rock at any point along the tunnel shall be above the in-tunnel static hydraulic pressure at the
said point.

The land block in this Project area is relatively stable, the burial depth is low, and the
structural stress and residual stress are small. Due to low burial depth of surrounding rocks,

the estimation is primarily made on basis of rock mass dead weight stress (7 x H ). At burial

depth of 80m, the dead weight stress is about 2.0MPa, the maximum static head of headrace
tunnel is 92m, and is primarily judged to conform to the minimum geostress criterion. At the
technical design stage, the geostress shall be further tested to verify the geostress level in the
Project area.

(3 Permeability criterion:

The principle of permeability criterion is to check permeable performances in rock and
fissure and judge whether they meet requirement for permeable stability, i.e. outward seepage
of inner water does not increase with time or abruptly increase. The judgment standard of
permeability criterion generally includes two aspects: 1) As per the specification of hydraulic
tunnel, under the effect of design inner hydraulic pressure, the permeability of surrounding
rocks (or after grouting) g<1.0Lu. 2) On basis of the engineering experience, the long-term
stable permeable hydraulic gradient in the condition of Classes Il and Il hard surrounding

rocks shall be generally controlled below 10~15.

The lower horizontal section of headrace tunnel is slightly permeable -extremely slightly
permeable, the rock thickness between the lower horizontal section and the upstream lower
drainage gallery of powerhouse is about 12m, and at the maximum static head, the hydraulic
gradient is about 7.7.

In summary, the surrounding rocks of headrace tunnel conform to Norway criterion, the
minimum geostress criterion and permeability criterion, and the structure lined with
reinforced concrete is feasible.

In order to consolidate surrounding rocks, improve the permeable performances of
surrounding rocks, surrounding rocks of Classes Il to V in the headrace tunnel are subjected
to consolidation grouting, the row-interval is 3.0m, each row has 12 holes, rock penetration
depth of the holes is 3.5m, and the grouting pressure is 1.5MPa.
6.12.4.5 Support design of headrace tunnel

The underground cavern support of hydropower projects is designed generally with
reference to the support requirement proposed by Q system (Barton), as shown in
Fig.6.12.4-2.
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Fig. 6.12.4-2 Diagram of support parameters recommended by Q system (Barton)

In accordance with support experience in underground caverns of hydropower projects at

home and abroad and in combination with diagram of support parameters recommended by Q

system (Barton) , support parameters raised for headrace tunnel are shown in Table 6.12.4-1.

Table of parameters of headrace tunnel support

Table 6.12.4-1

Classification
of surrounding

Support parameters of horizontal tunnel

Support parameters of vertical shaft

0.3m

rocks
(RMR)
Class I ~1I Random rock bolts ®22, L=3.0m, random|Random rock bolts ®22, L=3.0m, C25
(100~61) | C25 shotcrete 5¢cm shotcrete 5cm
Good in Class 111 Crown pattern rock bolts ®22, L=3.0m, |Pattern rock bolts ®22, L=3.0m, interval
interval 2.0m, C25 shotcrete 10cm,|2.0m, C25 shotcrete 10cm, random steel
(60~51)
random steel mesh mesh
Poor in Class Il | Pattern rock bolts ®25, L=4.5m, interval | Pattern rock bolts ®25, L=4.5m, interval
(50~41) 2.0m, steel mesh, C25 shotcrete 10cm 2.0m, steel meash, C25 shotcrete 10cm
Pattern rock bolts ®25, L=4.5m, interval
Class IV 1.5m, CF25 steel fibre shotcrete 5cm and | Pattern rock bolts ®25, L=4.5m, interval
40~21 steel mesh, C25 shotcrete 5cm, crown|1.5m, CF25 steel fibre shotcrete 5cm and
( ) random rebar arch rib 3®25, random |steel mesh, C25 shotcrete 5cm
advance rock bolts ®28, L=6.0m
Pattern rock bolts ®28, L=6.0m, interval | Pattern rock bolts ®28, L=6.0m, interval
1.0m, CF25 steel fibre shotcrete 5cm and | 1.0m, CF25 steel fibre shotcrete 5cm and
Class V steel mesh, C25 shotcrete 10cm, H20a|steel mesh, C25 shotcrete 10cm, H20a
(20~1) shaped-steel arch frame, interval 0.75m, |shaped-steel arch frame, interval 1.0m,
advance ductule ®42, L=4.0m, interval|advance ductule ®42, L=4.0m, interval

0.3m
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6.12.5 Design of Surge Chamber
6.12.5.1 Judgment of headrace surge chamber

In this Project, the underground powerhouse adopts headrace development mode and the
headrace tunnel is short. However, due to relatively low head and relatively large discharge, it
is still necessary to check whether the headrace surge chamber is needed to arranged
upstream, and generally it is judged with water flow inertia time constant T,, of penstock and
the judgment formula is as follows:

TW >[Tw]’ TW :ZLiVi/ng

Where: T,,— water flow inertia time constant in pressure waterway, s;
Li—Ilength of pressure tunnel, spiral case and draft tube, m;
Vi—corresponding velocity in each sub-section, m/s;

g—Acceleration of gravity, m/s’;

Hy—design head, m;

[Tw] — allowable value of T,,, generally not larger than 4~5s.

The calculation shows that T, =4.31s, and is between 4~5s. In judging the setting of

headrace surge chamber in accordance with USA standard, the unit speed-regulating
performance is mainly judged on basis of the relationship between water flow inertia time
constant T, and unit acceleration time constant T,. The region with good speed-regulating

performance shall be selected. In this Project, T, =4.31s,T, =10.89s. Judged in accordance

with speed-regulating performance judgment diagram as shown in Fig.3.1.2 of “Specifications
for Design of Surge Chamber of Hydropower Stations” (DL/T 5058-1996), which is also used
by United States Bureau of Reclamation and Tennessee Valley Authority, the Project is in the
region with good speed-regulating performance, and thus it is unnecessary to set headrace
surge chamber.
6.12.5.2 Judgment of layout of tailrace surge chamber

The water conveyance and power generation system is provided with downstream surge
chamber under the prerequisite that no liquid column separation is generated in the draft tube.
In conventional hydropower plants, the primary judgment of the necessity shall be made with

the following formula:

V2
T, 6V Ve
v 900 29

L, >

wo

Where: L,, —Length of tailrace waterway and draft tube, which is the limit length to ensure no
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liquid column separation in the draft tube, m;

T, —Effective closing time of guide vane of turbine, in this Project, taking 12s;
V.o —Mean velocity in tailrace waterway during stable operation, m/s;

V,;— Mean velocity at draft tube inlet after the turbine runner, m/s;

H ,—draft height, m;

V —unit installation elevation, m

Estimated with the above-mentioned judgment formula, L, >435m, i.e. the limit length

which ensures no liquid column separation in the draft tube is 435m. In this Project, the total
length of tailrace system (one tailrace tunnel) is about 8545m, and thus tailrace surge
chamber shall be set.

In addition, from USA design experience in hydropower plant projects, the judgment
condition for setting surge chamber in tailrace system is: LV >1800m?/s. In this Project,
the mean velocity of tailrace tunnel is about 3.22m/s, the total length of tailrace system is
about 8545m, and the XLV value is much greater than 1800m? /s, on basis of which, tailrace
surge chamber shall be set.
6.12.5.3 Calculation of Thomas stable section of tailrace surge chamber

In case of fluctuation of water level in surge chamber, generally, the stable section area
required for surge chamber shall be calculated with Thomas criterion. Thomas formula
determines the section area on basis of stability of small fluctuation of isolated hydropower
plant. If the small fluctuation stability is not guaranteed, the big fluctuation shall surely be
unable to decay or converge.

F =KF,

£ Lf
™" 2ga(H, —h,o—3h,,)

Where: F,, —Thomas critical stable section area, m?;

L —length of tailrace waterway, m;

f —sectional area of tailrace waterway, m*;
H,—minimum gross head for power generation, m;
a —head loss coefficient from tailrace surge chamber to
downstream riverbed « =h,,/v? (including local head loss and linear

head loss);
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v—mean velocity of tailrace waterway, m/s;

h,,—head loss of tailrace waterway, m;

h,,—total head loss of upstream waterwayof tailrace surge chamber (i.e. tailrace adit),

K —coefficient, generally 1.0~1.1
Thomas stable area value calculated with above-mentioned formula is about 2621m?.
The actual section shall be determined in combination with structure layout of tailrace surge
chamber, surge level calculation results, and small fluctuation stability.

Sectional area of surge chamber taken along the elevation

Table 6.12.5-1
Item Parameter Remark
El. 937~975m Net area 2809.54m? Main body of surge chamber
Above EI. 975m Net area 2996.49m* Maintenance platform ~hoist platform

In comprehensive consideration of structure layout, the values of section area at each
location of the tailrace surge chamber taken as per Table 6.12.5-1 meet requirement of
Thomas stable area, and the check controls the surge chamber height, maximum surge level
and the minimum surge level within the appropriate range.
6.12.5.4 Comparison of overall layout scheme for tailrace surge chamber

In the Feasibility Study Report by Indian Corporation, the surge chamber overall layout
scheme is that perpendicular to six tailrace adits sets a gallery-type tailrace surge chamber
with length, width, and height of 200m, 20m and 29m, and the downstream side of gallery is
connected with three surge tunnels with diameter of 12m and length of 2000m.

The water volume in tailrace tunnel of the Project is huge and the required stable section
area is large. If the surge chamber is designed as circular section, the single surge chamber
diameter indicated by the check is above 60m. Hence, as per the general engineering
experience, layout mode of gallery-type surge chamber across the tailrace tunnel is suitable.

In Feasibility Study Report by Indian Corporation, the scheme of tailrace surge tunnel is
designed as the means to inhibit the minimum surge level in tailrace surge chamber, the check
result of transition process calculation shows that most space of the 3 tailrace surge tunnels
are located below the minimum surge level and its regulation of surge level is limited, and the
investment in excavation, support, and lining is big, and the construction period would be
somewhat affected. Thus, other measures shall be taken to equivalently substitute the function
of tailrace surge tunnel.

At this feasibility study, the design cancels three tailraces surge tunnels, enlarges section
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area and reduces the maximum surge level for correcting the demerits of surge chamber
scheme in previous feasibility study and proposes a comparison scheme.

The analysis in comparison with the scheme in previous feasibility study show that the
mode of canceling 3km tailrace surge tunnel in previous scheme, effectively controlling the
maximum surge height, ensuring sufficient thickness of surrounding rocks on top of tailrace
surge chamber, and enlarging the section area of surge chamber can meet the
above-mentioned requirements. The calculation shows that the gallery of single hydraulic
unit is 145m long, and the total gallery length of two hydraulic units is 290m, which is 90m
longer than that in the scheme of previous feasibility study. Merely considering the
engineering quantities of tunnel excavation, it saves rock excavation of 690000m* (main
body of surge chamber, excluding ventilation tunnel) and its economic superiority is
obvious.

Comparison of simple type and restricted orifice type scheme:

(1) Description of schemes

» Simple type scheme

The surge chamber is provided with two hydraulic units, and the single surge chamber

has span of 21m, length of 145m, and total height of about 66m. 30m-wide rock separation
pier is set between surge chambers, and the top elevation of rock pier is 982.0m.

» Restricted orifice type scheme

Improvement is made on basis of the previous simple type scheme. Its basic idea is

setting rock sill on the bottom of the gallery, transforming bottom channel, using gate slot as
the restricted orifice, and additionally setting impedance plate. Since the bottom space of the
surge chamber is restricted, the transforming scheme for bottom channel is as follows: Each
tailrace adit passes surge chamber, rock sill is set between two channels, after leaving the
surge chamber, three bottom channels are combined downstream and forwards connected with
one tailrace tunnel. The starting section of tailrace tunnel shall be turned twice to return to
axis of the simple type tailrace tunnel.

The elevation of crown and bottom tunnel of restricted orifice type surge chamber shall
be adjusted as per the calculation result of transition process calculation to reduce the scale
of surge chamber. The height of headrace shaft decreases with lifting of bottom tunnel, the
surge chamber section area and other calculation conditions are kept same as those of simple
type scheme (as shown in 6.12.2), and the specific layout is shown in attached diagram

“H154F-5D7-11~12- layout of surge chamber(the restricted orifice type scheme)”. In
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accordance with engineering experiences at home and abroad, the area of restricted orifice is
taken as 35% of tailrace tunnel, i.e. 48.86m?, and it is divided into 3 restricted orifices.
(2) Comparison result of transition process calculation

Table of limit value of governing stability of simple type and restricted orifice type surge

chambers
Table 6.12.5-2
Item Simple type Restricted orifice type | Restriction conditions
Maximum pressure of 123.24 122.6 125.43
spiral case (m)
Maximum raise of unit
0,
speed (%) 45.07 45.8 <55%
Minimum pressure in draft 499 706 >-8m
tube (m)
Maximum surge level in 979.26 975.92 /
surge chamber (m)
Minimum surge level in 940.72 945,69 /
surge chamber t (m)
Maximum differential
pressure at bottom slab of / 13.77 /
surge chamber (m)

The transition process calculation results of the above two surge chamber schemes are
indicated on Table 6.12.5-2. It is clear that though each governing stability parameter of the
two surge chambers is somewhat different, they are within the safety allowable range.
Compared with the simple type, the restricted orifice type surge chamber can reduce the surge
amplitude in a given range, and the maximum differential pressure of the impedance plate is

controlled in the routine range of engineering experience.

(3) Comparative analysis of investment
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Table of difference of engineering quantities and investment between simple type surge

chamber and restricted orifice type surge chambers

Table 6.12.5-3
] Total difference
] Difference of )
Factor Item Unit o - of investment
engineering quantities
(10000 RMB)
Rock excavation for tunnel m® -3341
C25WS8 concrete (lining, two-graded) m? -692
Fabrication and erection of rebar t -48
Shortening Common mortar rock bolts ®28,6.0m Pcs. -660 609
headrace shaft | Steel mesh and C25 shotcrete (thickness 10cm) m? -148
Rebar for steel mesh t -5
Consolidation grouting m -126
Cement consumption for consolidation grouting t -8
Rock excavation for tunnel m® 12463
C25WS8 concrete (lining, two-graded) m? 13238
C25WS8 concrete (bottom slab, two-graded) m? 2512
Transforming | Fabrication and erection of rebar t 1233
of the head of 6658
tailrace tunnel | Rubber waterstop belt m 574
Common mortar rock bolts ©28,8.0m Pcs. -4237
Steel mesh and C25 shotcrete (thickness 10cm) m3 786
Rebar for steel mesh t -33
Rock excavation for tunnel ( surge chamber) m3 -79634
Common mortar rock bolts ©28,8.0m Pcs. -2761
CF25 shotcrete (thickness 15cm) m3 -932
Shortening -
height of Steel fiber t -42
tailrace surge | c25 concrete (bottom slab, two-graded) m3 158
chamber + _
transforming | C25W8 concrete ( surge chamber sidewall -5542
of bottom i m3 ~2648
lining, two-graded)
channel
C25WS8 concrete (gate slot structure, two-graded) m3 -4285
C30 second-stage concrete( two-graded) m3 -207
Fabrication and erection of rebar t -419
Drainage hole ©50,3.0m m -695
Total difference in investment (10000 RMB) 507

The difference in engineering quantities and investment between the two surge chamber

schemes are shown in the above table. From the table it is clear that though the restricted
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orifice type surge chamber reduces the height of surge chamber and headrace shaft, additional
impedance plate on bottom and transforming of channel increase consumption of concrete and
rebar, and finally its investment is RMB 5.07 million higher than that of simple type surge

chamber.

(4) Selection of scheme

In summary, for simple type surge chamber scheme used in this feasibility study,
parameters of governing stability meet the required safety limit value, the operation stability
of units can meet requirements of the power grid, and its investment is slightly superior to the
restricted orifice type surge chamber. On the other hand, the construction of impedance plate
and bottom channel of restricted orifice type surge chamber is more difficult than simple type
surge chamber and rock separation piers shall be set on the bottom of surge chamber, which is
disadvantageous to slag removal of vertical shaft. To sum up, at this stage, the simple type
surge chamber scheme is maintained.
6.12.5.5 Selection of position of tailrace bulkhead gate

In Indian Corporation’s Feasibility study scheme, the tailrace bulkhead gate is arranged
together with main transformer cavern, i.e. connecting the rock pillars between main
transformer cavern and tailrace adit and setting gate shaft, the hoisting device is set in the
main transformer cavern. This arrangement mode has been used in some projects, and it can
cancel the tail gate cavern, and simplify layout of underground cavern, however, it has the
following demerits: 1) The installation of gate and the construction in main transformer
cavern would be interfered. 2) The excavation of downstream sidewall of main transformer
cavern at the location of gate slot will enlarge the scale of main transformer cavern scale,
which would impair stability of local sidewall. 3) The maintenance conditions of gate itself
are restricted. Only when 6 units all stop and water in tailrace system is fully drained, may the
bulkhead gate be lifted to service platform for maintenance, otherwise the water would
back-fill from the tailrace to the main transformer cavern, and the actual operation is not
economical and the operation is involved with serious risk. 4) If water leaks from the enclosed
structure of the hydraulic gate, the burden of drainage from the powerhouse will be increased.

In consideration of the above-mentioned demerits and in combination with engineering
experiences, in the scheme proposed in this feasibility study design, the tailrace bulkhead gate
is shifted into the tailrace surge chamber to eliminate the above-mentioned demerits of
previous scheme. For each hydraulic unit, the maintenance of gate may be made in

combination with maintenance of the unit, i.e., in case of shutdown and maintenance of a unit,
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other two units normally run, the elevation of the service platform is set above the maximum
surge water level for normal operation of the said two units, and the maintenance conditions
would be greatly improved.

6.12.5.6 Layout of structure of tailrace surge chamber

This Project belongs to low head hydropower plant, and the tailrace surge chamber
adopts simple type, which has rather good conditions for reflection of water hammer and the
surge is verified through calculation of hydraulic transition process, as shown in Section
6.12.2.

The tailrace surge chamber adopts gallery-type structure, 6 units are divided into two
hydraulic units, i.e. 3 units of tailrace system are set in a tunnel. One 30m-wide rock
separation pier is set between two surge chambers, and the tops of surge chambers are
interconnected. The upstream side of tailrace surge chamber is arranged with tailrace
bulkhead gate.

The length of each surge chamber in the direction perpendicular to water flow is 145m,
and it is mainly divided into two parts, in which 65.1m section is necessary for bulkhead gate
and surge. The elevation of bottom slab is 923.09m, elevation of crown is 989.0m, the total
height of surge chamber is about 66m, the span below gate maintenance platform El. 975.5m
is 21m, the upstream sidewall above EIl. 975.5m is expand-excavated by 1.5m. For the residue
79.9m-long surge chamber, the bottom slab is properly lifted and the crown elevation is
decreased as per the minimum and the maximum surge so as to decrease project investment.
The elevation of bottom slab of this surge chamber section is 937.0m, crown elevation is
982.0m, the height is 45.5m, and the span is 21m. The thickness of bedrock overlying the
crown of surge chamber is 29~40m, about 1.4~1.9 times the excavation span. The sidewall of
tailrace surge chamber is provided with 40cm reinforced concrete lining. The lining rebars are
tied with surrounding rocks bolts to ensure safety of surge chamber operation.

The crest elevation of the separation pier set between two surge chambers is the same as
that of gate hoist platform of tailrace bulkhead and it is used as gate installation platform
during construction period. Each surge chamber is provided with three bulkhead gates, and
the gate uses flat type, and each gate is equipped with one stationary winch.

The calculation result of transition process shows that the minimum surge level of surge
chamber is 940.72m (corresponding to D3 operating condition in Section 6.12.2), and the
maximum surge level is 979.26m (corresponding to D3 operating condition in Section 6.12.2).
The dimensions of opening of bulkhead gate at outlet of tailrace adit is 6.1x7.7m (Wx H), top
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elevation is 930.79m, and the water depth safety margin above tunnel top is 9.93m. The
tailrace tunnel inlet is of horseshoe-shaped section, tunnel diameter is 12.8m, tunnel top
elevation is 935.89m, and the water depth safety margin above tunnel top is 4.83m.

On the maintenance platform, one tailrace bulkhead gate is provided for each hydraulic
unit. At load rejection during operation of two units, the calculated maximum surge value is
974.98m (corresponding to D4 operating condition in Section 6.12.2), hence, the service
platform elevation is selected as 975.50m to ensure a given safety margin. The elevation of
hoist platform of tailrace bulkhead gate is finally selected as 982.0m in combination with the
maximum surge level of the whole surge chamber and the hoisting height, which is 2.74m
higher than the maximum surge level of surge chamber.
6.12.5.7  Analysis and calculation of stability of surrounding rocks of tailrace surge
chamber
(1) Calculation parameters and modeling

Due to big dimensions of entire cavern of the tailrace surge chamber, in order to
understand the mechanical conditions of surrounding rocks such as deformation rule during
excavation process, deformation amount and possible destabilization failure mode, the tailrace
surge chamber is subjected to underground cavern three-dimensional digital simulation
calculation to provide reference of design of excavation and support of tailrace surge chamber.
The calculation adopts common FLAC-3D commercial software, the rock constitutive model
adopts Mohr-Coulomb model, the stratum is simulated in layers in accordance with geological
profile provided by geological division, and for parameters of surrounding rocks, the
intermediate value is taken from “Recommended value of rock physical and mechanical
parameters” provided by geological division.

Calculation coordinate system is that the direction along water flow is X axis, the
direction of unit axis is Y axis, and the vertical upward direction is Z axis. The calculation
origin is the intersection point of 65.1m section and 79.9m section of 1# surge chamber at
downstream side footing. The elevation is 921.59m, the range of X axis is (-320,300), the
range of Y axis range is (-530,380), and the range of Z axis range is (-300, ground). The

three-dimensional grid of global model is shown in the diagram below.
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Fig. 6.12.5-1 Three-dimensional grid of global model

Fig. 6.12.5-2 Display of three-dimensional grid model of excavation mass
At this stage, the geological engineers judge that the land block in this Project area is
relatively stable, suffers from no impact of deep valley, the structure stress, residual stress,
and cavern burial depth are relatively low and thus the magnitude of initial geostress is
relatively small. In this calculation of geostress, merely the gravity stress field is considered,

and the structure stress field is not considered. The calculation shows that the maximum stress
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level of tailrace surge chamber in Project area range is about -2.5~-6MPa, the geostress is
generated by gravity of surrounding rocks and gradually increased in layers from top to

bottom, as shown in the diagram below.

Fig. 6.12.5-3 Distribution of first principal stress in initial geostress field of global model

(2) Calculation result of surrounding rocks stability

At this stage, merely the integral excavation of gross tunnel for the tailrace surge
chamber cavern group is subjected to surrounding rocks stability analysis, and distribution
rule of the deformation, stress and plastic zone are analyzed, i.e. the support is not simulated,
and excavation in-layers is not considered. The calculation results are described as follows:

1) Deformation and displacement of surrounding rocks

The horizontal displacement of sidewall tends to deform towards the cavern in the
process of excavation, the displacement of upstream and downstream sidewall is similar, and
after excavation, the sidewall displacement is about 4mm. The vertical displacement show
that the crown sinks integrally, and after excavation, the displacement amout of crown is
about 7~8mm. The maximum displacement value occurs in the middle of bottom slab, which

is vertical upward and the value reaches about 8.5mm.
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Fig. 6.12.5-4 Distribution of displacement field around the excavated tunnel (longitudinal

section along crown central line)

Fig. 6.12.5-5 Distribution of displacement field around the excavated tunnel (central cross
section along 1# tailrace tunnel)

Fig. 6.12.5-4 and Fig. 6.12.5-5 show the longitudinal distribution of displacement. From
them we can find that due to low geostress in Project area, after excavation of tailrace surge
chamber, the displacement magnitude surrounding the tunnel is relatively low and the
displacement limit value occurs at bottom slab, which is consistent with the characteristic of
stressing mainly with dead weight stress field.

2) Stress of surrounding rocks
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Concentration of compression stress occurs in different degree at the crown shoulder of

tailrace surge chamber and corners of sidewall and bottom slab, the maximum compression
stress value is 7.8MPa (Fig. 6.12.5-6). Stress relaxation occurs in sidewall and bottom slab,
tensile stress value is 1.5MPa (Fig. 6.12.5-7~8). The plastic zone mainly occurs at the center

of bottom slab, but the range is very small.

Fig. 6.12.5-6 Distribution of first principal stress field around the excavation tunnel

(longitudinal section along central line of crown)

Fig. 6.12.5-7 Distribution of third principal stress field around the excavation tunnel

(longitudinal section along central line of crown)
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Fig. 6.12.5-8 Distribution of third principal stress field around the excavation tunnel (central
cross section along 1# tailrace tunnel)

It is clear that after excavation the stress relaxation of upstream and downstream high
sidewall of surge chamber is unobvious, and the main problem is small stress relaxation at
bottom slab of surge chamber and near the cavern crown, which may be eliminated through
adequately enhancing the support parameter of the crossing portal, especially of the crown
position.

3) Plastic zone

Fig. 6.12.5-9 and Fig. 6.12.5-10 show the distribution of plastic failure area around the
tunnel in the Project area after excavation. It is clear that a few plastic failures exist in the
upstream sidewall bottom of tailrace surge chamber, the top of tailrace tunnel, and bottom
slab of the entire caverns, and no failure occurs in high sidewalls at both sides of tailrace
surge chamber. In general, in the Project area, the overall plastic failure region is small. It is
merely necessary to protect the region where the above-mentioned problems occur in the

excavation and support process.
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Fig. 6.12.5-9 Distribution of plastic zone around the excavation tunnel (longitudinal section

along central line of crown)

Fig. 6.12.5-10 Distribution of plastic zone around the excavation tunnel (cross section along
branch pipe of 5# tailrace)
4) Summary
After excavation of the tunnel, at the crossing region of the cavern bottom slab and the
bottom adjacent to cavern (tailrace tunnel and tailrace adit), the conditions of big
displacement, stress relaxation and plastic failure exist, while no problem of stability occurs at

high sidewall itself of surge chamber. Hence, in the design process, the above-mentioned key
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regions and the regions where problem possibly exists are prospectively subjected to
reinforcing support.
6.12.5.8 Initial support scheme of tailrace surge chamber

As per the geological data, surrounding rocks of tailrace surge chamber have good
quality and self-stability capability. However, since the overlying integral rock of the surge
chamber is thin, the structure has a given scale, the span is large, and sidewall is relatively
high and long, the sidewall and crown shall be subjected to good support design.

In accordance with related design requirements and engineering experiences at home and
abroad, the support parameters of tailrace surge chamber are as follows: upstream and
downstream sidewalls and crown adopt pattern rock bolts ®28, L=6.0/8.0m at interval 1.5m,
15cm-thick CF25 steel fibre shotconcrete is systematically facilitated, and crown is provided
with random drain holes of ®50mm with hole depth of 5.0m. During actual excavation
construction, necessary pre-stressed rock bolts or anchor cables may be provided as per the
revealed geological conditions. In consideration of water level fluctuation in case of surge in
tailrace surge chamber, the sidewall is provided with 40cm-thick reinforced concrete lining,
and the pattern rock bolts are connected with the lining steel in order to ensure permanent
safety of sidewall.
6.12.5.9 Layout of access and ventilation tunnel of tailrace surge chamber

At late stage, the access tunnel of tailrace surge chamber may be used as ventilation
tunnel. In scheme of Indian Corporation’s Feasibility study, the tunnel is led from the right
end wall of surge chamber, the tunnel route spirals up in turnings, and the tunnel outlet is
located at the slope of left bank of riverbed. At this stage, the main access tunnel to
powerhouse is arranged to make ventilation tunnel have conditions of directly leading out
from the main access tunnel and connecting to tailrace surge chamber, thus, the side slope
works of ventilation tunnel portal is canceled. In Indian Company’s ventilation scheme, the
tunnel portal section is located at deep and thick overburden, access to tunnel is difficult, and
the cost of support is relatively high; however, the scheme recommended by this feasibility
study not only shortens ventilation tunnel length, but also solves the difficulty in tunnel
accessibility and tunneling, and reduce the construction difficulty, thus it has important
engineering significance.

In accordance with the requirement that one ventilation tunnel is shared by two surge
chamber units in the recommended scheme, the area of ventilation tunnel is set not below

10% of pressure waterway area (i.e. two tailrace tunnels). The calculation shows that the
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minimum area of ventilation tunnel is about 35m?. For the requirement of construction traffic,
the ventilation tunnel adopts the inverted “U” shape, the sectional dimensions are 8x7m (Wx
H), and actual area of ventilation tunnel is 49.3m? which meets ventilation requirements.

The ventilation tunnel of tailrace surge chamber is branched from the main access tunnel,
the elevation at start point is about 998.15m, the end is connected with separation pier
reserved for surge chamber, and the bottom slab elevation is 982.0m. The total length of
ventilation tunnel is about 639.45m, and the bottom slab slope is 2.53%. The crossing portal
of ventilation tunnel and tailrace surge chamber is locked with 10m-long reinforced concrete
lining. The lining has thickness is 0.5m. For other tunnel sections, the sides and top are
subjected to bolting support, and the bottom slab is leveled with 20cm-thick C20 plain
concrete.

6.12.6 Design of Tailrace Adit
6.12.6.1 Selection of type of tailrace adit section

The quality and the burial depth of surrounding rocks in the tailrace adit located between
powerhouse and tailrace surge chamber are basically same as those of surrounding rocks in
headrace tunnel. In order to keep uniform velocity in the water conveyance system, the
tailrace adit will adopt the same flowing section as that of the headrace tunnel, i.e. the
flat-bottom horse-shoe type section with diameter 7.7m, bottom slab width 6.0m, and lining
thickness 0.6m.

The basis for selection of section type is shown in Section 6.12.4.1.
6.12.6.2 Selection of tailrace adit length

Compared with scheme of Indian Corporation’s Feasibility study, the tailrace adit length
of this scheme is somewhat shortened, since the tailrace surge chamber approaches the
powerhouse. From the hydraulic conditions, keeping an adequate distance between the
tailrace surge chamber and the powerhouse is advantageous to control of the negative pressure
in inlet of draft tube. In Indian Company’s scheme, the tailrace adit is about 273m long. The
check of hydraulic transition process of the layout scheme shows that the minimum negative
pressure in draft tube is -4.46m, though which is within the range of allowable value, the
safety margin of which is low. In the recommended scheme of this feasibility study, the
tailrace adit length is shortened to about 154m after comprehensive consideration of such
factors as the plane layout of tailrace adit, topographic and geological conditions, and the
distance between the tailrace surge chamber and the main transformer cavern. The transition

process calculation result shows that the minimum negative pressure in draft tube inlet is
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4.22m and the safety margin is high. Meanwhile, sufficient rock thickness is kept between the
tailrace surge chamber and main transformer cavern, and after shortening of tailrace adit, the
cavern stability is not impaired.

6.12.6.3 Selection of type of tailrace adit lining

In order to response to and meet functional requirements in the Tendering Documents,
namely, the design of water conveyance system shall meet requirement of total head loss
below 9.5m, the tailrace adit is entirely lined with concrete to minimize the head loss.
6.12.6.4 Layout of tailrace adit

Totally 6 tailrace adits start from draft tube extension section and the length is about
154.53m~153.73m. The adit axes are arranged in parallel at interval of 25.5m. Due to impact
of rock separation pier between two surge chamber hydraulic units, after twice turning of
tailrace adit, the adit axis interval is gradually adjusted to 26.5m, and connects the surge
chamber smoothly. The tailrace adit adopts flat-bottom horseshoe-shaped section and it is
lined with 0.6m-thick reinforced concrete and after lining, the diameter is 7.7m. At rated
discharge, the velocity is 3.76m/s.

The bottom slab elevation of draft tube outlet is 921.08m, tailrace adit bottom slope is
about 2.2%, the bottom slab elevation at surge chamber location is 923.09m, and the rock
thickness between the tunnel top and the main transformer cavern and the bus tunnel is about
12m. At terminal, the section of tailrace adit becomes a rectangular section of 6.1x7.7m (Wx
H) and the tailrace surge chamber is provided with bulkhead gate.

Since the distance between tailrace adit and the main transformer cavern and bus gallery
of the powerhouse is small, the tunnel is subjected to systematic consolidation grouting
treatment to improve permeable performances of the surrounding rocks, the grouting
row-interval is 3.0m (12 holes/row), the hole rock penetration depth is 3.5m, and the grouting
pressure is1.0~1.5MPa.
6.12.6.5 Design of tailrace adit support

The initial support of tailrace adit is designed as per the supported requirements

suggested by Q system (Barton), and the specific parameters are shown in Table 6.12.6-1.
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Table of support parameters of tailrace adit
Table 6.12.6-1

Classification

of surrounding Horizontal tunnel support parameters

rocks
(RMR)
b~ H6 1()100~ Spot rock bolts ®22, L=3.0m, random C25 shotcrete 5cm
Good in Il |Top arch pattern rock bolts ®22, L=3.0m, interval 2.0m, C25 shocrete 10cm, random

(60~51) steel mesh

FZgglerll)l Pattern rock bolts 25, L=4.5m, interval 2.0m, steel mesh, C25 shotcrete 10cm
v Pattern rock bolts ®25, L=4.5m, interval 1.5m, CF25 steel fibre shotcrete 5cm and steel
40~21 mesh, C25 shotcrete 5cm, top arch random rebar arch rib 3025, random advance rock
( ) |bolts ®28, L=6.0m
v Pattern rock bolts ®28, L=6.0m, interval 1.0m, CF25 steel fibre shotcrete 5cm and steel
201 mesh, C25 shotcrete 10cm, H20a shaped-steel arch frame, interval 0.75m, advance
( ) ductule ®42, L=4.0m, interval 0.3m

6.12.7 Design of Tailrace Tunnel
6.12.7.1 Comparison of section type of tailrace tunnel

As shown in Chapter 6.12.4.1, the section type of hydraulic tunnel shall be selected
depending upon the stressing of tunnel structure and construction feasibility and the scheme
of Indian Company’s Feasibility study adopts four-center circle horseshoe-shaped section.

On one hand, the geostress level in tailrace tunnel is not high, the condition of
surrounding rocks are good, mainly of Classes IlI-11l. The surrounding rocks in the tunnel
section with high biotite content and local strongly weathered rock are of Classes IV-V. After
excavation, the self-stability conditions of Classes 1V-V surrounding rocks are poor, and thus
initially they are provided with strong support to keep the cavern’s surrounding rock stability.
The calculation, check and analysis show that after the tunnel section with Classes 1V-V
surrounding rocks adopts flat-bottom horseshoe-shaped lining, the overall stress level of lined
structure is relatively low, and stress is centralized in small range of bottom corners of both
sides, for which local reinforcing measures shall be made. On the other hand, during
concreting of tunnel bottom slab, it is unnecessary to set formwork of concrete facing for
flat-bottom horseshoe-shaped section, the concreting engineering quantities for two
8.5km-long tunnel bottom slab are high, if the flat-bottom section is not used, the formwork
engineering quantities are rather high. If flat-bottom is used, the formwork for bottom slab

may be saved, which facilitates construction. Hence, use of flat-bottom section in headrace
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tunnel has obvious superiority in construction period.

In summary, the tailrace tunnel adopts flat-bottom horse-shoe type section.
6.12.7.2 Selection of sectional dimension of tailrace tunnel

The diameter of tailrace tunnel shall be determined after comprehensive consideration of
construction conditions and head loss. In accordance with engineering experience at home
and abroad, hydraulic tunnel with excavation diameter of 13~14m is already of big span. For
the drilling and blasting method, the excavation needs to be completed in steps. The hydraulic
calculation check shows that for tailrace tunnel with a single length of about 8.5km, the tunnel
shall be lined with concrete for the entire length. Only when the lined diameter reaches 12.8m,
may the head loss of water conveyance and power generation system satisfy the limit value of
9.5m required in the Tendering Documents.

Hence, tailrace tunnel section adopts flat-bottom horse-shoe type with inside diameter of
12.8m and the excavation section is determined depending upon different surrounding rock
lithology. Unified flowing section is advantageous to decrease local head loss.
6.12.7.3 Design of bottom slope of tailrace tunnel

For layout of bottom slope of tailrace tunnel, the following factors shall be mainly

considered:

(O The slope of bottom slab of tailrace tunnel shall meet construction traffic

requirements. Considering based on rail-less traffic, the maximum slope shall not be above
9%.

@ In consideration of drainage requirement during the construction period, the
minimum slope of bottom slab shall not be below 0.1% and its lowest point should be set at

construction adit to facilitate pumping water.

(3 The elevation difference between the head and the end of the tailrace tunnel is merely

13m, the overlaid surrounding rock of tunnel section at the outlet is thin, the topographic
conditions are impossible to ensure sufficient surrounding rock thickness on cavern top to
form the same slope gradient for the entire tunnel. The outlet tunnel section is provided with
9% steep slope to shorten the section length in shallow burial depth and make the tunnel reach

the burial depth specified by Norway criterion as soon as possible.

@ The surface along tailrace tunnel is gentle, the overlaid bedrock is thin, averagely
2~3 times the excavated diameter of tailrace tunnel. For increasing tunnel burial depth and

improving the surrounding rock stability of cavern, the tunnel elevation may be lowered by
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increasing slope to enlarge the tunnel burial depth. On the contrary, the increase of cavern
burial depth will increase the length of construction adit, and thus the slope increase shall be
kept at a reasonable range.

As per comprehensive comparison under the above-mentioned principles, the tailrace
tunnel slope is finally determined as follows: the slope gradient is 0.22% from the start point
El. 923.09m to 8# construction adit position, the bottom slab elevation is about 911.41m, and
the tunnel bottom plate is gradually uplifted at -0.2% slope, at the place about 210m from
tailrace outfall, it is turned to -9% steep slope until outfall structure at EI. 936m. The overlaid
thickness of surrounding rocks along the tunnel is not below 3 times the excavation tunnel
diameter (except for outfall tunnel section), and that in local tunnel section is not below 2

times the excavation tunnel diameter.

6.12.7.4 Design of lining thickness of tailrace tunnel

The cavern with Classes IlI-111 surrounding rocks is stable itself, and the lining is used
mainly to decrease roughness, meet the requirement of head loss and function requirements
specified in the Tendering Documents, and serve as auxiliary anti-seepage of surrounding
rocks. Thus, thin lining structure is used. In accordance with requirements and related

engineering experience in lining and concreting, the lining thickness is 35cm. Classes 1V-V

surrounding rocks have poor integral stability, the support of the tunnel shall be strengthened
in initial period, and in late stage, the arrangement of reinforced concrete lining can improve
support strength. The lining shall have a given bearing capacity, thus, in accordance with the
results of check and calculation, the lining thickness shall be 75¢cm and 100cm (including
thickness of shotcrete).
6.12.7.5 Layout of tailrace tunnel

This Project is totally provided with two long tailrace tunnels (respective length about
8544.79m and 8451.41m), the tunnel adopts the flat-bottom horseshoe-shaped section and is
provided with reinforced concrete lining of different thickness depending on surrounding
rocks conditions. The lined tunnel has a diameter of 12.8m and the bottom slab width is about
10.5m.

Two tailrace tunnels are separately connected with two tailrace surge chamber units. The
included angle between the adit axis and the axis of tailrace surge chamber is about 74°. Two
tailrace tunnels are laid in parallel, and the spacing of the center lines is about 80m. At the end,

after 400m tunnel axes is horizontally turned by 122°, the interval between tunnel centers is

1-281



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

decreased to 50m until tailrace outfall. The start point elevation of tailrace tunnel is 923.09m,
and the bottom slab elevation at outfall is 936m. For easy maintenance of tailrace tunnel, the
outfall of each tailrace tunnel is provided with stoplog gate, and the maintenance shaft is
arranged in front of the gate slot (near mountain).

6.12.7.6  Structural design of tailrace tunnel lining

(1) Basic hydrological and geological conditions

The design length of a single tailrace tunnel is about 8.5km, the terrain along the tunnel
is flat. The tunnel-passing strats are Precambrian (An€) granite gneiss, hornblende gneiss, and
amphibolite. Usually, the burial depth of tailrace tunnel is 70~155m, and it is the lowest
(about 30m) in outfall. The surrounding rocks along the tailrace tunnel are Class Il rocks
(accounting for about 80%), Class IV rocks (accounting for 10~15%), mainly in tunnel
section with local strongly weathering and high content of biotite, Class V rocks in the tunnel
section where the fault passes through, and Class 11 rocks.

The burial depth of underground water level along tailrace tunnel is shallow and
generally 10~20m below surface. The tunnel is located below underground water level and
the bedrock is slightly-extremely slightly permeable; Hence, the water is mainly in the form
of seeping drip and locally linear water along long and big fissure. Water gushing is likely to
occur along F1 fault.

(2) Calculation of inner pressure resistance of tailrace tunnel lining

In accordance with actual tunnel layout, the tailrace tunnel is the lowest at 9#
construction adit, the corresponding inner water head is about 45m, and hence, the inner
pressure resistance of tailrace tunnel lining shall be calculated on basis of the inner hydraulic
load of 45m at section center. The calculation is made with FLAC3D software for sections of
Class IllI, Class 1V and Class V rocks respectively. For the sake of safety, the external
hydraulic pressure is not simulated in this operating condition. The linear elastic calculation
results of inner hydraulic pressure are shown in Fig.6.12.7-1~6.12.7-4.
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Fig. 6.12.7-1 Cloud diagram of maximum principal stress of lining of Class Il surrounding
rocks (tensile stress)

Fig. 6.12.7-2 Cloud diagram of maximum principal stress of lining of Class IV surrounding

rocks (tensile stress)
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Fig. 6.12.7-3 Cloud diagram of maximum principal stress of lining of Class V surrounding

rocks (tensile stress)

Fig. 6.12.7-4 Cloud diagram of maximum principal stress of lining of ClassV surrounding
rocks (tensile stress, enlarged in footing)
From the above results, we can find that under single effect of inner hydraulic pressure
(not considering external water, this case only exists at completion of tunnel and the first

water filling), the maximum tensile stress of lining of all kinds of surrounding rock exceeds
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2MPa, i.e. exceeds the limit value of concrete tensile strength, and the concrete will crack. In
this case, rebars shall be provided to bear inner hydraulic load. Class Il surrounding rock
lining exceeds limit value of tensile strength merely in a small range such as the top and
bottom arch foot, which may be solved through inside single-layer reinforcement. Class 1V
surrounding rock cracks out at the top section, and Class V surrounding rock cracks out
almost at full section, and does not crack out merely at the bottom and at outside of bottom
arch foot.

The reinforcement is designed in accordance with above linear calculation results of
elastic tensile stress. When Class 111 surrounding rock lining is provided with single-layer
rebar (®25@20cm), Class IV surrounding rock lining with dual-layer rebar (©28@20cm),
and Class V surrounding rock lining with dual-layer rebar (®32@20cm), the structural
bearing requirement can be met.

(3) Calculation of external pressure resistance of tailrace tunnel lining

The tailrace tunnel is in the low limit of weakly weathered to slightly weathered bedrock
and is slightly-extremely slightly permeable. As per the geological judgment, linear water
would locally flow along long and big fissure, and hence the lining shall be able to resist the
external pressure in a given range.

As per the geological data, in this Project, the maximum distance between the
underground water level line to the top of tailrace tunnel is 120m. After comprehensive
consideration of rock permeability and surrounding rock class, a lower external hydraulic
pressure reduction coefficient may be taken for Classes Il-111 surrounding rocks; while for
Class IV-V surrounding rocks location with relatively high water head, many means (such as
systematic pressure-relief holes) may be taken to make the structure become a permeable
lining, and its surroundings may be provided with anti-seepage consolidation grouting to form
a grouting ring to stop the external water, and thus the external pressure reduction coefficient
has the possibility to be greatly reduced.

In Chapter 9 of USA Army Corps of Engineers: EM 1110-2-2901 “Tunnel and Vertical
Shaft in Rock”, it is specified that drainage facilities shall be considered for high external
hydraulic pressure tunnel, if the design of drainage is reasonable, the design hydraulic
pressure may be lowered to below 25% of the highest hydraulic pressure, which shall be
equivalent to pressure generated by water column of height of 3 times the tunnel diameter.

In consideration of the above factors, at this stage, we adopt 30m head (after full-head

reduction of underground water level line) external hydraulic pressure directly applied onto
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the outer surface of lining. In consideration of the state of emptying inner water, Class 111 and
Class V surrounding rock lining is calculated with software ANSYS.

Fig. 6.12.7-5 Stress distribution of Class 111 surrounding rock lining in external hydraulic

pressure condition

Fig. 6.12.7-6 Stress distribution of Class V surrounding rock lining at external hydraulic
pressure condition

The calculation results are as shown in the above diagrams, and from them, it is clear
that:

(D The region on flat-bottom horseshoe-shaped section of Class Il surrounding rocks
and above the waist line is of circular arch shape, form the structural inner force, it is
approximately a purely compressed structure, and the maximum compression stress is about
1.2MPa. The bottom slab and the sidewall below the waist line are characterized by stressing
and deformation of the overhanging foundation beam. The inner surface is tensed and the

external surface is compressed. The maximum tensile stress is 0.56MPa and the compression
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stress reaches 5.5MPa. At the corner between the bottom slab and the sidewall, the
concentration of compression stress is obvious, and the maximum compression stress is
10.5MPa.

2 The region on flat-bottom horseshoe-shaped section of Class V surrounding rocks
and above the waist line is of circular arch shape, from the structural inner force condition, the
structure is almost a compressive structure, and the maximum compression stress is about
2.9MPa. The bottom slab and the sidewall below the waist line embody the characteristics of
stressing and deformation for the overhanging foundation beam. The inner surface is tensed
and external surface is compressed. The maximum tensile stress is 2.5MPa (exceeding the
tensile strength of concrete), and proper reinforcement locally is necessary to control crack
width. Outside the sidewall, the maximum compression stress is 6.4MPa. At the corner
between the bottom slab and the sidewall, the concentration of compression stress is obvious.
The maximum compression stress is 13.5MPa and the anti-compressive failure possibly
exists.

In summary, the section of Class I11 surrounding rock lining is sufficient to bear external
pressure, while Class V surrounding rock itself has poor external pressure resistance, much
external hydraulic load will be applied onto the lining, but the issue on bearing can be solved
by set rebars. Provision of pressure-relief holes and anti-seepage consolidation grouting ring
may ensure structural safety.

(4) Design of lining structure

As described above, the tailrace tunnel adopts concrete lining structure as the auxiliary
measures for anti-seepage of surrounding rocks. Class Il1-111 surrounding rock tunnel section
adopts thin lining structure. For Class IV-V surrounding rock tunnel section, the lining
thickness shall be set in accordance with overall stress requirements. For easy construction
and decrease of local head loss, the inside diameter of lining for tailrace tunnel keeps
basically the same. The specific dimensions of lining structure are as follows:

(O For Class Il surrounding rocks, the tunnel excavation diameter is 13.7m and the

random shotcrete is 5¢cm thick. The thickness of side and top arch lining is 35cm (excluding
spraying layer thickness). After lining, the diameter is 12.9m, and the bottom slab is leveled
with 20cm-thick C20 plain concrete. The bottom slab width is about 10.5m.

@ For Type Il surrounding rocks, the excavation tunnel diameter is 13.7m and

shotcrete is 10cm thick. The thickness of side and top arch lining is 35cm (excluding shotcrete

thickness). After lining, the diameter is 12.8m, and the bottom slab is leveled with 20cm-thick

1-287



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

C20 plain concrete. The bottom slab width is about 10.5m.

@ For Class IV and in-tunnel Class V surrounding rocks, the tunnel excavation
diameter is 14.3m and shotcrete is 15cm thick. The thickness of full-section lining is 75cm
(including shotcrete thickness). After lining, the diameter is 12.8m and the bottom slab width
is about 10.5m.

@ For Class V surrounding rocks at tunnel outfall, the tunnel excavation diameter is
14.8m and shotcrete is 15cm thick. The full-section lining has thickness of 100cm (excluding
shotcrete thickness). After lining, the diameter is 12.8m and the bottom slab width is about
10.5m.

6.12.7.7 Design of tailrace tunnel support

(1) Calculation of stability of surrounding rocks of tailrace tunnel

The tailrace tunnel section, with excavation diameter of 13.7~14.8m, belongs to
large-sized hydraulic tunnel structure. From viewpoint of engineering safety, in the design
process, the surrounding rock stability, shotcrete and bolting support, and structure safety of
concrete lining in excavation of the tailrace tunnel shall be calculated and analyzed. The
analysis is conducted with internationally recognized geotech-engineering finite-difference
calculation software FLAC3D. The geological parameters of surrounding rocks used in the
calculation are shown in Table 6.12.7-1, and the calculation results are shown in Table
6.12.7-2 and Fig. 6.12.7-7 to Fig. 6.12.7-12.

Geological parameters adopted for stability calculation of surrounding rocks

Table 6.12.7-1
o Compressi | Specific Shear strenath Defgrr]matl Poisson’s
Classificatio ve strength | weight g dul ratio
n of Weathering modulus
surroundin degree
rock ) ’ Re p ¢ C E H
MPa kN/m?® ° MPa GPa
Class i | Weakly *fap ny | 250-26.| 19 91|  08-009 5-7 | 0.22~0.25
weathered 0
Classtv | Strondly | 46 195 | 23.0-50 0.3-04 0.5~0.6 1~3 0.25~0.3
weathered
Classy | Completel / 22~23 | 0.05~0.1 24~28 0.1~0.5 | 0.3~0.35
y weathered
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Calculation results of cavern displacement

Table 6.12.7-2
Classificatio Displacement
surrcr)]u?wfdin g Without support After support B(O ,I\; ;t;()ess
rocks Side wall Crown Base plate | Side wall Crown Base plate
Class 11 2.2 5.8 6.7 1.3 53 6.1 18
Class IV 10 26 27 5.6 22 23 87
Class V 44 157 150 19 124 119 283

Note: installation of all surrounding rock liners are considered to be done in basic stable condition of

the tunnel after shotcrete and bolting support, the liner intital stress has not been shown.

From the above-mentioned calculation result, it is clear that:

1) Under no support condition, Class Il surrounding rocks can keep stable, maximum
displacement value is 6.6mm which is relatively small and rock bolts stress are very small as
well. Clearly, the concrete lining structure implemented in late period does not basically bear
the load of surrounding rocks. However, since shotcrete adopts plain concrete, after lining, the
lining still bears partial load, but the value is relatively low and will not influnce structure
safety.

2) For Class IV surrounding rocks, after excavation unloading, their deformation is
relatively low, except for wedge failure at side and top arch due to combination of
unfavorable structural planes, the cavern is integrally stable. The bolting support plays an
important role in keeping cavern integrally stable and somewhat inhibits deformation of
surrounding rocks. Applying of concrete lining after stabilization by strong support will
hardly impair structure safety.

3) For Class V surrounding rocks, under no support condition, suppose there is no
collapse, the maximum displacement can reach 155mm. However, in actual conditions, if the
cavern is not supported in time, after plastic yield, the surrounding rocks will lose bearing
capacity, and collapse will occur at the excavation boundary. In order to prevent the lining
structure from being affected by surrounding rock stability, the shotcrete and bolting support
stronger than Class IV surrounding rock is adopted in initial period to keep stability of
surrounding rocks and maintain the surrounding rocks of plastic zone at a given deformation
modulus. From change in displacement, maximum displacement is decreased by 33mm,
indicating obvious role of shotcrete and bolting support. From the axial force diagram, it is
clear that the axial force of partial rock bolts approaches the design limit value of tensile
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strength, the safety margin is low, and thus lining is likely to bear partial loads of the

surrounding rocks.

FLAC3D 3.00

Step 7854 Model Perspective
16:21:08 Sun Jan 05 2014

Center: Rotation:

X: 0.000e+000 X: 80.000

Y:-7.930e-001 Y: 0.000

Z:-1.116e+001 Z: 0.000

Dist: 4.018e+002 Mag.: 3.81
Ang.: 22.500

Plane Crigin: Plane Normal:

X: 1.500e+000 X: 0.000e+000
Y: 0.000e+000 Y: 0.000e+000
Z:0.000e+000 Z:1.000e+000

Contour of Displacement Mag.

Plane: on

Magfac = 1.000e+000
9.6609e-005to 1.0000e-003
1.0000e-003 to 2.0000e-003
2.0000e-003 to 3.0000e-003
3.0000e-003 to 4.0000e-003
4.0000e-003 to 5.0000e-003
5.0000e-003 to 6.0000e-003
6.0000e-003 to 6.6831e-003

Interval = 1.0e-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

Fig. 6.12.7-7 Final displacement distribution of Class I11 surrounding rocks (no support)

FLAC3D 3.00
Step 9335 Model Perspective

20:15:38 Sun Jan 05 2014

Center: Rotation:

X: 0.000e+000 X: 80.000

Y:-7.930e-001 Y: 0.000

Z:-1.116¢+001 Z: 0.000

Dist: 4.018e+002 Mag.: 3.05
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 1.0002+000
3.2598e-005 to 1.0000e-003
1.0000e-003 to 2.0000e-003
2.0000e-003 to 3.0000e-003
3.0000-003 to 4.0000e-003
4,0000e-003 to 5.0000e-003
5.0000e-003 to £.0000e-003
6.0000e-003to 6.1481e-003

Interval = 1.0e-003

Itasca Consulting Group, Inc.
Winneapolis, MN USA

Fig. 6.12.7-8 Final displacement distribution of Class I11 surrounding rocks (after

support)
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Fig. 6.12.7-9 Maximum principal stress of Class 111 surrounding rock lining and rock
bolts

Fig. 6.12.7-10 Final displacement of Class V surrounding rocks (No support)
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FLAC3D 3.00

Step 6150 Model Perspective
19:15:28 Sun Jan 05 2014

Center: Rotation:
X:0.000e+000 X: 90.000
¥: 161924000 Y: 0.000
Z:-1.000e+001 Z: 0.000
Dist: 4.018e+002  Meg: 381
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 1.000e+000
7.7815e-004 to 2.0000e-002
2.0000e-002to 4.0000¢-002
4.0000-002to 6.0000e-002
6.0000e-002 to 8.0000e-002
8.0000-002to 1.00008-001
1.0000e-001 to 1.2000e-001
1.2000e-001 to 1.2453¢-001

Interval = 2.0e-002

Itasca Consulting Group, Inc.
Minneapolis. MN USA

Fig. 6.12.7-11 Final displacement of Class V surrounding rocks (after support)

Fig. 6.12.7-12 Maximum principal stress of Class V surrounding rock lining and rock
bolts
(2) Design of tailrace tunnel support
The initial support of tailrace tunnel shall be designed with reference to the support
requirements proposed by Q system (Barton), and the specific parameters are shown in Table
6.12.7-3.
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Table of parameters for tailrace tunnel support

Table 6.12.7-3
Classification of
surrounding rocks Parameters for tailrace tunnel support
(RMR)
1~11 Spot rock bolts @25, L=6.0m, 5cm-thick random C25 shotcrete, side and top arch
35cm-thick C25 rebar concrete lining (excluding shotcrete), 20cm-thick C25
(100~61) plain concrete for leveling of bottom slab
Side and top arch pattern rock bolts ®28, L=6.0m, interval 2.0m, 10cm-thick C25
it shotcrete, top arch steel mesh, side and top arch C25 rebar concrete lining 35cm
(60~41) in thickness (excluding gunite layer), bottom slab C25 plain concrete for leveling
of bottom slab, 20cm in thickness
Spot advance rock bolts ®28, L=6.0m, spot expansion type rock bolts ®24,
v L=6.0m, pattern rock bolts (including self-drilling rock bolts) ®28, L=6.0/8.0m,

interval 1.0m, 5cm-thick CF25 steel fibre shotcrete and steel mesh and
(40~21) 10cm-thick C25 shotcrete, system shaped-steel arch frame H24a, interval 1.0m,
full-section C25 rebar concrete lining, 75cm thick (including shotcrete),
5cm-thick fiber concrete shot onto tunnel face

\Y% Shaped-steel arch frame H24a, interval 0.75m, 5cm-thick CF25 steel fibre
shotcrete and steel mesh C25 shotcrete 10cm in thicknee; advance ductule ®42,
L=4.0m, interval 0.3m, pattern rock bolts ®28, L=6.0m, interval 1.0m,
full-section C25 reinforced concrete lining 100cm in thickness (including
(20~1) shotcrete), Scm-thick fiber shotcrete onto tunnel face

Soil tunnel section at
portal

6.12.8 Design of Tailrace Outfall
6.12.8.1 Layout of tailrace outfall structure

The natural side slope of tailrace outfall is gentle, the underlying rock-earth stratum
contains residual soil, completely and strongly weathered earth, strongly weathered and upper
weakly weathered rock, and tunneling conditions is poor. The stability of earth side slope and
strongly weathered and upper weakly weathered rock side slope is poor, and that of the
lower weakly-weathered rock side slope is generally good.

In the scheme of Indian Company’s Feasibility study, the tailrace open channel has a
total length of 140m, and two tailrace outfalls adopt non-linear layout. At this stage, in order
to decrease excavation range of side slope, the axis interval between two tailrace tunnels is
decreased from previous 60m to 50m, and the tailrace tunnel outfall is shifted towards
riverbed direction by 60m. The site survey shows that the gully scale is not big, two tailrace
outfalls are adjusted to straight line layout in parallel to beautify the maintenance platform.

The tailrace open channel is arranged at the tailrace outfall, and the width is expanded
from 64m to 100.29m, total length is about 80m, and the end is connected with the original
river channel. The tailrace open channel is divided into bottom horizontal slope section, slope

section, and end horizontal slope section. The slope section is about 29.3m long, and adopts
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1:1.5 ratio of slope. The bottom slope of open channel adopts the layout of steep-horizontal
section, which may increase rock pillar thickness of foundation pit, and intensify its
anti-seepage capability during construction period.

The end of slope section is provided with 3m high concrete sand-guide sill, and the sill
crest elevation is 958.5m. The bottom slab of tailrace outfall is provided with ®100mm
systematic seeping hole to decrease uplift of invert and to avoid raising. The end of tail
horizontal slope section is provided with concrete cutoff trench and the foot is backfilled with
stone block to prevent the foot from scouring, and to strengthen overall anti-sliding stability.

The start point of side slope after tailrace outfall is set at EI. 957m (estimated upper limit
of weak weathering), the vertical slope below it is 6.7m high, and the side slope above it to
ground has total height about 16.4m, which will obtain good tunneling conditions.

The location of tailrace tunnel outfall is provided with stoplog gate slot, the elevation of
the invert is 936m, and elevation of opening crest elevation is 948.8m. The maintenance
platform is at El. 964.0m, and the stoplog gate is manipulated through truck crane. The EL.
964m berm is set to connect the maintenance platform with external permanent roads.
Compared with scheme of Indian Company’s Feasibility study, in this feasibility study
scheme, the upstream side of the gate slot is provided with maintenance shaft, and during the
maintenance period, the vehicle and small-sized construction equipment may be lifted from
the shaft into the tailrace tunnel. Thus, the maintenance shaft is not only used as the passage
for pumping water, but also as the lifting and transport passage of vehicle and construction
equipment during tunnel maintenance and it provides greatest convenience for emptying and
maintenance of tunnel.

Rock separation pier is reserved between two tailrace gate slots at tailrace outfall and its
top is provided with 2-opening gate room to store stoplog gate during the operation period.
The structural joint is set between tailrace tunnel and tailrace outfall and the joint is provided
with two copper waterstops for anti-seepage.
6.12.8.2 Excavation and support of side slope of tailrace open channel

The both sides of tailrace open channel and the side slope of tunnel portal are permanent
side slope, the overall height of side slope is relatively small but the stability is rather poor. As
per suggestion of the geological division, the rock side slope of the slope section above EI.
955m (strongly weathered and worse) is excavated with slope ratio of 1:1.25, and the
overburden side slope is excavated with slope ratio of 1:2. The berm width is generally 3m,

and the section connecting with external permanent roads is widened to 4.5m.
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The rock side slopes adopts the shotcrete and bolt support. For the permanent support,
the side slop below EI. 964m (underwater) adopts 30cm-thick facing concrete, and is provided
with systematic anchor bar (partial rock bolts serve as anchor bar). The rock side slope above
the water uses the shotcrete and bolt support as permanent scheme, and the permanent and
temporary earth (overburden) side slopes are combined and the systematic frame beam
support is adopted.

In order to ensure permanent stability of side slope, the shotcrete and bolt support
parameters of tailrace outfall shall be determined on the principle as shown in Table 6.12.8-1
in the light of actual revealed conditions of site stratum and the conditions of the permanent
and temporary side slopes.

Table of support principles for tailrace outfall

Table 6.12.8-1
L Stratum .
Position classification Primary support Secondary support
Overburden Frame_beam + grass planting for slope /
protection or steel mesh and shotcrete
Above EI. Pattern rock bolts ®25@1.5x1.5m, L=4.5m,
964m Fully/strongly | pattern steel mesh ®6.5@20x20cm, 10cm-thick /
weathering C25 shotcrete, pattern drainage holes
®50@3.0m, rock penetration 5.0m
8cm-thick C25 shotcrete ; C25 slope facing
Overburden concrete, thickness
random steel mesh ®6.5@20x20cm. 30cm
Pattern rock bolts and anchor bar @25,
Eullv/strongl L=4.5m,@1.5x1.5m, rock penetration 4.07m,| C25 slope facing
weX;theringy exposed 43cm, folded 10cm; random steel| concrete, thickness
Below I 9  |mesh ®6.5@20x20cm; 8cm-thick €25 30cm
' shotcrete
964m
Non |Spot rock bolts ®25, L=4.5m, pattern short C25 faci
vertical |anchor bar ®25, L=1.5m,@1.5x1.5m, rock Stoptt?]_alilng
side |penetration 1.07m, exposed 43cm, folded concre;(,)cn:c ness
Weakly | slope [10cm: 8cm-thick C25 shotcrete
weatherin
g Vertical Pattern rock bolts and anchor bar ®25,| C25 slope facing
side L=4.5m,@2.0x2.0m, rock penetration 4.07m, | concrete, thickness
slone exposed 43cm, folded 10cm; 8cm-thick C25| 30cm, or gate slot
P€ shotcrete permanent lining

6.12.9 Design of Maintenance Drainage of Tailrace System During Operation Period

As described above, the lowest point of tailrace tunnel bottom slab is set at the position

of 9# construction adit to facilitate pumping water during construction period. It is proposed

to design the maintenance drainage of tailrace system during operation period on basis of this
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lowest point of tunnel. It will use the lateral passage (9# construction adit extension section)
between two tailrace tunnels and the ventilation shaft arranged by the construction contractor
to realize mutual pumping and drainage of two tailrace tunnels. The specific scheme is as

follows:

In accordance with construction contractor’s construction plan, it is planned to arrange
ventilation vertical shaft connecting with ground in the lateral passage to facilitate in-tunnel
ventilation during construction period. The lateral passage section at 9# construction adit is
about 60m long, and the lateral passage plug may be designed into the type of being solid on
both sides near tailrace tunnel and being hollow at intermediate section. The plug for solid
section at both sides is embedded with 4 DN800mm drainage sleeve and it is leading to the
ground drainage pump house through hollow plug and ventilation vertical shaft. The top end
of sleeve is sealed with flange cover. In case of maintenance of a tailrace tunnel, the sleeve
flange cover is opened. Each of the four drainage sleeves connected with tailrace tunnel is
fixed with one deep well pump. The pump pipeline goes upwards along the sleeve to connect
with the ground pump house and then connect with four drainage sleeves linking with another
operational tailrace tunnel so as to pump the water form one tailrace tunnel to another tailrace
tunnel. The pump house is set at ground above the vertical shaft for easy operation. With the

allocation of pump set, the tailrace tunnel may be emptied in 1 month.

The power for drainage pump is supplied by the diesel generator used in construction
period. The diesel generator is usually stored in easy-management warehouse. For power
supply, it is moved to nearby pump house. During power supply, it shall be protected with a

temporary canopy.

Since 9# construction adit is the lowest point of tailrace tunnel, the pumping scheme may
effectively and easily realize emptying maintenance of one tailrace tunnel during normal

power generation of another tailrace tunnel.

6.13 Powerhouse and Switchyard
6.13.1 Selection of Powerhouse Position
For the headrace development mode of underground powerhouse and in accordance with
geological conditions and the layout of water conveyance system, the position of powerhouse
shall be selected on the following principles:
(1) The selected powerhouse position shall avoid the main fault fractured belt as far as

possible.
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(2) Under the allowable geological conditions, the powerhouse position shall be
selected in combination with layout of water conveyance system cavern, to make the overall
layout more reasonable.

On basis of the selected headrace development mode, the powerhouse position is
compared and selected from the below two schemeschemes:

(O  Scheme I: the powerhouse site is located 170m downstream of the intake;

@ Scheme II: the powerhouse site is located 350m downstream of the intake.
6.13.1.1 Comparison of geological conditions

In both Scheme | and Scheme II , the layout of structures in powerhouse area is basically
same and they are both diversion-type underground powerhouse, and the powerhouse cavern,
main transformer cavern, and tailrace surge chamber are arranged in parallel. The ground of
the powerhouse area is a platform and the ground elevation is 1056.57~1063.0m. In Scheme
I1, boreholes ZK6, KBH7, ZK8, ZK37, ZK9 and ZK10 are arranged near the powerhouse site
and the borehole results reveal that in Scheme I, the surface by the powerhouse area is
composed of residual soil, the residual soil and crust of weathering are phreatic water-bearing
layer, the underground water depth is 11.5~12.5m, and underlying bedrock is Precambrian
granite gneiss, hornblende gneiss, and amphibolite. The powerhouse and main transformer
caverns are located in slightly weathered rocks, the thickness of overlying rock (calculated
from lower limit of strongly weathering) is about 40-50m. The underground powerhouse
caverns are generally of Classes I11-11 surrounding rocks, and locally of Class IV surrounding
rocks. In accordance with judgment of geological engineers, the geological conditions of the
powerhouse area of both Scheme I and Scheme 1l are similar.
6.13.1.2 Comparison of unit operation conditions

As per calculation, water flow inertia time constant Tw of pressure water channel in
Scheme 1 is about 2.22s and Tw in Scheme Il is about 3.31s, both meet the provision of no
layout of headrace surge chamber specified in Specifications for Design of Surge Chamber of
Hydropower Stations (DL/T 5058-1996).

In accordance with analytical derivation theory of small fluctuation, the smaller the
turbine working head, the poorer the small fluctuation stability of water conveyance and
power generation system. Thus, X1 and X2 operating conditions are selected as the control
operating conditions.

X1 operating condition: At upstream dead water level 1028m, downstream water level

for full-load power generation 960m, and minimum net head 58.5m, when three units of the
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same hydraulic unit operate with the predicted maximum power in an isolated grid and 10%
rated load is abruptly decreased to judge the stability of water conveyance power generation
system and units.

X2 operating condition: At upstream dead water level 1028m, downstream water level
for full-load power generation 960m, and minimum net head 58.5m, when three units of the
same hydraulic unit operate with the predicted maximum power in an isolated grid and 5%
rated load of a unit is decreased to judge the stability of water conveyance power generation
system and units.

In accordance with transition process calculation model of the two schemeschemes and
the turbine characteristics curve predicted in the program, the small fluctuation is calculated
and analyzed with Hysim program jointly developed with North China Electric Power
University. Governor parameters for Scheme | are: Bt=0.4, td=9s, tn=0.6s, Governor
parameters for Scheme Il are: Bt=0.6, td=12s, tn=1.0s. Without consideration of effect of the
power grid, i.e., self-adjustment of grid load ep=0. The calculation results are shown inTable
6.13.1-1.

Calculation results of small fluctuation transition process of SchemeSchemes I and Il

Table 6.13.1-1
Relative Adjustment time Water level
Operating deviation Oscillation to enter £0.4% L
Scheme - . . fluctuation in surge
condition of maximum times frequency band
. - chamber
speed of unit width
X1 5.3% 15 265 Tending to
convergence
Scheme |
X2 3.0% 05 165 Tending to
convergence
X1 6.6% 15 605 Tending to
convergence
Scheme |1
X2 3.4% 0.5 265 Trending to
convergence

From the above table, it is clear that the small fluctuation of water conveyance and
power generation system of two schemeschemes is stable, and adjustment quality conforms to
Guidelines for Analysis of Transition Process of Hydropower Plant. Comparatively speaking,
the stability and adjustment quality of small fluctuation of Scheme | is superior to that of
Scheme II.

6.13.1.3 Comparison of investment
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The geological boreholes reveal that the permeability of bedrock in the powerhouse area
is generally below 0.1Lu, and the permeability coefficient of residual soil and completely and
strongly weathered rocks is generally 3.1x10°cm/s~2.0x10“cm/s. The powerhouse position
of Scheme I is near the riverbed (about 170m). If there is water-transmitting structure, the risk
of seepage of river water into the underground powerhouse in Scheme | is higher than that in
Scheme I1. In Scheme |1, merely the upstream side of the powerhouse is provided with two
layers of drainage gallery mainly to prevent the upstream river water from seeping. In Scheme
I, two layers of drainage gallery are set on three upstream water faces of powerhouse, the
drainage gallery is 400 longer than that of Scheme Il. The drainage gallery is provided with
curtain grouting and drainage hole. The increased engineering quantities of 400m-long
drainage and anti-seepage system of Scheme | as compared to Scheme Il are shown in Table
6.13.1-2.

Increased engineering quantities of drainage and anti-seepage system of Scheme | as

compared with Scheme 11

Table 6.13.1-2
No. Item Unit Increment Remark
1 Soil-rock excavation for tunnel m® 3620
2 C25 plain shotcrete, thickness 5cm m® 175.5
3 Ordinary mortar rock bolts ®22, L=2m | Piece 780
4 Curtain grouting borehole @65 m 3713
5 Curtain grouting t 185 Cemen;g?(gitjnmptlon:
6 Drainage hole ®50, L=3.0m m 6489
7 @50 spring drain tube m 377
8 ®50 PVC tee connection Piece 320
9 Pavement concrete C30 m? 491.5

The calculation shows that the investment in drainage gallery of Scheme I is USD 4.06
million higher than that of Scheme II.

Compared with Scheme |1, the powerhouse position of Scheme 1 is adjusted upstream by
about 180m and the engineering quantities of six headrace tunnels are decreased, as shown in
Table 6.13.1-3. The engineering quantities of two tailrace tunnel is increased, as shown in
Table 6.13.1-4.
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Comparison of change of engineering quantities of
headrace tunnel of SchemeSchemes | and 11

Table 6.13.1-3
Decrease amount of
No. Item Unit | Scheme | as compared Remark
with Scheme 11
1 Rock excavation for tunnel m® -45780
2 | C25Ws8 concrete (lining, three-graded) m? -7770
3 C25W8  concrete  (bottom  slab, m3 2835
two-graded)
4 Fabrication and erection of rebar t -609
5 Rubber waterstop strip m -1713
6 mortar rock bolts ®28, 6.0m Pcs. -501
7 mortar rock bolts ®25, 4.5m Pcs. -1798
8 mortar rock bolts ®22, 3.0m Pcs. -1533
9 [Advance ductule ®42, 4.0m Pcs. -108
10 [Pre-stress rock bolts ®28, 6.0m Pcs. -80
11 | CF25 shotcrete (thickness 5cm) m? -55
12 Steel mesh and C25 shotcrete (thickness m3 -491
10cm)
13 | Steel mesh and C25 shotcrete (thickness| s 47
5cm)
14 Injecting plain C25 concrete (thickness m 538
10cm)
15 [Plain C25 shotcrete (thickness 5¢cm) m? -47
16 |Rebar for steel mesh t -21
17 | Steel fiber t -3
18 [Consolidation grouting m -9618
19 Cemqnt consumption for consolidatin ¢ -309
grouting
20 |Back-fill grouting m? -6382
21 Cemgnt consumption for  back-fill t 351
grouting
22 | Shaped-steel arch frame t -6
23 | Rebar archrib t -3
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Comparison of change of engineering quantities of
tailrace tunnel of SchemeSchemes | and I

Table 6.13.1-4
Increment of
No. Item Unit | Scheme | as compared Remark
with Scheme 11

1 C25WS8 concrete (lining, two-graded) m® 47581

2 '[Cvfc?gvvrgded)concrete (bottom  slab, m 3734

3 Fabrication and erection of rebar m? 885

4 Rubber waterstop strip t 506

5 Orindary mortar rock bolts ®28, 8.0m m 1102

6 Orindary mortar rock bolts ®28, 6.0m Pcs. 810

7 Expansion rock bolts ®24, 6.0m Pcs. 3198

8 Advance ductule ®42, 4.0m Pcs. 55

9 Pipe roof ®114, L=12m Pcs. 84

10 |[C25Wa8 concrete (lining, two-graded) Pcs. 17

11 | CF25 shocrete (thickness 5¢cm) m® 483

12 it)ecer:1 )mesh and C25 shotcrete (thickness m3 1027

13 [Plain C25 shotcrete (thickness 5¢cm) m* 3

14 | Rebar for steel mesh t 37

15 | Steel fiber t 24

16 | Consolidation grouting m 1800

17 gﬁmflr;; consumption for consolidation t 108

18  |Back-fill grouting m? 4235

19 g&?ﬁﬂ; consumption for  back-fill t 233

20 | Shaped-steel arch frame t 100

The calculation shows that the investment in water conveyance system of Scheme | s
about 3.57million USD lower than that of Scheme Il. After comprehensive consideration of
the investment in drainage gallery system, the investment of Scheme Il is USD about 500,000
lower than that of Scheme I. Conclusion: According to the comprehensive comparison results
in geological conditions, unit operation conditions, underground powerhouse anti-seepage
drainage measures, and project investment, Scheme Il is recommended as the powerhouse

site.
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6.13.2 Comparison of Powerhouse Axis

For the headrace development mode of underground powerhouse, and in consideration of
geological conditions, and layout of water conveyance system, the powerhouse axis shall be
further compared on the following principles:

(1) There shall be a big angle formed between the powerhouse axis direction and the
main geologic structural planes.

(2) The powerhouse cavern longitudinal axis shall be consistent with the direction of
maximum horizontal geostress or form a relatively low included angle.

(3) Under allowable geological conditions, the longitudinal axis direction of
powerhouse cavern shall be selected in combination with layout of water conveyance system
cavern to make the overall layout more reasonable.

At current survey, the surrounding rock is not subjected to any in-situ stress test. In this
Project area, there is a rather thick weathered profile, which indicates that the geological
structure has been stabilized for a long time. The East African Great Rift Valley System
Epeirogeny is about 70km from the Project site. The structure and residual stress can be
neglectable. Moreover, the powerhouse is located at shallow stratum, thus, the gravity stress
in powerhouse area is very small. The geostress direction slightly affects the selection of
powerhouse axis direction. Hence, in the selection of the powerhouse axis direction, main
considerations shall be given to forming an advantageous intersection angle with the main
geologic structural plane and also the layout of the water conveyance system.

The powerhouse area surface is gentle terrace, and the ground elevation is
1056.57~1059.82m. The overburden is 26~39m thick, and it mainly consists of laterite and
residual soil. The bedrock mainly consists of granite gneiss (with great change of the content
of biotite), 1~2m wide hornblende gneiss and hornblende belt are found. In the powerhouse
area, the overlying weakly weathered and new rocks are 27.91~37.89m thick, and they are
hard ~extremely hard, and have high strength.

In EIPL’s “Feasibility Study Report of Karuma HPP”, the underground powerhouse axis

direction is N24°W. In the powerhouse area, the gneissosity occurrence is N43°E NW /76°~
N51°E SE ~£80°, the dip angle is moderately gentle ~rather steep, and medium-dip angle
locally is likely to occur under the effect of folds. The included angle between powerhouse
axis and gneissosity occurrence is 67~75 °, which is rather advantageous. The occurrence of
three joint groups is N27°W NE £82°, N87°W NE £82°, N77°W SW £50°. The first group

is nearly in parallel with the powerhouse and it is the disadvantageous joint group and the
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other two groups form included angle of 50~60° with powerhouse axis, which is rather
advantageous.

In the site survey, one SN joint group was found at about 24° angle with the powerhouse
axis. In order to strengthen stability of powerhouse upstream and downstream sidewalls, in
the recommended scheme, the powerhouse axis rotates counterclockwise by 15°, i.e.
N39°W.

6.13.3 Comparison and Selection of Underground and Ground Main Transformers
6.13.3.1 Determination of layout of main transformer

For this Project, the layout of main transformer is subjected to detail economic and
technical comparison and selection in underground type and ground type on basis of headrace
underground powerhouse development mode, with reference to experience of built projects,
and in consideration of special conditions of the Project.

(1) Underground main transformer scheme (Scheme 1)

One main transformer cavern is arranged in parallel 40m downstream of the
underground powerhouse and the main transformer is arranged in the main transformer cavern.
The excavation dimensions of the main transformer cavern are 198x14.5x33/16.15m (LxWx
H), including GIS section with length 126m and height 33m, and it is connected with main
powerhouse through traffic & cable tunnel, and bus tunnel. Near the main transformer cavern,
the MAT is branched into the main transformer ventilation tunnel which is used as the
intermediate excavation passage of main transformer cavern and the main transformer
transport passage during construction period. In case of maintenance of main transformer, the
erection bayerection bay is accessible through the main transformer ventilation tunnel and
the MAT, and at upstream side of the right of main transformer cavern, it is connected with
auxiliary roomroom through traffic & cable tunnel.

Two 400kV cable-vert shafts are set 25m downstream of the main transformer cavern,
which has net section diameter of 10m and the full-section is lined with 0.8m-thick concrete.
The elevation of vertical shaft bottom is same as generator floor (EI. 947.55m). Its top is
ground at EI. 1060m, and total length is about 110m. 400kV high voltage cable is connected
to the ground switchyard via the cable-vert shafts.

The ground switchyard is arranged on ground above powerhouse at EI. 1060m. The site
size is 230mx85m. The yard is provided with outgoing line truss and control building.

(2) Ground main transformer Scheme (Scheme I1)

In the ground main transformer scheme, the main transformer is moved to ground
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substation.11kV station-service power is stepped down by 132KV substation and then fed to
station distribution board in ground central control room through ground cable channel. The
station-service power necessary for underground powerhouse is fed through bus vertical shaft
and bus duct tunnel to the common distribution board on generator floor of underground
powerhouse.

Three bus vertical shafts are set 15m downstream of the powerhouse, which has net
section diameter of 8 m. The full-section is lined with 0.6m-thick concrete. The elevation of
vertical shaft bottom is same to generator floor (947.55m). Its top is ground at EI. 1060m, and
the total length is about 110m. The bus is connected to ground substation through bus vertical
shaft.
6.13.3.2 Comparison of layout of main transformer

The layout mode of underground main transformer and ground main transformer are
comprehensively compared from topographic and geological conditions, layout and operation
conditions, construction conditions, construction period and project investment.

(1) Topographic and geological conditions

In the two schemeschemes, the switchyard position is basically same, the site is
topographically gentle, in the site range, no adverse geological action is developed, the
lithology is mainly granite gneiss and amphibolite, and underground water level is generally
10~26m. The structure is not developed and no active fault passes. The site is stable and has
good suitability.The characteristic value (fak) of bearing capacity of foundation soil is
160~180kPa, the suggested value of compressive modulus (Es) is 7~9MPa, and foundation
bearing capacity and settlement can meet engineering requirements.

In Scheme |, the overlying rock of underground main transformer cavern is about
40~50m thick (2-2.8 times the tunnel diameter), and basically meets requirement of 1.5~2.0
times the overlying rock thickness indicated by engineering experiences. The top arch of
underground main transformer cavern is totally stable. The joint group N73-82°W SW £ 45-65°
and medium-steep gneissosity is liable to form unstable random mass with random joint at the top
arch. NE sidewall of main transformer cavern is affected by joint group N73~82°W SW /£ 45~65°,
and unstable mass is likely to form locally.

In a word, two schemeschemes have sound geological conditions, but Scheme 11 is
superior to Scheme 1, since it involves with with less engineering geological problems due to
cancellation of main transformer cavern.

(2) Layout and operation conditions
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In Scheme 1, six bus duct tunnels are arranged between powerhouse and main

transformer cavern, the power generation equipment may be arranged in bus duct tunnel, and
the unit bay has sufficient arrangement space.

In Scheme 11, after cancellation of main transformer cavern, 6 units adopts symmetrical
outgoing line type (as shown in Fig.6.13.3-1), the intermediate layer is provided with
generator equipment, then buses pass upwards to the generator floor, and finally 2 units’
outgoing bus is taken as one group, through 3 bus tunnels and bus vertical shaft, outgoing

lines are connected with ground substation, as shown in Fig.6.13.3-2.
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Fig. 6.13.3-2 Outgoing line through bus tunnel and bus vertical shaft

Compared with Scheme I, the layout of Scheme Il in unit bay is somewhat restricted. In
Scheme 11, the bus tunnels may be decreased to three 13m bus horizontal tunnel to reduce

excavation engineering quantities of bus tunnel.
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In Scheme 11, low voltage big-current bus substitutes the high voltage cable of Scheme |
to transmit power, resulting in high loss. Calculated on basis of unit annual utilization hour of
7290 hours, the annual bus loss of Scheme I1 is 4.09 million kW.h higher than Scheme I.

(3) Construction conditions and construction period

a. Layout of construction adits

In Scheme I, the main transformer ventilation tunnel branched from ventilation and
emergency tunnel may be used as top excavation construction passage of main transformer
cavern during the construction period, and the main transformer ventilation tunnel branched
from access tunnel may be used as construction passage of main transformer cavern bottom
and cable-vert shaft during the construction period.

Since Scheme Il has no main transformer cavern and the corresponding air intake tunnel
and exhaust tunnel, three bus vertical shafts and the construction adits aer required.

In above-mentioned two schemeschemes, the total length of construction adits and total
investment are not highly different.

b. Construction conditions

Scheme 11 cancels the excavation and support for main transformer cavern and its
construction conditions are superior to those of Scheme 1.

c. Project construction period

In the above-mentioned two schemeschemes, one of critical construction path is
construction of 8.5~8.9km long tailrace tunnel or headrace tunnel, the construction conditions
and construction period are basically same, and the construction period directly affects the
construction period of power generation and construction period of Project completion. The
construction period of two schemeschemes is not substantially different.

The two schemeschemes are not substantially different from construction adit layout and
project construction period, however from construction conditions, Scheme Il is overall
superior to Scheme 1.

(3) Comparison of engineering quantities and project investment

(O Comparison range

The comparable portions of SchemeSchemes | and Il include main transformer cavern,
construction adit and electric equipment. The investment difference resulting from
construction conditions and construction progress is not considered.

2 Engineering quantities and project investment

Compared with Scheme I, Scheme Il cancels the main transformer cavern, and the main
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transformer is arranged on the ground. Corresponding cancellations mainly include
transformer air intake tunnel, main transformer exhaust tunnel, traffic & cable tunnel, and bus
duct tunnel. Six tunnels are changed to three tunnels, and two high voltage vertical shafts are
changed to three bus vertical shafts. The comparable engineering quantities of civil works are
shown in Table 6.13.3-1 and the comparable engineering quantities of electrical equipment are
shown in Table 6.13.3-2.

Comparable engineering quantities of civil works

Table 6.13.3-1
No. Description Unit Quantity Remark
Scheme | Scheme 11
Earth open excavation m? 55000.00 82500
Rock open excavation m? 44705.00 67057
1 |Rock excavation of tunnel m? 120525 60911
2 |plain shotcrete C20 m? 2097 1225
3 | Steel mesh and shotcrete C20 m? 1997 1930
4 |Steel fibre shotcrete m? 1210 77
5 |Concrete m° 44956 47972
6 |Rebar fabrication and installation t 2225 2480
7 | Steel products t 83 99
8 |Steel fibre kg 60500 3850
9 |Rock bolt ®925 L400 Piece 3135 9806
10 |Rock bolt ®¢25 L600 Piece 14763 1356
11 | Anchor beam(3¢28 L1200) Piece 120 180
12 | Drain hole 950 L=4500 m 11628 10454
13 |Flexible drainage pipe ¢50 m 9765 8410
14 | Consolidation grouting m 1653 129
15 |Backfill grouting m? 4444 2933
16 |Prestressed bolt 936 L=12 Piece 365 —
17 Pre-stressed anchor beam 100t class Piece .
L=25m 120

As shown by contract of comparable investment, the civil works comparable investment
of Scheme | and Scheme Il is USD 60.9 million and USD 43 million, thus, the civil works

investment of Scheme 11 is reduced by USD 17.9 million.

1-307



Karuma Hydro Power Plant & Its Associated Transmission Line Works Feasibility Study Report

(Section 1 Hydro Power Plant)

Comparable engineering quantities of electrical equipment

Table 6.13.3-2
Scheme | Scheme 11
Scheme
Unit price Quantity Subtotal
400kV GIS 890000USD/ uUsD 9.83
; 11 bays -
switchgear bay million
2000 USD/ 1800
400KV GIS bus | single-phase | single-phase US.D.3'8
million
meter meter
400kVHV cable | 500USD/m 1820 m usD
880000
HV cable 65000 . uUsD 1.17
termination USD/piece 18 pieces million
11kv USD?s(i)r? le-p| sin }:-OOhase USD siio?gsrll?i/se sir128I2(—) h Usb 2.27
isolated-phase bus h gle-p gle-p 880000 gle-p gle-p million
asemeter meter pre meter ase meter
Total USD 16.57 million USD 2.27 million
Price difference USD +14.3 million o

From the above investment analysis, it is concluded that the comparable investment of
Scheme 11 is USD 32.20 million lower than that of Scheme | and Scheme Il is obviously
superior to Scheme 1.

Conclusion: From the result of comprehensive comparison of Project topographic and
geological conditions, layout, operation conditions, construction conditions, construction
period, and project investment, Scheme 11 is superior to Scheme I. However, Scheme Il will
annually increase power loss of about 4.09 million kW.h. Meanwhile, in order to response to
the requirement of the Tendering Documents, Scheme | is recommended in this stage. If
approved by the Project Owner in next stage, Scheme Il may be considered, and further
comparison will be conducted for GIS and open type equipment.

6.13.4 Layout of Structures in Powerhouse Area

The underground powerhouse is arranged 80m underground at the left bank about 220m
from river bank of Kyoga Nile River, and longitudinal axis orientation of the powerhouse is
N39°W. Six hydrogenerator units with unit capacity of 100MW will be installed in the
powerhouse and the total installed capacity is 600MW.

The powerhouse area is mainly composed of main powerhouse, auxiliary roomeoom,
main transformer cavern, bus duct tunnel, cable-vert shaft, main transformer transport tunnel,
cable & access tunnel, MAT, and EVT.
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The erection bayerection bay, the units bay, and auxiliary roomroom are arranged in form
of a straight line, the total length of powerhouse cavern is 226.5m, and cavern width is 21m.
The erection bayerection bay is 45m long, the units bay is 156.5m long and the auxiliary
roomroom is 25m long.

The main transformer cavern is set 40m downstream of the main powerhouse. The main
transformer cavern has width of 14.5m, and total length of 198m, including 126m GIS section.
Seven 3-phase transformers are set in main transformer cavern.

Two 400kV cable-vert shafts are set 25m downstream of the main transformer cavern.
The cable-vert shaft is about 110m high, and its net section diameter is 10m. The full-section
is lined with 0.8m-thick concrete. The shaft is provided with cable-vert shaft, exhaust shaft,
stair and fire fighting elevator.

For each unit, there is a bus duct tunnel set between the main powerhouse and the main
transformer cavern. The auxiliary roomroom and the main transformer cavern are connected
through the cable & access tunnel.

The ground switchyard is arranged on ground over the powerhouse at El. 1060m. The
site size is 230mx85m. The switchyard is provided with outgoing line truss and control
building.

6.13.5 Layout of Underground Powerhouse

The inside layout of powerhouse includes the erection bay, the units bay, auxiliary room,
main transformer cavern, bus duct tunnel, cable & access tunnel, and cable-vert shaft, as
described below:

(1) Erection bay

The erection bay is arranged at the left side of the units bay, and it has same elevation as
generator floor, at EI. 947.55m, it is 21m wide and 45m long, including 40m-long installation
and maintenance site for bulky parts of all kinds of equipment. The bulky parts of unit
equipment such as stator, rotor, head cover, runner, upper and lower brackers are placed
within the bridge crane hoisting limit line. The 5m-long fan room is set at the end of the
erection bay.

(2) Units bay

Six hydrogenerator units (unit capacity 100MW) will be installed in the units bay, the
unit setting elevation is 937.10m, and the unit interval is 25.5m.

The units bay is divided into 4 floors, including the generator floor at El. 947.55m, the
intermediate floor at EI. 942.00m, the spiral case floor at EI. 930.09m, and the draft tube floor
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at El. 921.08m.

The ground elevation of the generator floor is 947.55m, one 3mx2.5m lifting hole is set
between unit bays, which corresponds to the lifting holes of the below floors for lifting unit
equipment and panel and cabinet. The lifting hole shall be within the bridge crane hoisting
limit line. At the downstream side of each unit, there are machine-side panel and excitation
panel. The powerhouse adopts rock-bolted crane beam scheme and is equipped with two 200t
bridge cranes. The top elevation of bridge crane rail is 961.80m, and ceiling bracket are set
over the bridge crane at El. 967.50m for placing roof lattice frame and the frame is used to
arrange heating-ventilation air duct.

The elevation of intermediate floor is 942.00m. The bus duct tunnel is set on downstream
side of each unit to leading to the main transformer cavern.

The elevation of spiral case floor is 930.09m and it is used mainly for arranging
hydraulic equipment.

(3) Auxiliary room

The auxiliary room is totally divided into 7 floors, they are from bottom to top: water
treatment room, air compressor room, cooling machine room, electrical equipment room and
protection and control equipment rooms (including battery room, common LCU room and DC
distribution room, communication equipment room), and blower room.

(4) Main transformer cavern

The excavation dimensions of main transformer cavern are 198x14.5x33/16.15m (L x W
x H) and GIS section is 126m long and 33m high. The main transformer cavern is located
40m downstream of the main powerhouse, is arranged in parallel with the main powerhouse
and connects the main powerhouse through the traffic cable tunnel and bus tunnel. Near the
main transformer cavern, main transformer ventilation tunnel is branched from the access
tunnel, which is used as the intermediate excavation passage of main transformer cavern and
main transformer transport passage during the construction period. In case of maintenance of
main transformer, the erection bay is accessible through the main transformer ventilation
tunnel and access tunnel. At upstream side of the right of main transformer cavern, it is
connected with auxiliary room through traffic cable tunnel.

(5) Bus duct tunnel

The bus duct tunnel is 40m long, the excavation section is 7x7m (Wx H), and the bottom
slab elevation is 942.00m, same as that of the intermediate floor of main powerhouse. The
tunnel is mainly provided with bus, PT cabinet and generator circuit breaker. Due to many
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electric devices in the bus tunnel, in order to make them work in dry environment, the
full-section of bus tunnel is lined with 50cm-thick reinforced concrete.
(6) Cable & access tunnel
Cable & access tunnel is set between the downstream side of auxiliary room and the
main transformer cavern, which is mainly used for access road and cable-laying and has
sectional dimensions of 3x3m.
(7) Cable-vert shaft
There are two cable-vert shafts (1# cable-vert shaft and 2# cable-vert shaft), the net
section diameter is 10m, and the full-section is lined with 0.8m-thick concrete. The elevation
of the vertical shaft bottom and generator floor is same at EIl. 947.55m, its top is ground at El.
1060m or so, and total length is about 110m. 400kV high voltage cable is connected to the
ground switchyard through the cable-vert shaft. The cable-vert shaft is equipped with one stair
and one fire fighting elevator. A 10mx5mx4.5m (LxWxH) fire pump room is excavated at EI.
1000m or so.
(8) Main Access tunnel, and escape & ventilation tunnel
The MAT enters the powerhouse from downstream sidewall of erection bay and connects
the access road. The access tunnel has total length of 1407.328m and adopts inverted
“U”-shaped section. The net section is 10/8x8.5m (the section at Chainage 0+0~1+264.288m:
net width 10m, and the section at Chainage 1+ 264.288~1+407.328m: net width 8m). The
portal elevation is 1025m, the access tunnel elevation is 947.55m, and the mean longitudinal
slope is 5.5%. The access tunnel is used as the main traffic passage of the plant, the air
intake passage of powerhouse, and the construction access for excavation of middle portion
of the powerhouse during construction period. The ventilation and emergency tunnel is
connected to the auxiliary room and the right wall of main transformer cavern respectively
and it may be used as the excavation passage of the powerhouse and the top arch of main
transformer during construction period, and as the escape and exhausting passage during
operation period.
(9) Drainage system
The drainage system is designed on the principle “Drainage first and combination of
blocking and discharging”. Upstream the powerhouse, 2 layers of drainage gallery are
arranged. The drainage gallery is of inverted “U” shape, and its excavation section is 3x3m.
The upper layer of drainage gallery is provided with ¢65 “A” shaped drainage curtain dipping

towards the main powerhouse and the main transformer cavern. Vertical drainage curtain is
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set between the upper and lower drainage gallery to drain the water infiltrated to surrounding

rocks. Moreover, one anti-seepage grouting curtain is set on the lower drainage gallery to

connect the grouting curtain of the headrace tunnel. Since in this Project, the conditions for

full gravity flow and drainage tunnel are unavailable, the leaking water in powerhouse is

pumped, all the seepage water is collected to the sump and then pumped to tailrace surge

chamber through tailrace tunnel.

6.13.6 Excavation and Support of Underground Powerhouse

6.13.6.1 Thickness of rock pillar between main powerhouse and main transformer cavern

The thickness of rock pillar between caverns is different depending on standards of each

country and each industry and the geological conditions, as shown in Table 6.13.6-1.
Generally, after total statistic analysis, there is following relationship between rock pillar
thickness L (distance between sidewalls) and excavation span B of adjacent caverns: L/B is
1~3.5.

Standards of rock pillar thickness between caverns of countries and industry
Table 6.13.6-1

Interval between caverns

Overall Medium Rather Description Source of data
hard rock rock poor rock
2 2.5~3 3.5 Times of gross span The ministry of Railway, PRC
. » » . Hubei Comprehensive Survey
1~15 15~2 2~2.3 Times of gross span Institute, PRC
1~15 1.5~2 2~2.3 Times of gross span Engineer Corps Headquarters, PRC

Times of mean span of
adjacent caverns

Design Code for Powerhouse of

Not below 1~1.5 times Hydropower Station, PRC

Equal to tunnel height Norway
Above tunnel height Conditions of mine tunnel E.HOCK, GB
Above gross span or height of USA

tunnel

Above 0.5~1 time of sum of width

of 2 caverns Hydropower Manual, India

Above range of cavern relaxation Central Research Institute of
region Electric Power Industry, Japan

(1) Relationship between rock pillar thickness and mean span between adjacent caverns

In the report, the statistic analysis of the built (underway, proposed) projects at home
and abroad show that the ratio of the rock pillar thickness to the mean span between adjacent
caverns is about 0.8~2.3, and such ratio of most projects under construction is about 2.0. For

main powerhouse and main transformer cavern of Karuma HPP, if the rock pillar thickness is
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40m (distance between sidewalls), the excavation width below rock-bolted crane beam of

main powerhouse is 21m, the excavation span of main transformer cavern 14.5m, the ratio of
rock pillar thickness to the mean span between adjacent caverns is 2.25 times, which
conforms to the requirements in Design Code for Powerhouse of Hydropower Station.
(2) Relationship between rock pillar thickness and maximum excavation span and

height of adjacent cavern

In accordance with the data on underground powerhouses of large-middle sized
hydropower projects at home and abroad, the statistics data of the relationship between
excavation dimensions of underground powerhouse and thickness of rock pillar between
caverns are shown in Fig. 6.13.6-1~2, the following relationship exists between rock pillar
thickness L between adjacent caverns and the maximum excavation span B and height H
between adjacent caverns:

L/B=0.6~1.80, in which L/B of about 50% hydropower plants is 1.00~1.80;

L/H=0.35~0.8, most L/H=0.5~0.75

In this Project, if the thickness L of rock pillar between the main powerhouse and the
main transformer cavern is 40m, the maximum excavation span of cavern B is 21m, the
maximum excavation height H is 56.5m, L/B and L/H is 1.9 and 0.71 respectively, the L/B
and L/H values belong to high level in statistics of large-middle sized underground projects at
home and abroad. From engineering analogy analysis, the rock pillar thickness between two
big caverns can meet the stability requirement on cavern surrounding rocks.

Table of interval between caverns of built, under construction, proposed underground

powerhouses at home and abroad

Table 6.13.6-2
. Big cavern | Small cavern Mean times
Hydropower Surrounding ; . .
Country excavation excavation Interval of excavation
plant rock
span span span
Baishan China Migmatite 25.0 15 16.5 0.83/0.66
Gongzui China Granite 24.5 5 22.3 1.51/0.91
Tianhuangping| - ;o Tuff 21.0 18.0 335 1.72/1.59
phase |
Guangxu China Granite 21.0 17.24 35.0 1.83/1.67
phase |
Xiaolangdi China Sandstone 25.0 144 32.8 1.66/1.31
Ertan China Syenite 26.0 17.4 60.0 1.83/1.57
Xiludu China Basalt 25.75 17 49.1 2.3/1.91
Xiaowan China Gneiss 29.5 22 55.0 2.14/1.86
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Yixing China Sandstone 22.0 175 40 2.03/1.82
Metamorphic

Churchill Falls Canada granite 24.7 15.9 17.0 0.84/0.69

gneiss

La Grand II Canada Granite, 26.4 22 275 1.14/1.04
metamorphic

Takase-gawa Japan granite 27.0 20 28.5 1.21/1.06

Mofeierta Mexico metamorphic 21.0 6.8 15.0 1.08/0.71

Portage USA | Sandy shale 20.0 17.4 35.9 1.92/1.80

Mountain

Maijia Canada Quartz gneiss 24.4 125 15.3 0.83/0.63

Shintoyone Japan granite 22.7 13.2 26.4 1.47/1.16

Kops Argentina | amphibolite 25.8 12.2 24.0 1.26/0.93

Jingping | China marble 25.9 17.8 45 2.06/1.74

Sandstone,

Longtan China silty stone 28.3 195 43 1.8/1.52
interbedding

Baobugou China Granite 26.8 18.3 43.9 1.95/1.64

Tongbai China Granite 24 18 38 1.81/1.58

Taian China Granite 245 175 35 1.67/1.43

Baoquan China granite gneiss 215 18 35 1.77/1.63

Jingping 11 China Marble 25.8 19.8 45 1.97/1.74

Note: the dimensions in the table are in meter. In the column of “times of excavation span”, the former
is rock pillar width/mean excavation span, and the latter is rock pillar width/the maximum cavern

excavation span.
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6.13.6.2 Excavation and support of underground caverns

The bedrock of powerhouse cavern is fresh, compact, strong-highly strong granite gneiss
sandwiched amphibolite and thin pegmatite belt. The main overburden along the caverns is
slightly bigger than 1.5 times of tunnel diameter. The thickness of overlying rock-earth mass
of the powerhouse is 68~71m. The surface/saprolite layer and sand-silty sand stratum above
the fresh foundation is possibly rich in underground water. The foundation rock is
impermeable (< 1 Lugeon). Some permeable area is likely to exist. The water likely seeps to
underground caverns. In order to mitigate the state, the drainage measures shall be taken at
excavation of the powerhouse cavern and other accessory structure.

The powerhouse area is a gentle terrace, and the ground elevation is 1056.57~1059.82m.
The overburden is 26-39m thick and mainly consists of laterite and residual soil. The bedrock
mainly consists of granite gneiss with great change of biotite content, 1-2m thick hornblende
gneiss and hornblende belt is found. At the powerhouse area, the overlying weakly weathered
and fresh rock is 27.91~37.89m thick, and it is hard ~extremely hard, with high strength.

The gneissosity occurrence is N43°E NW £76°~ N51°E SE ~£80°, the dip is medium
gentle to rather steep, and under the effect of folds, medium dip exists locally. The included
angle between the powerhouse axis and gneissosity occurrence is 67~75 °, which is rather
advantageous. The occurrence of three groups of joints is N27°W NE £82°, N87°W NE .~/ 82°,
and N77°W SW £50° respectively. The alluvial/weathered strata above weakly weathered
rock is phreatic water-bearing layer, and the distribution elevation is 1028.11~1031.52m. The
depth of underground water is 9.64~12.42m, and the elevation is 1046.93~1047.40m. The
bedrock permeability is <<1Lu, and is slightly permeable. In some weak regions, it is
impossible to test the permeability, and these regions would become the seepage passage of
underground water.

Since the rock overburden of powerhouse cavern is thin, the excavation may be
conducted at the top firstly and then in stepped excavation mode. At top excavation stage, a
pilot hole of a proper size is cut, and then excavation is laterally extended. Due to low gravity
component, good natural stability may be maintained in the tunnel. In order to reach the
required stability, rock bolting with suitable length and shotcrete support with proper
thickness shall be used. After support at top cavern, the staged excavation is started in lower
cavern, and adequate rock support is provided. The Q values and corresponding RMR of rock
at powerhouse cavern and surge chamber cavern are 12~7.20 and 66 ~62 respectively.

In Project area, the land block is relatively stable, the structure stress and residual stress
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are relatively small, burial depth of powerhouse is relatively low, and thus it is preliminarily
judged that the geostress in powerhouse area is relatively small.

The Q system and RMR classification values of surrounding rocks of the powerhouse
complex and surge chamber are 12~18 and 66~70 respectively, the rock has good quality;
however, due to thin rock thickness at tunnel top, there may be seepage in local
joint-developed section, so anti-seepage treatment shall be taken. Due to big cavern span and
height and lack of direct data on quality characteristics of deep rock in early stage exploration,
unstable block mass is likely distributed at top arch and sidewall, and timely support is
needed.

The main transformer cavern is located 40m downstream of the powerhouse cavern, and
the structural plane conditions and permeability are basically the same as those of the
powerhouse.

In accordance with underground engineering geological conditions and experiences of
similar projects, the support parameters for underground powerhouse cavern are primarily
selected as follows: top arch systematical rock bolts ®25/28, L=6m/8m alternating at interval
1.5x1.5m, arch springing: 2 rows of diameter ®28 rock bolts, L=8m, interval 1.5x1.5m, and
15cm-thick steel fiber shotcrete, sidewall: systematical rock bolts ©25/28, L=6/8m,
alternating at interval 1.5x1.5m and 15cm-thick plain shotcrete, 15cm-thick random steel
mesh and shotcrete or steel fiber shotcrete. The preliminarily proposed systematic support
parameters for main caverns are shown in Table 6.13.6-3.
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List of preliminarily proposed support parameters for two big caverns of underground

powerhouse
Table 6.13.6-3
Structure dimensions Pre-stressed
Item | Location (m) Design support parameters (m) anchorage cable
Long | Width | Height Irock bolts

@ ®25/28L.=6/8, alternating, @1.5x1.5

§ Toparch | 226.5 | 224 | 56.5 |arch springing : 2 rows ®28 L=8 @1.5x1.5 | Random setting

g 15cm-thick steel fiber shotcrete

=3 ®25/28, L=6/8 alternating @1.5X1.5

= | Sidewall 21 plain shotcrete, 15 cm-thick random steel Random setting

= mesh and shotcrete or steel fiber shotcrete

®25, L=4/6, alternating @1.5X1.5
Toparch | 198 | 14.5 | 33/16.5 |archspringing: 2 rows ®25, L=6,@1.5x1.5 | Random setting
15 cm-thick steel fiber shotcrete

D25, L=6@1.5X1.5

Sidewall 15 cm-thick plain shotcrete, random steel Random setting
mesh and shotcrete or steel fiber shotcrete

Remark: Length of rock bolt is in meter.

Main transformer
tunnel

6.13.6.3 Analysis of integral stability of surrounding rocks in underground caverns

In order to understand the mechanical behaviors of surrounding rocks in excavation
process of underground powerhouse caverns of Karuma HPP, such as deformation rule,
deformation volume, possible destabilization failure mode of surrounding rocks and the
location, it is necessary to conduct value simulation excavation analysis, and comprehensively
assess the cavern stability before large-scale excavation of caverns. Thus, on basis of
inversion of geostress, value simulation technique is used to simulate the excavation of
underground powerhouse, analyze and summarize the distribution characteristics and
evolution rule of surrounding rocks in the excavation process (such as displacement field,
stress field, and plastic zone) so as to provide basis for design of excavation and support for
underground powerhouse. The calculation is made with commercial software FLAC™.

The calculation model includes the following caverns: main and auxiliary room caverns,
main transformer cavern, tailrace surge chamber, tailrace tunnel, and bus tunnel. The
three-dimensional calculation grid of main powerhouse, main transformer cavern, and tailrace
surge chamber and water conveyance system is shown in Fig.6.13.6-3. It is divided into
742809 units and 125193 nodes in total.
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Fig. 6.13.6-3 Three-dimensional grid of main cavern and water conveyance system
The constitutive model of rocks adopts Mohr-Coulomb model and the calculation
parameters are shown in Table 6.13.6-4. calculation is conducted as per Class Il surrounding
rocks and the mean value of each parameter is taken.
Recommended physical and mechanical parameters for surrounding rocks
Table 6.13.6-4

Uniaxial Specific Deformation
Classification compressive weight Shear strength modulus Poisson’s ratio
of strength
surrounding RMR ; ,
rock Rc p C f E u
MPa kN/m® MPa GPa
Class Il
(good rock >60 40~50 26.5~28.0| 1.6~1.8 1.1~1.2 11~13 0.15~0.2
mass)
Class Il
(good rock | 41~60 25~35 25.0~26.5( 0.9~1.1 0.8~0.9 4~8 0.20~0.25
mass)
Class IV
(poor rock | 21~40 10~15 23.0~25.0| 0.3~0.4 0.5~0.6 1~-3 0.25~0.3
mass)
Class V(very
poor rock <21 / 22~23 0.05~0.1 24~28 0.1~0.5 0.3~0.35
mass)

(1) Displacement of main powerhouse
In excavation process, the displacement field of surrounding rocks in main powerhouse

ceaselessly evolutes. The analysis of displacement results of typical sections of 2 and 5% unit
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bay shows that:

1) The horizontal displacement of the upstream and downstream sidewalls of main
powerhouse increases with deepening of excavation and tends to deform towards cavern. The
maximum displacement of sidewall occurs at mid-point of the downstream wall along
center lines section of 2 unit and it is 4.46mm. After excavation, the displacement of the
upstream sidewall along center lines section of 2* unit is 4.05mm, and the displacement of
downstream sidewall is 4.46mm. The displacement of the upstream sidewall along center
lines section of 5" unit is 4.05mm, and the displacement of downstream sidewall is 3.98mm.
The total displacement distribution of upstream sidewall is shown in Fig.6.13.6-4.

The maximum displacement of rock beam occurs at downstream rock beam along center
lines section of 2* unit, and it is 3.01lmm. Since the main transformer cavern height of 1%~3*
units and 4*~6" unit is small, and the displacement of upstream rock beam of two sections is
not highly different.

2) The top arch of main powerhouse vertically displaces and integrally sinks contracts.
After entire completion of excavation, the vertical downwards displacement of top arch along
center lines section of 2# and 5# unit is 4.43mm and 4.42mm respectively, and is not highly
different.

3) The maximum of tunnel-peripheral displacement of the main and auxiliary room
cavern occurs at middle of powerhouse bottom slab, and the vertical upward displacement at
bottom slab mid-point of center lines section of 2# and 5# units is 11.62mm and 11.72mm
respectively, since the geostress field is mainly gravity stress field and its effect on vertical
displacement of powerhouse cavern is higher than the effect on the lateral displacement.

(2) Displacement of main transformer cavern

In excavation process, the displacement field of surrounding rocks of main transformer
cavern ceaselessly evolutes. The analysis of displacement result of typical sections of 2# and
5# unit bay shows the following:

1) The horizontal displacement magnitude of upstream and downstream sidewalls of
main transformer cavern is relatively low and is not above 2mm.

2) The top arch of main transformer cavern vertically displaces and integrally sinks and
contracts. After entire completion of excavation of main transformer cavern, the vertical
downward displacement of top arch along center line section of 2# and 5# units is 3.54mm
and 3.05mm respectively.

3) The maximum of tunnel-peripheral displacement of the main transformer cavern
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occurs at middle of bottom slab of main transformer cavern, and the vertical upward
displacement at bottom slab mid-point along center line section of 2# and 5# units is 6.64mm
and 7.12mm respectively.

From the comprehensive comparison, it is clear that as far as displacement value is
concerned, main powerhouse>tailrace surge chamber>main transformer cavern, and the
displacement value of main powerhouse and tailrace surge chamber is not highly different.
The maximum displacement of three big caverns occurs at cavern bottom slab mid-point,
since the geostress field is mainly of gravity stress field and vertical peripheral displacement
is higher than the lateral peripheral displacement. The total displacement and X- and Y-
direction cloud diagrams of 2* and 5" unit bay section after excavation are shown in
Fig.6.13.6-4~09.

The calculation result shows that after excavation of cavern, the stress field of
surrounding rocks is re-distributed, concentration of compression stress of different extent
occurs at the arch abutment of main powerhouse, and the corners of upstream sidewall and
bottom slab (-4~-7MPa), and concentration of compression stress of different extent occurs
at arch abutment of tailrace surge chamber and at corners of downstream sidewall and bottom

slab (-4~-10MPa). A given stress relaxation occurs at downstream sidewall and bottom slab
of main powerhouse (-2~0.2MPa), and a given stress relaxation also occurs at upstream
sidewall and bottom slab of tailrace surge chamber (0~0.2MPa). Stress relaxation zone also
occurs at bottom slab of main transformer cavern. Fig. 6.13.6-10~13 show the distribution of

first principal stress and third principal stress of caverns along center line section of 2# and 5#

units of main powerhouse after completion of excavation .
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Fig. 6.13.6-4 Distribution diagram of total displacement of profile of 2” unit after excavation

of gross tunnel (mm)

Fig. 6.13.6-5 X-displacement distribution diagram of 2” unit after excavation of gross tunnel

(mm)
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Fig. 6.13.6-6 Y-displacement distribution diagram of 2” unit after excavation of gross tunnel

(mm)

Fig. 6.13.6-7 Distribution diagram of total displacement of profile of 5" unit after excavation

of gross tunnel (mm)
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Fig. 6.13.6-8 X-displacement distribution diagram of 5" unit after excavation of gross tunnel

after excavation (mm)

Fig. 6.13.6-9 Y-displacement distribution diagram of 5" unit after excavation of gross tunnel

(mm)
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Fig. 6.13.6-10 Distribution of first principal stre