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This Report consists of

Executive Summary

Executive Summary for Environmental Assessment

Volume I  Main Report

Volume II Supporting Report (1)
(Engineering Study)

Volume 11l Supporting Report (2)
(Environmental Assessment)

Volume I'V Supporting Report (3)
(Workshop Proceedings)

The cost estimate is based on the price level of June 1997 and the monthly mean
exchange rates in June 1997. The monthly mean exchange rates in June 1997 are:

USS 1.00 = KShs. 540 =J. Yen 120
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PRINCIPAL FEATURE OF THE PROJECT

Hydrology and Reservoir
- Catchbment area
- Annual mean discharge
- Full supply level (FSL)
- Minimum operation level (MOL)
- Gross storage capacity
- Effective storage capacity
- Design flood of dam
Extreme flood of dam
- Design flood of river diveision

Power Qutput
- Installed capacity

- Maximum plant discharge
- Rated head

- Firm output

- Annual average energy

Main Struclures
River diversion
- Diversion tunnel

Main dam
- Type

- Dam crest elevation

- Dam height

- Bam volume
Concrete
Rockfill

Spiliway

- Type

- Number of gate

- Energy dissipation

Low_Grand Falls

17,234 km?
173 m'/sec
Ei. 5120 m
EL. 4914 m
1,261 MCM
955 MCM
5,400 mYsec
12,800 m¥/sec
2,800 m¥sec

140 MW
(70 MW x 2 units)

227.6 m¥isec
69 m

134 MW

715 GWhiyear

2 lanes x 10,5 ma (D) x 630m
and 760 m (L)

Combined type with
concrete and rockfill dam
EL. 5165 m

S0 m

1,200,000 m*
2,900,000 m®

Gated type

6 x15.0 m (W)x 15.5m (H)
Roller bucket type

h‘!ﬂ[ﬂligg

15,365 km’
157 mVsec
EL. 5500 m
EL. 3385 m
132 MCM
85 MCM
4,000 m/sec
10,900 m¥/sec
1,600 m’/sec

0 MW
(30 MW x 2 units)

175.0 m'/sec
39m

S8 MW

337 GWh'year

HOm D) x660m (L)

Concrete dam type

EL. 5550 m
60m

420,000 m’

Gated type

4 X 17.5 m (W) x 160 m{H)
Stilling basin type
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Artificial flood and sediment
release facility

- Type
- Gates

Waterway
- Type of intake gate

- Penstock

Powerhouse
- Type
- Dimensions

Generating equipment
- Maximum plant discharge
- Rated head

- Type of turbine
- Type of generator

- Rated output

Transmission line
- Voltage

- Conductor size

Construction Period
- Detailed design and tender

- Main construction works

Construction Cost
{USS$ miltion as of June 1997}
- Total construction cost

- without price escalation

Low Grand Falls

2 lanes X steel conduit
with gates, Sm (W) x 5
m H)

A high pressure roller
gate with a stoplog gate
for one lane

Selected water intake
gates

54mD)x90m(lL)

Open-air type
32m(W) x 60m(L) x SOm(El)

227.6 m*fsec
69.0 m

Francis type
3-phase synchronous

altemator of Vertical shaft
with brushless excitor

2 x 70,000 kW

220KV double-circuit, 45 km

Canary (ACSR 460 mm?)

Mutonga

2 lanes x stee! conduit
with gates, Sm (W) x
SmH)

A high pressure roller
gate with a stoplog
gate and a radial gate

Siuice gate

4.7 m (DY x 59 m (L)

Open-air type
30m{Wix 49m (I.)x
44m(H)

175.0 m¥sec
30m

Francis type
3-phase synchronous

alternator of Vertical shaft
with brushless excitor

2 x 30,000 kW

220 kV double-ciccuit, 4
km
Canary {ACSR 460 mm?)

“Tow Grand Falis and Mutonga

- Total construction cost

o G e e

3 years 1 year
(Parallel with constreution
of Low Gamd Falls)
5 years 4.5 years
(hatf year overlapped with
__Low Grand Falls)
12 years
381.6 184.3
444.5 234.9



(h

@

(3)

ABBREVIATIONS

Domestic organization

GOK : Government of Kenya

MOE :  Ministry of Energy

TARDA  : Tanaand Athi Rivers Development Authority
KPC :  Keaya Power Co., Ltd.

KPLC Kenya Power & Lighting Co., Lid.

MOWD : Ministry of Water Development
MOALD  :  Ministry of Agriculture and Livestock Developiment

NWCPC . National Water Conservation & Pipeline Corporation
TRDC . Tana River Development Co., Ltd.

WWF : World Wide Fund for Nature

KWS : Kenya Wildlife Service

NIB : National Irrigation Board

Foreign organization

GOJ : Government of Japan

JICA : Japan Intemational Cooperation Agency

WB :  World Bank

UNDP ¢ United Nation Development Program

TUCN : International Environmental Organizations

Measurement

Length Electrical Measures

num = millimeter \Y = Volt

cm = cenlimeter kW = kilowatt

nm = meter MW = Megawatt

km = kilometer kWh = kilowatt hour
MWh = Megawatt hour
GWh = Gigawatt hour

Area Money

km’ = square kilometer KShs. = Kenya Shilling
K.£ = Kenya Pound
USs$S = US dollar
us¢ = US cent
¥ = Japanese Yen

Yolume

MCM = million cubic meter

m’ = cubic meter
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Weight

kg = Kilogram %o =

ton = metric ton ° =

Timg " =

sec, s = second m's =

min = minute ppm =

hr = hour L =

¥t = year BCD =
COD =
DO =
pH =
™S =
SS

Fconomy and finance

EIRR :  Fconomic Internal Rate of Return

FIRR :  Financial Internal Rate of Return

FC . Foreign Currency

LC . Local Currency

GDP : Gross Domestic Product

GNP :  Gross National Product

GRDP : Gross Regional Domestic Product

OMR :  Operation, Maintenance and Replacement

LS : Lump Sum

Elevation

EL. . Elevation above mean sea level

FWL : Flood water level

HWL :  High water level

LWL . Low water level

Exchange rates (as of June 1997)

USS 1.00 = KShs. 54=1]. Yen 120

K.£ =KShs. 20

Other Measures

per cent

degree

minute

sccond

cubic meter per second
parts per million

degrec centigrade
biochemical oxygen demand
chemical oxygen demand
dissolved oxygen

exponent of hydrogen ion
concentration

total dissolved solids

= suspended solids
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EXECUTIVE SUMMARY

The Project
i, The Tana river annually drains a water quantity of 3,740 million m3, which is

cquivalent to about 19.1 % of the total perennial river flow in Kenya. The basin is supplying
an estimated amount of 175 million m? for municipal water supply in the upstream districts

and at 2,300 million m3 for imigation, which are 29 % and 19 % of the total demands in
Kenya, respectively.

Hydropower development of the Tana river began in 1968 with the completion of the
Kindaruma dam with an installed capacity of 44 MW. Thereafter, four dams with power
plants have been built at Kamburu (94.2 MW in 1975), Gitaru (145 MW in 19738), Masinga
(40 MW in 1981) and Kiambere Gorge (144 MW in 1988). In addition, relatively small
hydropower stations such as Wanjii (7.4 MW} and Tana (14.4 MW) have been in operation
in the upstieam ributaries of the Tana river. The total installed capacity of power plants on
the Tana river was 489 MW comesponding to 61 % of the total installed capacity in the
interconnected system in Kenya in 1997, The minimum annual energy output was estimated
at 2,800 GWh compared to the annual total supply of 3,100 GWh in 1997. Figure S.1
shows the hydropower development cascade on the Tana river,

2. A project has been envisaged with an aim of developing the hydropower potential
downstream of the Kiambere George on the Tana river. The Project was studied in three
previous studies: 1) Feasibility Study for Kiambere Development in 1980, 2) National
Power Development Plan in 1987 and 1992 (UNDP/World Bank), and 3) National Water
Master Plan in 1992 (JICA).

Object of the Study

3. The Government of Kenya envisaged to develop the Mutonga/Grand Falls
Hydropower Project in line with its energy and water supply development policy, i.e.
exploration of indigenous energy resources and achievement of self-sufficiency in staple

foods, and requested the Government of Japan to provide technical cooperation to cairy out a
feasibility study in the Project.

4. In response to the request of the Government of Kenya, the Government of Japan
dispatched in August 1993 a mission consisting of officials of Japan International
Cooperation Agency (JICA), the official agency responsible for the implementation of
technical éooperation programs of the Japanese Government, to Kenya for discussing the
scope of works of the Study with its counterpart agency, the Tana and Athi Rivers
Development Authority (TARDA).

S-1



The scope of works envisaged four alternative development plans as listed below, which
would contribuwte to hydroelectric power generation as well as to water supplies for
agricultural and mumicipal uses:

Mutonga dam only

Low Grand Falls dam only

Low Grand Falls danm + Mutonga dam
High Grand Falls dam only

The Study was divided into three stages as follows:

Stage 1 :  Initial Environmental Impact Study

Stage 2 :  Definite Plan/Pre-feasibility Study

Stage 3 :  Feasibility Study
The objective of the Study was to formulate an optimal plan for the Mutonga/Grand Falls
Hydropower Project and to assess its technical and economic feasibility. Another implicit
objective of the Study was an environmental assessment covering a wide range of
environmental aspects on not only the impact of dam construction on the reservoir area, but
atso the impact on the downstream river corridor.

Work Progress

5. Figure S.2 shows the overall flow of the Study. The Stage 1 study was commenced
in February 1994 with the amival of a JICA Study Team in Kenya for the initial
environmental assessment, and completed with the compilation of the Report on Initial
Environmental Assessment in August 1994, The Workshop No.1 on the report was held at
Embu (September 13 to 16, 1994) and a number of issues were identified for further study.

6. The Stage 2 study started in September 1994 immediately after the completion of the
Stage 1 study, with the objective to select a definitive plan for the Project among the
altemnatives. Progress Report (1) recommended the Low Grand Falls + Mutonga schemes as
the optimum development scheme from technical, economical and environmental viewpoints.

The study results were reported and discussed among the attendants at Workshop No. 2 held
in Nairobi, from 20 to 22 March 1995.

7.  The Stage 3 study was commenced in April 1995 after the Workshop No.2, and was
divided into two parts: Part 1 consisting of topographic mapping, geological investigation
and transmission line system survey which were used for feasibility design and study on
optirnization of plant scale, and Part 2 consisting, preliminary design, construction cost
estimate and plan, and project evaluation. In Part-1, field investigations were camied out
from June to September 1995. Hydrological analysis was reviewed at the feasibility study
tevel. All the study results were presented in the Interim Report and Progress Report (2)

S-2
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submitted in November 1995 and March 1996 respectively, and discussed and accepted by
the Steering Committee at the meeting held from June 13 to 17, 1997,

Part 2 of Stage 3 was commenced in July 1997, The Draft Final Report presenting all the
results obtained in this study was submiited in October 1997 by dealing with all the results
achieved in this study. Workshop No. 3 was held in Nairobi, from 26 to 29 January 1998
with a total of 188 participants officially invited from concemed organizations and public
altendants. The results of the Stage 3 study presented in the Final Draft Report were
explained by the JICA Study Team, and discussed among the attendants, The Steering
Commniittee met on January 20 and 21, 1998 and February 2 and 3, 1998 to the study results
of Part 2, Stage 3 presented in the Draft Final Report discuss with the JICA Study Team.

The Minutes of Meeting was signed between the Steering Committee and the JICA Study
Team on February 4, 1998.

ife iti
(1) Location and Topography

8. ‘The Tana river, the largest river in Kenya, originates from Mount Kenya and

Nyandarua Ranges. Its catchment area covers some 100,000 km? and stretches over about

1,000 km between the Kenya Highlands with the peak of Mt. Ol-dolinyo at EL. 3,999 m and
the Indian Ocean.

The proposed Mutonga and Grand Falls Hydropower dams (the Project) are located 25 and
50km downstream of the existing Kiambere power station and about 150 km northeast of
Nairobi at the shortest aerial distance. The Mutonga dam site is located immediately
downstream of the confluence of the Tana river and the Mutonga river, one of main
tributaries of the Tana river. The Grand Falls dam site is located about 4 kin downstream of
the Grand Falls rapids. The location of the Project is shown in Figure 8.3.

The Tana river reaches the Koreh rapids after flowing down about 100 km from the Grand
Falls. The river bed elevations are about 450 m at the Grand Falls dam site and about 200 m
at the Koreh rapids, creating a water head of about 250 m between the two locations.
Thereafter the river runs through a vast alluvial flood plain and finally reaches the Indian
Ocean after flowing down about 700 km. The main river channel which has a width of about
100 m only meanders through a flood plain with a width of 3 to 4 km.
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() Metearology and Hydrology

9. ‘The temperature in the Tana river basin varies from below the freczing point on
snow-capped Mt. Kenya as its lowest, to over 40°C in the delta in the northeastern part of
Kenya as its highest. The monthly temperature at Marimanti, the nearest metecrological
station around the Project area ranges from 32°C at the maximum and 20°C at the minimum.
The day time temperature varies from 24°C to 31°C.

10, The annual rainfall in the Tana basin varies from more than 2,000 mm in the
mountainous areas located around Mount Kenya to less than 300 mim in the low-lying areas
near Garissa in the lower reaches of the Tana mainstream, The acrial distribution of annual
rainfall in the project catchment area was clarified based on long-term mean rainfalls recorded
at some 160 rainfall stations in and around the project area. The isohyetal map of the project
catchment area is illustrated in Figure S.4, showing that the high annual rainfall of more than
2,000 mm takes place in the northem and western parts of the project catchment area. It
decreases as the altitude goes down toward the Tana mainstream, coming to less than 800

mm in the right bank arca downstream of the existing Masinga dam. The annual mean
rainfall in the basin is 1,250 mm.

11.  The project catchment area has 17,234 km? at the Grand Falls dam site. The
naturalized long-term daily runoft at the planned Mutonga and Grand Falls dams was
estimated by the Tank Model, taking into account the availability of meteo-hydrological data.
‘The mean discharges at the planned Mutonga and Grand Falls dam sites for a period of 34

years from 1957 to 1990 were estimated to be 157 and 173 m3/sec. The comparison of flow
duration curves at SGS 4F13 (Grand Falls dam site) is shown in Figure S.5.

12. The flood hydrographs at the proposed Mutonga and Low Grand Falls dam sites
were presented by the Storage Function Model. The peak flood discharges of the proposed
Mutonga and Low Grand Falls dams were at 4,000 m3/sec and 4,500 m3/sec for floods with

a 200-year return period, and at 10,900 m¥/sec and 12,800 m¥/sec for the floods with a

10,000-year retum period without the upstream reservoirs. The estimated flood hydrographs
at the Mutonga and Grand Falls dam sites are shown in Figure S.6.

13. The mean annual sediment yield was estimated by simulating the daily runoff from
1957 to 1990 to the developed runoff-sediment yield curve, resulting in 2.62 miflion m3

fyear or 0.152 mavkm?/year at the Grand Falls dam site in terms of the denudation rate.

S-4



(3) Geology

14. The reservoir arcas and dam site of the Mutonga/Grand Falls Project are located in
the middle reaches of the Tana River. The geology in the area is mainly composed of high-
graded, mectamorphosed gneisses of Kenya Basement System of Archacan age. No
significant faults are found in the reservoir and damsite arca. Figure S.7 shows the
geological selting of the project area.

15. When gneisses are in moderately to slightly weathered or fresh condition (CM-CH-
B), they are medium hard to hard rock and have sufficient strength as the foundation rock for
both the Mutonga and Grand Falls dams. Rather deep foundation excavation, more than 10
meters in some places, will be required for the foundation of both dams because of decp
weathering of the rocks. Even though the permeability of gneisses is generally low,
foundation treatment (cuttain grouting and consolidation or blanket grouting) is still required
for the foundation of both dams in order to improve locations with high leakage potential.

Figure $.8 and S.9 show the geological profiles of the Mutonga and Low Grand Falls dam
sites.

16.  The result of seismic analysis shows that: (a) the design seismic cocfficient of 0.10g
for the Mutonga/ Grand Falls project is reasonable, and {b) the risk of a reservoir-induced
earthquake can be covered by the design with the above seismic coeflicient.

Eavironmental Assessment

17. The environmental assessment study was carried out in the feasibility study of the
Project 1o assess the environmental issues which would eventally be raised by the
implementation of the Project consisting of: 1) resettiement, 2) reservoir environment, 3)
downstream population and environment, 4) flood and sediment release, 5) downstream
river morphology and 6) power transmission line, As a result, the environmental assessment
study recommended a resettlement within a Special Management Zone (SMZ) by eslablishing
a resettlement organization and taking mitigation measures against the deterioration of the
environmental condition in the downstream reaches of the Tana river (refer to the Executive
Summary for Environmental Assessment) as follows:

- Resettlement

The reservoir arcas and 100 m wide buffer zones where people would be excluded
were set as an intensivé management zone. Surrounding the reservoirs and the 100 m
buffer zone, a more or less 3 km wide Special Mzinagemcnt Zone (SMZ) where the
majority of the required resettlement to be managed was proposed (refer to Figure
$.10). Some 1,017 households with 6,125 people within the reservoir areas of the
Low Grand Falls and Mutonga dams and the buffer zones were assumed to be resettled

8-5



in SM7Z, by 2005. The total rescttlernent arca was estimated at 10,600 ha, and the total

compensation cost required for relocation of rescttled households and people was
estimated at KShs. 332 million.

It is recommended that an oulline plan and program for resetement and proper
management be prepared by establishing an organization commiittee.

- Downstream environmental condition

The construction of the dams without any countermeasures for the maintenance of the
normal floods (twice-yearly) would hasten the deterioration of the downstream
environment. The environmental condition in the arca downstream of the existing five
dams has been deteriorated 1o some ¢xtent due to the decrease of normal floods (twice-
yearly). It is therefore recommended to release artificial floods with a peak discharge of
1,100 m¥sec and a volume of 490 million m* twice-yearly from the Low Grand Falls
dam in order to at maintain the normal flood with a peak flow of 785 m'fsec and a
volume of 390 million m’ at Garissa, as shown below:

mifs
1200
1000 //\\
£00 7 >
’ —
600 Vi 2 Nk P B
7 -
400 / o ~
F
200 . ¢ —+— Release from dam
I Normal floed at (I}arissal
0

i 2 3 4 5 6 7 8 9 10 X

The artificial floed would inundate the flood plain both upstream and downstream of
Garissa for a period suffictent to maintain the environment and the level of economic

activity. In addition, the artificial flood could mitigate the deterioration of the
downstream environmental condition.

Accordingly, the Project implemented with the antificial flood release will bring about
significant economic benefits from its positive effect on the downstream environmental
systems in addition to the benefits of power generation and other water uses.

Powey Survey

18. Kenya is divided into six regions in terms of power supply: 1) Nairobi region, 2)
Coast region, 3) Central Rift Valley region, 4) Westem region, 5) Mt. Kenya region, and 6)
North Rift Valley region. Energy sales in the whole KPLC's network were 3,269 GWh in

1995/96, of which the sales in the Nairobi region shared 1,785 GWh, followed by the Coast
region with 719 GWh, that is 75% of KPLC's sold energy.
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The total installed capacity of the generating facilities in the interconnected power system was
777.6 MW as of 1996/97. In addition, there are isolated power plants with a total instatled
capacity of about 9 MW and energy imported from Uganda.

By type, hydropower plants shared 77% of instalted capacity, 80% of eftective capacity, and
81% of annual energy production in 1996/97. The installed capacity, effective capacity and

average annual energy production in the country in 1996/97 by type of power plant are
summarized below: '

Sources Installed Capacity Effective Capacity  Annual Production
oMW) (MW) (GWh)

Hydro 601.3 s 3,353.6
Counventional Thermal 119.0 86.0 LYE N
Geothermal 45.0 45.0 3928
Diesel (Interconnected} 12.3 2.0 2.6
Diesel (Isolated) 9.0 - 220
Imports from Uganda (ageeed 300 0.0 143.8
max. power}

Wind 0.6 0.4 0.5
Total 817.2 714.5 4,206.0

19.  Power demand and energy demand were forecast for three scenarios: high, reference
and low as shown in Figure S.11. The forecast for the reference growth scenario showed
that the requirement of the nation’s energy and peak power demand will increase

continuously at an annual growth rate of 6.0% and 6.2% respectively over the period of
1995/96 t0 2019/20.

20.  To meet the construction schedule of the Project, the planned transmission line for
the Project will be constructed in two phases. A double-circuit line from Low Grand Falls
power plant to the existing Kiambere power plant will be constructed first during the
construction stage of the Low Grand Falls power plant. Then a double-circuit section
branched from this line to the new Mutonga power plant will be constructed during the

Mutonga project construction. The planned route of the 220 kV transmission line is shown in
Figure S.13.

The generated power at the Low Grand Falls power station, in its commissioning year 2008,
will be mainly transmitted to Nairobi through the existing 220 kV double-circuit transmission
line from the Kiambere to Dandora substations via the Kamburu power station ard also
through the committed 220 kV single-circuit line from the Kiambere to  Embakasi
substations (see Figure S.12).

An additional single-circuit 220 kV line between the Kiambere and Embakast substations will
be required to meet the increase of power to be transmitted to Nairobi in the commissioning
year of the Mutonga power plant in 2012.
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Plan Formulation

21, The Project intends to develop the hydropower potential of the Tana river, and
irrigation and nwnicipal water supply in the areas downstream of the tiver. Economie indices
of the altemative power development schemes in consideration of the power development
indicate that the Low Grand Falls + Mutonga scheme (imiplementation of the Low Grand

Falls scheme followed by the Mutonga scheme) is the oplimum development scheme as
summarized betow:

Items Allernatives
Mutonga Low GIF _ Low GF + Mutonga High GF
Economic Cost (10° US$) 187.7 3625 550.2 673.4
Installed Capacity (MW) 60 140 200 200
Firm Output (MW) 58 134 192 197
Annual Average Energy (GWhiyr) 337 715 1,052 1,108
Net Benefit (10°USS$) 20.2 54.0 67.7 99,7
Internal Rate of Returmn: IRR (%) 13.4 I3.8 13.3 10.1
Unit Generation Cost (US¢/LWh 8.1 1.9 1.9 i1.0

Further, a reversed sequence of implementation (Mutonga + Low GF) shows lower
economic indices: net benefit of US$ 48.8 million and IRR of 13.4 %, when compared to
those of the Low GF + Mutonga scheme. A plan of raising the Low GF dam height also
shows fow indices: net benefit of USS 36.6 million and IRR of 13.2 %,

22. The Project will also generate an effect on the irrigation water supply and municipal
water supply to the downstream areas. The increased irrigable area, which will be produced
through improvement of the river flow by the dams constitutes the irrigation benefit of the
Project. Taking into account the releasing patterns for the downstream irrigation area and the
water abstraction in the upstream basin in 2020, the river flow at the Grand Falls dam site
was simulated in the case of “with/without project” and “imrigation purpose” for the Low GF
and the High GF schemes. The result shows that the irrigation area would be increased by
19,000 ha under the Low GF scheme and 41,000 ha under the High GF scheme. In
addition, the firm power output and annual average energy were calculated at 43 MW and
912 GWh respectively for the Low GF + Mutonga scheme, and 32 MW and 968 GWh
respectively for the High GE scheme.

The results of economic comparison indicate that the Low GF and Mutonga scheme was
more economical than the High GF scheme since the net benefit of US $ 4.5 million and IRR
of 12.1 % of the Low GF + Mutonga scheme are higher than those of the High GF (net
benefit of US $ -88.7 million and IRR of 10.6 %).

Further, the additional effect of municipal water supply derived from the dams was examined
for both schemes, The unit cost of 1.35 USg/m’ estimated for the Low GF + Mutonga
scheme is lower than 3.04 US¢/in’ for the High GF scheme.

S-8



o

23, The environmental assessment study recommended the release of nonmal floods
(twice-yearly) and sediment through the dams to maintain the existing conditions of the
cnvironment and river morphology. When artificial floods are twice-yearly released o the
downstream river reaches, the power and encrgy outputs will be decreased due to the
decrease of water from the water for power generation. The result of reservoir simulation for
both the Low GF + Mutonga scheme and the High GF scheme reveals that the firm output
and average energy would be 136 MW and 871 GWh respectively for the Low GF +
Mutonga scheme, and 178MW and 962GWh respectively for the Bigh GF scheme. On the

basis of these valnes, the economic comparison of both schemes was carried out as
summarized below:

Iteris Unit -Low GF + Mutonga High Grand Falls
Firm Power MW 136.4 178.4
Annual Encrgy GWhyr 870.9 9623
Annual Power Benefit x 1058 78.0 892.5
Present Worth of Cost x 105 % 387.9 514.1
Present Worth of Benefit x 1058 352.2 176.7
BenefitCost (.91 0.73
Benefit - Cost x 1058 -35.7 -137.4
Internal Rate of Return: IRR % 1.0 9.4

Though negative net benefits would be induced by the artificial flood release in the case of
both the Low GF + Mutonga and High GF schemes when calculated with a discount rate of
12%, the economic comparison revealed that the Low GF + Mutonga scheme was more
economical than the High GF scheme since IRR of 11.0 % of the Low GF + Mutonga
scheme was higher than that of 9.4 % of the High GF scheme.

24. Through the optimization and comparison study to determine the dam operation
level and plant scale of the Project, the following basic dimensions were aived at:

Low Grand Falls Scheme Mutonga Scheme

- Full Supply l.evel (FSL) EL. 5120 m EL. 5500 m
- Minimum Operation Level (MOL) EL. 4914 m EL. 5385 m
- Effective Storage Capacity (million m®) 955 85
- Installed Capacity 140 MW 60 MW

(70 MW x 2 units) {30 MW x 2 units)
- Firm Output 134 MW 58 MW
- Annuat Averape Energy 715 GWhiyear 337 GWivyear
- Maximum Plant Discharge 227.6 m¥sec 175.0 m¥sec

i
25.  The preliminary design of the Low Grand Falls scheme and the Mutonga scheme

(refer to General Layout of the Project in Figure $.13) was carried out on a feasibility study
tevel, and the main features obtained are summarized as follows:
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Structures

Low Grand Falls Mutonga
(Refer to Figures S.14 to 16) {Refer to Figures .17 10 19)
{I) Riverdiversion Two 10.5 m dia. tunnels One 11.0 m dia. tunael
{2y  Maindam 90 m high combined type with 60 m high concrete dam type
concrete and rockfill dam
{3)  Spillway Gated type, 105 m wide with a Gated type, 79 m wide with a
roller bucket stilling basin
{4y Arihcial flood and Two lancs of 5.0 wide and 5.0 | Two lanes of 5.0 m wide and SO m
sediment release facilities | m high steel conduits with high high steel conduits with high
pressure roller gates with stoplog | pressure roller gate with stoplog
gates gates and radial gates
3  Watcrway 5.4 mdia. and 90 m long 4.7 m dia. and 60 m long penstock
penstock _
(6) Powerhouse Open-air type (32 m wide, 60 m Open-air type (30 m wide, 49 m
long, and 50 m high) long, and 44 m high)
(7} Generating equipment
- Max. plant discharge 227.6 m¥sec 175.0 m¥sec
- Rated head 69 m 3% m
- Turbine Francis type Francis type
- Genetator 3-phase synchronous alternator of | 3-phase synchronous alternator of
vertical shafi type with brushless | vertical shaft type with brushless
excitor excitor
- Number of units Two Two
- Rated output 2 x 70,000 kW 2 x 30,000 kW
(8)  Transmission line 220 kV double-circuit, 45 km 220 kV double-circuit, 4 km
Canary {ACSR 460 mm?) Canary (ACSR 460 mm?)

26.  Ttis noted that artificial flood and sedinient release facilities will be provided in the
concrete dam section. The facilities will be able to release atificial flood from the dam by
evacuating a reservoir water volume of water 490 million m* between EL. 504.0 m and the
minimum operation level at E1..491.4 m (MOL). They can release sediments which include
sand and suspended loads associated with phosphate and organic matters, The artificial flood
release operation will be carried out twice-yearly at the beginning of the rainy seasons (April
and November), to effectively release clay particles flushed into the reservoir at the

beginning of the rainy season. Figure S.16 and S.19 show the release facilities of the Low
Grand Falls and Mutongé dams.

tructi lan and Co im

27.  The construction works of the Low Grand Falls and Mutonga hydropower schemes
will be divided into four packages for each scheme, and will be executed by contractors
selected by international competitive tenders for the respective package:

(1} Main civil works including preparatory works
{2) Metal works

(3) Generating equipment
(3 Transmission line
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28. Immediately after this feasibilily study and financial arrangement for 6 months from
January 1998 to June 1998, an additional environmental assessment study is required to be
executed for two years from July 1998 to June 2000. Based on the results of the additional
cavironmental assessment, the detailed design and preparation of tender documents will be
executed for 18 months from October 2000 to March 2002 after financial arrangement for the
detailed design and selection of the consultant for the design work is completed, which will
take @ months from January 2000 to September 2000. The tendering procedure for the civil
construction works of the Low Grand Falls scheme will be carried out for 12 months from
July 2002 to June 2003 after selection of the consultant for construction supervision. The
construction works of the Low Grand Falls scheme are scheduled to commence in July 2003
after contract awards, and the commissioning of the power plant is expected to be in July
2008. The Mutonga scheme construction will start in Janvary 2008 and be completed in June
2012, The total period of construction is 9 years (108 months) for both schemes (refer to
Figure S.20).

29. The construction cost of the Low Grand TFFalls without and with price escalation is
estimated at KShs. 20,609 million (USS$ 382 million) and KShs. 24,002 million (US$ 444
niillion) respectively as shown below:

Items Foreign Currency Local Currency Total Equivalent
{1,000US%) (1,000KShs.) {1,000KShs.)

Direct cost 228,738 4,248,173 16,600,050
Land acquisition 0 407,220 407,220
Administration expenses 0 83,000 83,000
Engineering services 29,624 282,300 1,881,996
Physical contingency 21,709 463,959 1,636,234
Total without price escalation 280,071 5,484,652 20,698,500

. (US$ 381.6 mill)
Price escalation 62,849 0 3,393,832
Total with price escalation 342,920 5,484,652 24,002,332

(USS 444.5 mill.)

30. ‘Fhe construction cost of the Mutonga scheme without and with price escalation is
estimated at KShs, 9,953 million (US$ 184 million) and KShs. 12,684 million (US$ 235
million) respectively as shown below:

Items Foreign Currency Local Currency Total Equivalent
(1,000US$) (1,000KShs.) (1, 000K Shs.)

Direct cost 119,374 1,970,450 8,416,672
Land acquisition 0 89,402 £9,402
Administration expenses 0 42,083 42,083
Engineering secrvices 10,312 98,264 655,112
Physical contingency 10,178 199,836 749,437
Total without price escalation 139,864 2,400,035 9,952,706

(US$ 184.3 milL)
Price escalation 50,576 0 2,731,080
Total with price escalation 190,440 2,400,035 12,683,786

(USS 234.9 mill.)




Tl

31. ‘The constiuction cost of the whole Project including the Low Grand Falls scheme
and Mutonga scheme without and with price escalation is estimated at Kshs. 30,561 million
(USS 566 million) and KShs. 36,686 million (US$ 679 million) respectively.

The annual disbursement of the construction cost in the foreign and local cumrency pottons is
estimated on the basis of the construction schedule, as summarized below:

Year Foreign Currency Local Currency Total Equivalent
{1,000 US3.) (1,000 KShs.) (1,000 KShs.)
2000 2,642 23,760 166,443
2001 8,261 183,266 629,331
2002 3,154 247,731 418,042
2003 45,851 1,012,065 3,488,004
2004 44,581 476,518 2,883,887
2005 54,125 1,610,731 3,933,488
2006 83,911 1,388,796 3,919,993
2007 88,772 1,125,163 5,918,843
2008 59,867 705,609 ; 3,938,443
2009 22,004 312,082 1,500,276
2010 48,197 731,024 3,333,683
2011 61,481 574,563 3,894,546
2012 10,514 93,383 661,143
Total 533,360 7,884,691 36,686,122

(US3 679.4 millicn)

(1N Economic Evaluation
32. Economic viability of the Project consisting of the Low Grand Falls scheme and the

Mutonga scheme was assessed based on the preliminary design and the estimated
construction cost. This evaluation result indicates a high viability of the serial development of
two hydropower schemes by a net benefit of US$ 56.87 million at a discount rate of 12 %
and an economic internal rate of return (EIRR) of 14.98%, which is higher than the
opportunity cost in Kenya (12%).

33. A study of the installation timing of the Low Grand Falls and Mutonga hydropower
plants was carried out, taking into other promising candidate thermal power plants
consideration, and changing the fuel price and installation sequence, The study revealed that
the Low Grand Falls and Mutonga schemes added a capacity of 140 MW to the national

power grid in 2008 and 60 MW in 2012. The plant installation timing proposed in this study
is shown in Figure S.21.
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(2) Financial Evaluation

34, Financial viabitity of the Project was cvaluated in terms of financial internal rate of
return (FIRR) by applying the project cost including price escalation, average electricity tariff
of KShs. 10.42/kWh (USS 0.193/kWh) in 2008 which is projected by assuming an annual
increase rate of 5 % from the average tariff of KShs.6.72/kWh in 1999, and ¢nergy output
of the Low Grand Falls and the Mutonga schemes. The evaluation result demonstrates that
the Project is viable with FIRR of 15.10%.

3s. Table S.1 sununarizes the result of examination of loan repayability bascd on the
foreign loan condition as follows:

- Amount of loan : 85% of total cost
- Interest rate : 2.3%

- Repayment period : 30 years

- Grace period : 10 years

As shown in Table S.1, the Project will start producing a surplus from Year 9, when the
revenue from the Low Grand Falls scheme is expected for the first time. From that year, the

revenue would counterbalance the cumulative deficit, and a surplus would appear in Year 10.

3) Artificial Flood Release

30. The environmental assessment recommended a twice-yearly release of a normal
flood with a peak discharge of 1,100 m*/sec and a total volume of 490 million m’ from the
L.ow Grand Falls dam to maintain the existing environmental conditions in the lower reach of
the river. This will lead to a decrease in the firrn power and energy. The result of the
reservoir simulation shows that the firm power and annual average energy were 77.3 MW
and 533.4 GWh/year in the case of single operation of the Low Grand Falls, and 136.4 MW
and 870.9 GWh/year in the case of combined operation of the Low Grand Falls and
Mutonga.

EIRR and net benefit are calculated at 11.2 % and USS$ -15.3 million respectively in the case
the antificial flood release is included in the Project. However, it could be said that the Project
is economically viable for the following reasons:

- The downstream environment and production systems have already been affected by
the existing five dams and deteriorated due to the decrease of biannual normal floods.
The construction of additional dams without flood release will hasten this destruction.
However, an additional dam with flood release measure would be able to the reverse
negative situation and improve the downstream environment.

Though the value of artificial flood release is not quantified because of its intangible
nature, it could contribute to an increase of the benefit. Therefore, the planned antificial
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flood retease of the Project should have a positive aspect in this context.

The volume of artificial flood release was estimated at 490 million m?, which occupies
about 5t % of the effective storage volume of 955 million m* of the Low Grand Falls
reservoir, Assuming that the above percentage of the construction cost of the dams
including cofferdams and diversion tunnels is allocated to the cnvironmental

component, the cost bom by the power gencration will be decreased, resulting in EIRR
at 14.4 % and a net benefit of USS$ 37.5 million.

- The 490 million m' is the maximum volume of artificial flood release with the adoption
of “Predefined Fixed Flood Release” of the Main Report. By adopting the “Varable
Supplementary Flood Release™ method which takes into consideration the contribution
of additional flows from the downstream catchment area, the volume of antificial flood
release will be decreased by about 12% as an initial estimate, which will increase the
EIRR 10 12.5%. It is clear thal if the entire upstream system of 7 reservoirs is managed
according to upstream rainfall events to maximise the use of seasonal flows, the
potential to increase power outpul from the whole system would also be increased.

Additional Environmental Assessmen

37. The environmental assessment study recommended to carry out an additional
assessment of the environments in the lower reaches of the Tana river without delay, taking
into constderation the present adverse effects of the existing dams on the downstteam
environment and possible further increase of the impacts eventually caused by the
implementation of the Project.

The additional environmental assessment study will aim at the implementation of long-term
and overall environmental management plan in the Tana river flood plain and delta, which 1s
assumed to be realized through the following procedures:

(1) Implementation of an environmental assessment study
(2) Development of a management plan based on the assessment
(3) Implementation of the monitoring management plan

The object of the study covers step (1) which is to conduct an environmental assessment on
the Tana niver flood plain and delta, paying due attention to the linkage among the resources,
human activities and river flow regime. The study will include:

1)  Review and compilation of data and information

2)  Survey and investigation of physical conditions

3)  Identification of values, functions and sensitivities of ecosystem
4)  Identification of uses and dependencies on natural resources

5)  Investigation of impacts on socio-economic activities

6) ldentification of development opportunity and constraints

7)  Identification of management issues
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8}  Development of management policy
9)  Training and technology transfer

The study area will cover: 1) The river reaches downstream of the Grand Falls dam, the Tana
river flood plain downstream of Garissa, and the Tana delta which will include alt pennanent
and scasonal wetlands and coastal resources, including marine resources off-shore of the
delta to a depth of 15 meters as well as “hintertand” resources seasonally dependent on the
Tana river, and 2) the Tana river reaches upstream of Garissa in relation to flow regime
including sediment.

The study period is assurned to be 24.0 nonths in total from the time of cormencement, in
which two wet seasons in the early study period will be allocated for the measurement of
runoff and sediment because the flow regime in this nature will have key role on the

environment in the flood plain. The time schedule of the respective study items is assumed to
be as shown in Figure 5.22.
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