


(2)

(3)

The generated electric power at the Upper Kihansi Power
Station is to be transmitted by the connecting transmission
line from the switchyard to the 220 kV transmission line
constructed from the switchyard of the Lower Kihansi Power
Station to Iringa Substation.

The Lowexr Kihansi Project

The dam site is located about 3 km downstream from the
Upper Kihansi Power Station on the Kihansi River and the
concrete gravity dam with height 35 m and dam volume
54,000 m’ is constructed to provide gross regulating
reservoir storage capacity of 1.4 x 10° m’ and the effective
of 0.48 x 10° m’. The inflow into this regulating reservoir

is to be daily regulated.

The maximum available discharge of 22.2 m’/sec is introduced

to the intake constructed at the left bank just upstream of

the dam and conducted to the powerhouse situated at the .
left bank through the headrace tunnel and the embedded

penstock with total length of 4,181 m and the maximum
output of 153 MW with the annual electric firm energy of

551.0 GWh is generated with the effective head of 813.0 m.

Generated water is to be outlet to the Kihansi River
thfough the tailrace tunnel with lehgth of 615 m.

The generated electric power at this power station is to be
transmitted from the switchyard to Iringa Substation by the
newly constructed transmission line.

Transmission Line
The transmission line with 220 kV and 2 circuits is to. be
newly constructed starting from the switchyard of the Lower

Kihansi Power Station via that of the Upper Kihansi Power
Station to Iringa Substation with total length of 113 km.
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The layouts of the Upper and Yower Xihansi Projects are
shown in ¥Fig. 3 - Fig. 12.
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Summary of Upper Kihansi Hydroelectric Power Development Project

Ttem Unit - Description

Location Kihansi River
Catchment Area km” 583
Anmual Inflow 10° m> 494 .48
Design Flood m’/sec 400
Reservoir

Normal High Water Level m 1,360

Low Water Level m 1,330

Available Drawdown m 30

Sedimentation Level m 1,300

Gross Storage Capacity 10° o’ 94.%0

Effective Storage Capacity | 10° m® 75.10

Reservoir Area km® 3.86
Sub-diversion Tunnel

Design flcod discharge m’/sec 10

Type | Semi~circle

ﬁumbér 1

Dimensibﬁ m 2.00

_ m Height 2,00
Length m 300.00
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Description

Item Unit
Main Diversion Tunnel
Design flood discharge m’/sec 90
Type Semi-circle
Number 1
Dimension m width 3.00
m Height 3.00
Length m 425.00
Dam
Type Rockfill with center
core

Crest elevation m 1,365.00
Crest length i 583.00
Crest width m 10.60
Dam height m 95.00
Dam volume m 5,350,000

1 8pillway

| Dpesign flood discharge m’/sec 400
Spillway capacity m’/sec 400
Type Free overflow type
Crest elevation m 1,360.00
Crest length ™ 100
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Ttem Unit Description
Intake
Type Inclined type made of
reinforced concrete
Numbexr 1
Maximum discharge w/sec 25.7
Inlet level m 1,220.00
Dimensibn m Width 6.00
m . Height 50.00
Headrace Tunnel
Number 1
Maximum discharge w/sec 25.7
Diameter m 3.30
Length m 653.00
‘Penstock
Number 1.
Maximum discharge m/sec 25.7
Diametexr m 3.30 ~ 1.85
Length m 510.24
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Item Unit Description
Powerhouse
Type Semi-underground of
reinforced concrete
Dimension m width 20.00
m Length 22.50
m Height 35.00
Turbine center level m 1,135.00
Installed capacity MW 47
Tailrace Tunnel
Type | Horseshoe
Maximum discharge m’/sec | 25.7
.Diameter m 4.00
Length. m 641.00
Pailrace Qutlet
| Type ' ' Box culvert made of
reinforced concrete
Maximum discharge m’/sec 25.7
Dimension m | wWidth  4.00
n Length 10.00
m Height 7.50
Outlet level ' . _ 1,135.35
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Ytem Unit Description
Turbine
Type : Vertical Shaft Francis
Turbine
Nﬁmber of unit 1
Rated effective head m 214.50
Water discharge m’/sec 25.17
Rated output MW 48
Revolving speed rpm 429
Generator
Type 3-phase, AC,
synchronous generator
Number of unit 1
Capacity | MyA {53 {(with (.9 lagging
power factor)
Revolving speed rpm 429
Frequency ' Hz 50
Voltage kv 11.0
Main Transformer
Type | Outdoor, single-phase
transformer
ﬁumber of units 4 (including 1 spare
transformer)
Capacity MVA 53
Voltage _ ' kv 11.0

- 30 -







Ttem Unit Description
Switchyard
Bus type Single bus
Bus Aluminum cable
Number of lines 2 circuits
Voltage 1 220
Conductor type ACSR, 400 nm”
Annual Enexrgy Production
Total Energy GWh 275.1
Firm Energy GWh 335.7
Construction Period years 4.5
Project Cost 10° uss 261,000
Unit Construction Cost at US$/kwWh 0.78
Sending End
Financial Internal Rate of % 6.49
Return (FIRR)
Economic Internal Rate of % 11.26
Return (EIRR)
Net Present Value (B-C) 10° usg 9,221.46
Benefit Cost Ratio (B/C) 1.07
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Summntary of Lower Kihansi Hydroelectric Power Davelopment Project

ITtem Unit Description
Location Kihansi River
Catchment Area km” 590
Annual Inflow 10% w’ 500.48
Design Flood mw/sec 400

Regulating Reservoir

Normal High Water Level m 1,140
Low Water Level _ m 1,137
Available Drawdown m 3
Sedimentation Level n o 1,125
Gross Storage Capacity 10° m 1.39
Effective Storage Capacity | 10° w’ 0.48
Reservoir Area km?® 0.19
Diversion
Design flood discharge m'/sec 80
Type Box culvert inside the
_ dam
Number | m _ ' 1
Dimension m Width 3.00
| m Height 4.00
Invert level 1,115.00
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Item Unit Description
pam
Type Concrete gravity
Crest elevation m 1,143.00
Crest length m 177.00
Crest width m 5.00
Dam height m 35.00
Dam volume m’ 54,000
Spillway
Deéign flood discharge m'/sec 400
Spiilway capacity n/sec 160
Type Free overflow type
Crest elevation m 1,140.00
Crest length m 13.00 x 4 spans
= 52,00
Sand Flushing
Capacity m'/sec 240
Type Controlled type with
gate inside the dam
Dimension m Width 4.00
m Height 4.00
Invert level m 1,123.00
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Ttem Unit Description
Intake
=Type Vertical type made of
reinforced concrete
Number 1
Maximum discharge m'/sec 22.2
Inlet level m 1,125.00
Dimension n Width 6.00
m Height 25.50
Headrace Tunnel
.Number _ 1
Maximum discharge n’/sec 22.2
Diameter m . 3.00
Length m 1,258.69
Penstock
ﬁumber Main 1
Branches 3
Maximum discharge ' /sec Main 22.2
m /sec Branches 7.4
Diameter m Main 3.00 ~ 2.20
m Branches 1.80 ~ 0.90
Length m Main 2,858.31
| m Branches No;l 80.00
No.2 82.05
No.3 64.00
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Item Unit Description
Powerhouse
Type Semi-underground made of
reinforced concrete
“Dimension m Width 25.50
m Length 59.00
m Height 34.60
Turbine center level m 296.50
Installed capacity MW 153
Tailrace Tunnel
Type Main | Horseshoe
Branches Semi-circle
Maximum discharge m'/sec Main 22.2
m/sec Branches 7.4
Diameter m Main- 3.50
m Branches 3.00
Length m Main 580.00
m Branches 35.00 x
3 units = 105.00
Tailrace Outlet
Type Open channel made of
reinforced concrete
Maximum discharge m’/sec 22.2
Diménsion. m Width 7.00 ~ 15,00
m Length 47.00
m Height 9.70
OutIEtflevel m 293.00
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Ttem Unit Description
Turbine
Type Vertical Shaft Pelton
Turbine {6-nozzle)
Number of unit 3
Rated effective head m 813.00
Water discharge m'/sec 7.4
(22.2 with 3 units)
Rated output MW 52
Revolving speed rpm 750
Generator
Type 3-phase, AC,
synchronous generator
Number of units 3
Capacity MVA 57 (with 0.9 lagging
power factor)
Revolving speed rpm 750
Frequency Hz 50
Voltage kv 11.90
{ Main Trénsformér
Type Outdoor, single-phase
transformer
Number of units 10 {including 1_spare
transformer)
Capacity MVA 19
Voltage kv 11.0
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Ttem Unit ' Description

Switchyaxd
Bus ty@e Double bus
Bus . | Aluminum cable
Number of lines 2 circuits
Voltage XV 220
Conductor type AAC 400 mm®

Transmisison Lines

Number of circuits 2
Voltage kv 220
Conducﬁor type ACSR 380 mm’
Section:

Lower switchyard to

Iringa Substation

Length km 113

Annual Energy Production

Total Energy GWh 868.9

Firm Energy GWh 551.0
Construction Period years 3.5
Project Cost | 10° Us$ 206,000
Unit Construction Cost at Uss/kwh - 0.37

Sending End







Item Unit Description
Economic Internal Rate of % 45.94
Return (EIRR)
Financial Internal Rate of % 12.74
Return (FIRR)
Net Present Value (B-C) 10° Uss 129,236.15
Benefit Cost Ratio (B/() - 2.32
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Chapter 4 CONSTRUCTION SCHEDULE AND CONSTRUCTION COST

Construction Schedule

Considerihg the commissioning year of the Upper Kihansi

Project in 1999, and the Lower Kihansi Project in 1996,

preparations for construction should be wade roughly:
according to the following time schedule.

1} Upper Kihansi Project

19892 - 1990-12 Prefeasibility Study (1 year and 9 months)

1991-7 ~ 1992- 6 Feasibility Study (1 year)
1992-7 ~ 1993-12 Definite Design (1.5 years)
1994-1 - 1995- 6 Finance {1.5 years)
1995-1 - 1995- § Preparation Works (0.5 year)
1995-7 - 1999-12 Construction (4.5 years)

2) Lower Kihansi Project

1989-2 - 1990-12 Feasibility Study ‘ (1 year and 9 months)
1991-2 - 1992- 7 Definite Design (1.5 years)
1991~-1 -~ 1993~ 6 Finance : (2.5 years)
1992-1 - 1993- & Preparation Works (1.5 years)

1993-7 - 1996~12 Construction {3.5 vears)

The construction works of the Upper Kihansi Project and the
Lower Kihansi Project require periods of approximately 4.5
years and 3.5 years respectively as a result of studying the
meteorology and topography of the project area, the scale of
gonstruction, construction materials, layout of Structures,
preparatory works, etc. The work schedules of the projects
are given in Figs. 11 and 12.
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4.2

Construction Cost

The construction cost of this Project is estimated agsuming
that design, construction methods, and materials and
products according to the technological levels being able to
be expected at the present are applied, with the geological
and regional conditions of the project sites, construction

scales and so on taken into consideration.

The total construction cost of this project is estimated

dividing the local and foreign currencies and the costs of

‘access roads, camp facilities, environmental counter-

measures, transmission line, substation facilities,
engineering fee and administrative expenses and interest
during construction are included in the project cost itself,

but inflation is not taken into consideration.

The cost estimation time is set in June, 1989 (exchange
rate: 140 Tsh/1 USS).

The list of jtems of construction cost on this project is
shown in Table 3.
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Fig. 13  Construction Schedule (Upper Kihansi)
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Fig. 14 Consiructibn Schedule (Lower Kihansi)
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(2)

Chapter 5 ECONOMIC EVALUATION AND FINANCIAL ANALYSIS

Economic Evaluation

As the method of the economic evaluation of this project,
an alternative plant approach is employed to measure and
evaluate economic costs of the proposed project and the
alternative project.

The cost and benefit flow of the combined project on the
Upper and Lower Kihansi Projects is presented in Table 4
and the resulis of evaluation of EIRR, B-C and B/C of the
Upper and Lower Kihansi Projects and the combined proiect

are as follows:

EIRR B - C B/C
Upper Kihansi Project 11.26% 9,221 x 10° US$ 1.07
Lower Kihansi Project 45.94% 129,236 x 10° US$ 2.32

Combined Project 39.31% 146,347 x 10° USS 1.76

As indicated by indices of B-C and B/C of the combined
project, the costs of construction and operation of the
project is much smaller than those of an alternative
thermal power plant which can provide equivalent service,
and it can be also concluded that the project can continue
to maintain its superiority as long as the discount rate
which reflects the capital opportunity cost does not exceed
39.31%.

Financial Analysis

For the financial analysis of the project, ™"Financial
Evaluation from Viewpoint of Total Investment-~Calculation
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