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PREFACE

In response to the request from the Government of the United
Republic of ranzania, the Government of Japan decided to conduct
a feasibility study on Kihansi Hydroelectric Power Development
Project and entrusted the study to the Japan International
Cooperation Agency (JICA).

JICA sent to Tanzania a study team headed by Mr. Yasumasa Ebi
of Electric Power Development Co., Ltd. six times from January
1989 to September 1990, '

The team.held discussions on the Project with the officials
concerned of the Government of Tanzania and conducted field
surveys. After the team returned to Japan, further studies were
made and the present report was prepared. '

I hope that this report will contribute to the development of
the project and to the promotion of friendly relations between
our two countries.

I wish to éxpress my sincere appreciation to the officials

concerned. of the Government of Tanzania for their close

cooperation extended to the team.

Octobexr, 1990

Kensuke Yanagiya
. President
Japan International Cooperation Agency






100loid 1suBLpy oddn







109001 I1SUBYY 18MOT







Mueq io) weansdn ayi wWoll Matp
ayg weg Jaddn







Cascade of Kihansi River Between Upper Dam and
Powerhouse '

Upper Powerhouse and Tailrace Sites
View from the site of the upper part of penstock






Lower Dam Site
View from the upstream left bank

_ Lower Dam Axis _
View from the high water level of left bank






- Kihansi Fall
View from the downstream left bank

Lower Powerhouse ~ and Tailrace Sites
View from the site of the upper part of penstock
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SUMMARY

This report concerns the feasibility study of the Xihansi
Hydroelectric Power Development Project of the Republic of
Panzania. The feasibility study has been conducted from 1989 to
1990 by the Japan International cooperation Agency (JICA) under
a technical cooperation program of the Government of Japan.

This report is submitted by JICA, through the Ministry of Foreign
Affairs of the Japanese Government, to the Tangzania FElectric
Supply Company Limited {TANESCO) of the Government of Tanzania.

A brief summary of the results of the feasibility study is
presented in the following part of this section.

(1) TFeatures of the Project

The Kihansi Hydroelectric Power Development Project
consists ‘of ‘an Upper Kihansi Project located at the
midstream stretch of the Kihansi River in the Rufiji River
System, a project'at a site for dam-type power generation
with a reservoir capable of complete reqgulation of the
annual inflow of a catchment area of 583 kw’, a Lower
‘Kihansi Project downstream for waterway-type power
generation with a regulating reservoir, and a powver
transmission line project to Iringa Substation. This

"~ Kihansi River rises from a hill area south of Iringa and
the river channel meanders gently down to the Upper Kihansi
‘Project site, but downstream of the dam, the river gradient
abruptly changes tc that of a swift stream, and in spite of
the fact that the outlet point of Lower Kihansi Power
‘Station is reached with a horizontal distance of 5 km, the
river channel is so steep that the head is as much as
1,000 m.

S (1)



Although annual rainfall ranges widely between 1,000 mun and
1,800 mm, this is a high-rain area with distinct rainy and
dry seasons. However, the flow-duration curve of the
project site indicates an extremely even shape and effects
of the dry season are not prominent. In other words,
contrasted to an annual average discharge of 15.9 m’/s, the

firm discharge (95%) is 11.8 m’/s.

Consequently, the runoff regulation to be done in the Upper
Project is for complete regulation with a small reservoir
capacity of 75 x 10° m’, and all of the runoff can be made

effective.

Meanwhile, there are approximately 3,400 people living
along ridges of hill areas in the vicinity of the project
site engaged in subsistence farming based on slash-and-burn

agriculture.

The slash-and~burn farmland to be submerged in the
reservoir area as a result of this Project is a few and no
resident exists, while there is nothing else at all, such

as roads, public buildings, etc., requiring compansation.

The basement rocks comprising the geology of the river
basin axe Precambrian gneisses, and ‘these are ~widely
distributed. The geological structure has dykes running
predomiﬁantly in the northeaStesouthwest_directiOn, but
~ prominent faults are not seen. 'quever, at parts of high
elevation, rain forest soils and laterite soils overlie the
‘basement rocks, and these go down to depths of as much as

30 m in places.

The development program based .on  these  conditions,
considered from a physical development schedule,'is'fqr
start-up of the Lower Kihansi Project to be in 1996, -and

that of the Upper Kihansi Ptoject in 1999.

(2)



(2)

These timings can even be said to be almost too late

considered on the basis of the power demand forecast, and

it is desirable for the Kihansi Hydroelectric Power

Development Project to start operation at an early stage as
much as possible. It may be expected that the development

of the XKihansi power generation project will contribute

‘greatly to economic development in the project area.

Hydrology and Meteorology
+ Dam Site Runoff

The catchment areas of the Upper Kihansi and Lower

Kihansi damsites are 583 km” and 590 kmz, respectively.

. There are the three runoff'gadging stations of 1XB28,
_NCB,'and-N01'in the Kihansi Basin. - Of these, water level
‘observations have been continued at 1KB28 (catchment
: érea, 618 knf)“5ince:1975, and the runoff at the dam site
after 1975 was calculated mainly through catchment area
‘conversions from measured déta of 1KB28. Regardihg 1974
and before, data were prepared by the methods described
“ below. a

1) 1957-1974

At the. Mpanga ‘River adjacent on the west of the
"Kihahsi,.theié have been. water level observations
made ‘at 1KB8 Gauging Station since 1957, and as the
correlation with 1KB28 is good, the runoff of the
1KB28 site was calculated from the 1KBS runoff by a
regression equation.

(3)



2) 1527-1956"

It has been confirmed through various meteorological
data and literature that the general area of East
Africa before 1955, compared with after that' year,
had tended to be droughty. To. be able to set
appropriate reservoir scales and reservoir operation
rules, pre-1955 data observed at Ifakara since 1927
were converted to runoff by the:tank model method. -

The mbhthly runoff data for the Upper Kihansi and
Tower Kihansi dam sites are given in Tables 6-4 (2)
and 6-4 (3).

* Design Flood Discharge

Since runoff data sufficient. for calcuiatingustatistic
prdbability values were not available on the Kihansi and
neighboring river basins, and in view of the impoﬁtance
of the Kihansi Project for the Tanzanian economy and
society, and of the fact that Upper Kihansi Dam'is to be
a large scale dam of a height about 100 m, PMF techniques
were adopted for calculating the design fiood_discharge,
and 400 m’/s was adopted for both Upper Kihansi Dam and
Lower Kihansi Dam. Further, the flood diécharge needed
for care of river flow during_coﬁstruction was calculated
by probability techniques and,. for Upper Kihansi Dam,
which is to be a rockfill type, the 20-year return period
value of 90 m’/sec was adopted, while for Lower Kihansi
Dam, which is to be of concrete gravity type, the 5-year
return period value of 80 m’/sec was adopted.

» Sedimentation

For estimates of sedimentatidn; 'suspended-- load
measurement data of the Kihansi River and data of
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neighboring rivers were used, with bed load and reservoir
- trapping effects taken into account, and the wvalues for
‘the project sites 50 years after construction of the dams
were adopted. The results are as follows:

Upper Kihansi Dam

sedimentation volume 750 x 10°m’

sedimentation level 1,300.00 m
TLower Kihansi Dam

sedimentation volume- 125 x lO%f‘

sedimentation level ' 1,125.00 m

(3) Geology, Construction Materials and Seismicity
s Geology

The Upper -Kihansi and Lower: Kihansi project sites, as
shown in Figs. 7-4 and 7-5, are composed of gneisses of
Precambrian era, and Quaternary slope wash and alluvium

which cover these gneisses at parts.

The "gneisses"” mentioned here is a general term for

biotite ' gneiss, quartz gneiss,  amphibolite, and
iamprophyré,‘and of these, biotite gneiss is distributed
thefmpét widely.

Slope wash and alluvium are mainly distributed downstream
of 'the Lower Kihansi dam site, and are seen at the foots
of cliffs and in the Xihansi River.

As for geologic structure, there is a foliation of
gneisses striking in the NNE-SSW direction and dipping
*20°;£0_70°”to'£he west intersecting slightly diagonally
fthe_Kihansi'River which' flows approximately north-south.
According td'aérialﬂphoto.interpretaﬁions, predominant
;iheament patterns are seen in the N-S, NE-SW, and WNW-
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' ESE directions. There aré few faults confirmed through
outcropping at the ground surface, and faults have not
been confirmed at the ground surface at even the Uzungwa
Scarp thought to be a fault scaxrp.

mlthough not shown in Figs. 7-4 and 7-5, a comparatively
thick weathered layer covers the area upstream from the
vicinity of the lLower Kihansi dam site. According to
boring investigations made at the Upper Kihansi dam site,
there are places where a weathered layer 30 m or more in
thickness has been confirmed. Since outérops of bedrock
are seen comparatively frequently at the river bed of
this area as a whole, iﬁ may be said there is a trend fox
the weathered layer to be thick at the gently-sloped
ridges and thin in the vicinity of the river bed.

To summarize the engineering geological evaluations of
the: principal —civil structure sites'-planned, the

following may be said:
1) Upper Kihansi Project Site

- A soft, weathered layer of thickness approximately
20 m is distributed at the dam site, mainly at.
ridges. On the other hand} bedtock_existing at
deep parts and at the river bed is generally hard
although deteriorated portions may be partially
observed, and this is thought to possess ample
suitability as the foundation rock for a rockfill
dam of height approximately 100 m. N

- 1t is thought that for the dam axié,ithé:geologicai
conditions are better with less weathering to shift
approximately.SO;m downstream rather than the line
connecting the: sites. of boring (val-faﬂd55KU~3)
performed  at | the slopes .of .both - banks.
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Consequently, the dam axig should be selected at
this line.

- 0f the waterway route, the ground surface of the
section including  the projected intake and the
headrace tunnel is expected to have a distributicn
of a slightly thick weathered layer. Howeveér, if

- the tunnel elevation is as projected, the tunnel is

to pass through comparatively fresh bedrock.

= It can'be.expected that sound bedrock 'is to be
exposed as the foundation for the projected Upper

Powerhouse.
- 2) YLower Kihansi Project Site

- The line connecting the boreholes at the both banks
is thought to be most suitable for the Lower danm
axis from the facts that it avoids watexfalls, the
river width is narrowed by a ridge protruding out
‘at the left bank} and surface deposits are small in
quantity. The thicknesses of weathered layers here

' are estimated to be 5 to 7 m.

- ‘For the headrace and the penstock, it is considered
that a tunnel proposal is to be more advéntagedus
than a surface proposal in view of the facts that
there are many'ﬁlaces of steeply-sloped topography
‘and numerous scars can be seen.

- From-the points of view of topography and géology,
the location of the Lower Kihansi Powerhouse should
be selected inside the gentle slope shown in
'Fig;_7;5} - However, since it is possible the
1ineamént'pattern in the N76°W direction shown in
Fig. 7%5 is that of a fault, it is desirable to
avoid this. |
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Construction Materials

With regard to borrow materials, it is considered most
suitable for the residual soil and weathered rock widely
distributed at the ground surface in the vicinity of the
'Upper Kihansi dam site to be used mixed with coarse

material.

With regard +to. concrete aggregates, there are no
sediments to be seen in this area which are available in
large guantities. As a result of testing, the gneisses
widely distributed as basement rock in this area can be
used as concrete aggregates from the standpoints of
specific. gravity, absorption, alkali-aggregate reaction,
and further, strength. Conseguently, it is thought the
best method for this Project is to select a guarrxy at the
optimum location and obtain concrete aggregates in the

form of crushed stone.

Furthermcre, it is necessary hereafter to ascertain at

the quarry site the quantity and properties of the

weathered layer that can be furnished as borrow material,

-and to investigate the distribution of fresh rock that

can be considered for blendiﬁg with borrow material and
that can be used as concrete aggregates( ?artiCularly,
with regard to fresh rock, confirmation of rock type is
an important point in investigations since in the case of
gneiss containing large amounts of biotite "abrasion
loss" is presupposed to be: high, and it is conceivable
that securing the necessary gquantity of coarse aggregate

may be difficult.

(8)
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o Seismicity

As a result of investigations, 349 earthquakes were found
to have occurred during the 78 years from 1910 to 1987
within a radius of 500 km from the dam site. The
magnitudes had all been under 7, with hypocenters
concentrated along the Western Rift Valley passing the
vicinity of Mubeya.

As a result of statistical analyses based on these
earthquake data, approximately 13 gal was obtained as the
design eafthquake intensity of this project site in terms
of 10,000~year return period.

Based on a comprehensive judgment of such statistical
analysis results and existing data concerning
earthqguakes, the deéign horizontal seismic coefficient of
the project site ﬁas set as 0.10.

Electric Power Demand and Supply

The electric power sjstems of the Republic bf Tanzania
consists of the interconnected power system that  1inks
major cities of the country and isolated power systems
which supply small settlements which are far isolated from

‘the main interconnected power system. The interconnected

power system has been expanded gradually, and most major

cities of the country is today interconnected after the
interconnection has been extended to the region of Victoria
Lake of the northwest in 1988,

As of 1January, 1989, the total generating capacity

_connected 1x3_thé intérconnected system is 418 MW, with
‘ approximately. 79% (329 MW) of the facilities consisting of
\'hydroelectrlc power. statlons.
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All thermal power generation facilities are small capacity
of diesel and gas turbine plants. As all petroleum fuel is
imported, the basic policy of TANESCO is to supply as much
energy as possible from the hydroelectric power stations,
and to use the thermal power stations as resexrve

capacities.

As the interconnedted power system has been expanded by new
transmission lines, the total demand of interconnected
system is steadily increasing. The total = energy
consumption in 1988 was 1,123 GWh, and the maximum peak

generation was 219 MW.

Power demand in Tanzania, reflecting stagnation of the
economy, had shown an annual grthh.rate of 5.9'per¢ent up
to 1985, but as a result of the economy turning around
favorably with an economy recovery programme receiving aid
from the World Bank, the growth rate rose sharply to 10.3
percent in 1986 -~ 1988. Hereaftexr, from 1990 to 2005, it
is estimated that the growth rate in power ‘demand ‘will be
an annual 6.2 percent. The projection of energy generation.
and peak power generation for the period between 1991 and
2005 are presented in the table below. '
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Energy Generation Peak. Power

- (GWh) (MW)
1991 1707 304
1992 1813 323
1993 1925 343
1994 2045 365
1995 ' 2171 : 387
1996 2306 411
1997 2449 437
1998 2601 464
1999 2762 493
2000 : 2933 523
2001 3115 556
2002 3309 590
2003 3514 627
2004 - 3731 666
2005 : 3963 707 .

PANESCO plans to meet this demand growth totally by supply
from'hydroelectric power generation facilities, except for
a thermal power plant (20 MW) which is to be constructed in
1992 as a supplemental measure. The hydroelectric power
dévelopment program baséd on the plans of TANESCO and this

_case study are as presented below.

Year-of: . Installed

Commissioning . Pr0]egt : : Capacity
. (MW
1985 Pangani Falls Redevelopment 60.0
1996 . Lower Kihansi : - 153.0
1999 ' Upper Kihansi ' 47.0
2002 Masigira : 80.0
2005 E Rumakali o 204.0
2009 ‘Ruhudji Stage 1 250.0
2012 Mpanga _ B : : 160.0
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Wwhen the balance of supply and demand is examined from the
demand projection obtained above and this development
program, it is found that the pace of development is a
little slow. That is, energy supply shortage is to be
faced in case of a dry year in 1996, and shortage in both
energy Supply and reserve power capacity' is also
anticipated in dry years after 2000 and before 2005 when

Rumakali is commissioned.

Power System Analysis

As large supply sources of Kidutu and Mtera Hydroelectric
Power Stations are situated in the central region of
Tanzanla, the demands are concentrated at Dar Es Salaam and
on the substations along the 132 kV transmission system
that extends from Dar Es Salaam to the north. Therefore,
heavy power flows from Kidutu and Mtera Power Stations to
Dar Es Salaam and then northward to Arusha which is located
at the northern end of the power systen. '

bue to this power flow, the voltage of the interconnected
system tends to be reduced in the eastern areas and tends
to be raised in the western areas where load is relatively
light, As this trend is to .persist in futuﬁe; it is
required to install appro?riate reactive power suppliers

corresponding to the increase of load of the power systemn.

TANESCO plans to construct a new, single;Circuit_ZZO'kV
transmission line from Singida Substation which ié in'the..
western part of the lnterconnected system to. . Njiro
Substation at Arusha. TANESCO also plans to construct a
single circuit 220 kV transmission line from.Kldatu Power
Station to Ubungo Substation at outskifts'of Dar Es Salaam,'
and construct a new substation aloﬁg ﬁhe'220 kv system of
Dar Es Salaam.



Although such reinforcement of power system is to make it

possible to deal with the demand increase in the
interconnected_power system, the effect of line failure,
asnch as those caused by thunder strokes, is to be serious
because nost of transmission lines are of single circuit
design. In particular, it is desirable to have the 220 kv
transmission lines from Mtera Power Station through Iringa
éubstatioh:to Kidatu Substation made to double circuits in
order to improve the reliability of the interconnected

power system.

It is planned that the transmission line from'Upper Kihansi
and Lower Kihansi DPower Stations is to  be directly

. connected to Iringa Substation which is the key substation

in the interconnected power systemn. The length of

trahsmission is 113 km (105 km from Upper Kihansi). The

_voltage lS selected at 220 kV and the number of circuits to

be two, by due consxderatlon on the transmission capacity
and rellablllty

Environment and“Compensation

There are a]most no resxdents and fa0111t1es to be affected

by the constructlon of the power stations since Kihansi and

.Ruaha_Rlversbhave_no.lrrlgatlon facilities. Part of the
~forest reserve with an area Qf-2.3_km2i5 to be submerged by

the planned impoﬁndment of the upper reservoir, covering

only less than 1% of the total area of the forest reserve
with an area of 300 km

'Aquatic animals such as fishes, etc., are scarcely seen in
szlhanSL and Ruaha - Rlvers since the water quality. of both

steep rivers with exposed, rocks at the riverbed shows

'relatlvely strong acxdlty and sterlllty due to surface soil

and burned/cultivated fields. The inhabitation of large-
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sized animals has not been confirmed sihce the planned
power station site area is w1dely cleared away as burned/
cultivated flelds and their unused flelda

According to the on-site survey of the environment, there
are two villages with a population of 3,400 and 540 houses.
The planned power station site consists of these residents’
burned/cultivated fields and their unused fields, and a
great deal of nature there has been already changed.
Residents live on a hill far away from the power stations
except huts for'agricultural work, and they scafcely have

to move their houses.

Tt is possible to lawfully acquire land required for the
establishment of the power stations under the provisions of
the Land Act of the IRepﬁbliC'jof: Tanzania.  Since the
compensation system for acqulred ‘land has been establlshed
and the amount of compensatlon money is small, this does

not become a controversial issue at all.

The power stations are expected to largely contribute to
the development of this region since public facilities such
as roads, etc., are to be established félldwihg the
construction and operation of the power statlons.. The
upper reservoir will provide waterfowls with new habltabs,
and residents with the possibility of the cultlvatlon of
fishes such as introduced species ‘and “of watexr-borne -
traffic respectively. However, the occurrence of harmful

plants and vermin should be carefully controlled.

As mentioned above, the'power stations are expedted to
affect the natural and social ‘environment SCéfbely_as a
whole while this power station projebt'alms‘at:the étable
supply of power, largely contrlbutlng to the development of

regional societies.
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As a part of the maintenance of the power stations, the
effects of the power stations should be envirommentally

monitored for grasping changes in the environment..
Outline of the Development Scheme

The total of maximum outputs of the Upper Kihansi Project
and Lower Kihansi Project of  the Xihansi Hydroelectric
Power Development Project is 200 MW. The annual firm
energy’ from this hydroelectric power generation is
calculated as 886.7 GWh.

When this is compared with coal-fired power generation, it

‘corresponds to an annual coal consumption of approximately

. 680,000 tons. . The - principal specifications are as

desdribed below.

_« The Upper Kihansi Project

This Project is located at the upstream of the Kihansi
River, one of the tributary of the Rufiji River.

A_rdckfill dam with height 95 m and dam volume 5.35 x
106}f.is'constfudtéd to provide gross reservoir storage
capacity of 94.9 x iOan with the effective of 75.1 x
.losnf ét about 3 km downstream from the confluénce of the
tributary Ruaha River and  average annual inflow of 494

: A6 3. . L .
x 10" m is regulated in this reservoir.

The maximum available discharge of 25.7 m'/s introduced to
the ihtaké at SOO m upstream of the right bank of the damn
is conducted to the powerhouse situated at the right bank
through.the headrace tunnel and the open type'pénstock
‘with total length of 1,163 'm and generatéd maximum output
of 47 MW with annual. electric firm energy of 335.7 GWh
- with effective head of 214.5 m. The generated water is
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to be discharged to a regulating reservoir of the Lower
Kihansi Project through a tailrace tunnel and open
channel with length of 1,140 m.

The generated -electric power at the Upper Kihansi Power
Station is to be transmitted by the connecting
transmission line from the switchyard to fthe 220 kv
transmission line constructed from'the switchyafd-of the

Lower Kihansi Power Station to Iringa Substation.
The Lower 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  regu1ating'
reserveoir 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

gsituated at the left bank thrOugh the headrace tunnel and

the embedded penstock with total length of 4,181 m and
the maximum'output'df 153 MW With'the.ahnﬁal'élebtric
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 through the tailrace tunnel with léhgth 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.
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+ Transmission Line .

The transmission line with 220 kV and 2 circuits is to be
newly constructed starting from the gwitchyvard of the
Lower Kihansi Power Station via that of the Upper Kihansi
Power Station to Iringa Substation with total length of
113 km.

(8) Construction Schedule and Construction Cost
s Construction Schedule
Considering the commissioning year of the Upper Kihansi
Project in 1999, and the Lower Kihansi Project in 1996,
preparations for construction should be made roughly

according to the following time schedule.

1) Upper Kihansi Project

198952 - 1980-12 ©Prefeasibility Study (1.yearenui9*m0nths)
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- 6 Preparation Works (0.5 year)

1995-7 - 1999-12 Construction (4.5 years)

25 Lowexr Kihansi

1990~12

Project

Feasibility Study

1989-2 - (1 year and 9 months)
1991-2 - 1992- 7 Definite Design (1.5 years)
1991-1 - 1993~ 6 Finance (2.5 years)
71992-1 - 1993~ 6 Preparation Works (1.5 years)
'51993—7 -,1996~12 Construction - {3.5 years)

5The constructlon works of the Upper Kihansi Project and
the
approxlmately 4. 5 years and 3.5 years respectively as a

Lower Kihansi  Project réqulre periods of

result of studylng the meteorology and topography of the

project area, the scale of construction, construction
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materials, layout of structures, preparatory works, etc.
The work schedules of the projects are given in Figs.
11-5 and 11-6.

Construction Cost

The construction cost of this Project is estimated
assunming 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 facilitiés, 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 US$). :

The list of items of construction cost on this project is
shown in Table 11-7. . '

(9) 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 prdposed project and the

alternative project.
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The cost and benefit flow of the combined proiject on the
Upper and Lower Kihansi Projects is presented in Table
13-1 and the.results of evaluation of EIRR, B-C and B/C
of the Upper and Lower Kihansi Projects and the combined

project 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 ihdicated by indices of B-C and B/C of the combined
project, the costs of construction and operation of the
project is much smallexr 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
of the Financial Internal Rate of Return" is analyzed and

judgement is made for evaluation.

FIRRs of the Upper Kihansi Project and the Lower Kihansi
Project are 6.49% and 12.74% respectively and that of the
‘combined project is 12.07%. as shown in Table 13-5.

~Judging from the FIRR of the combined project, the

project is sound from the financial point of view, even
though the Upper. Kihansi Project itself is not sound
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based on the unit electric price adopted for the
evaluation.
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Summary of Upper Kihansi Hydroelectric Power Development Project

Item Unit Description
Location .Kihansi River
| Catchment Aréa km® 583
Annual Inflow 10° m° 494.48
| Design Flood | m’/sec 400
Reservolir .
Normal High Water Level n 1,360
Low Water Le#el m 1,330
Available Drawdbﬁn m 30
Sedimentation Level ™ 1,300
Gross Storage Capacity 10fnf 94.90
Effective Storage Capacity | 10° n’ 75,10
Reservoir hrea | xm? '3;86
VSub—diversion Tunnel
Design flood.diééharge m’/sec 10
Type | Semi-circle
Numbeff 1
Dimension _ m Width 2.00
m Height 2.00
' Length T 300,00
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Item Unit Deécription
Main Diversion Tunnel
Désign flood aischarge n/sec 90
Type | Semi--circle
Number 1
Dimension i Widﬁh 3.00
| m Height 3.00
Length m 425.00
Dam _
TYpe Rockfill With.ceﬁféf
' core - |
Crest elevation m : 1,365.00
Crest length m 583.00
Crest width m 10.00
Dam height m 95.00
Dam volume m’ 5;350,000
Spillway
Design flood discharge n’/sec 400
Spillway capacity m’/sec 400
Type Free overflow typé.
Crest elevation o 1,360.00 .
Crest length I | 100
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ITtem Uni# ‘Degcription
intake
Type Inclined type made of
reinforced concrete
- Number 1
Maximum discharge m/sec 25.7
Inlet level | m 1,320.00
Dimension - Wwidth  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
Maximﬁm discharge n/sec 25.7 .
Diameter; m 3.30 =~ 1.85
Length mn 510.24
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Item Unit Description
Powerhouse
Type Semi—ﬁnderground of
reinforced concrete
Dimension m Width 20}00'
m Length 22.50
m Height 35.06
Turbine center level m 1,135.00
Installed capacity MW 47
Tajlrace Tunnel
Type Hoxrseshoe
- Maximum discharge m’/sec 25,7
Diameter m 4.00
Length m 641.00
Tailrace Qutlet
Type Box culvert madejbf
reinforced concrete
 Maximum discharge mw/sec 25.7
Dimension n Wwidth  4.00
- Length 10.00
m Height - 7.50
Outlet level m 1,135.35
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Ttem Unit Degcription
Turbine
Type Vertical Shaft Francis
Turbine
Number of unit 1
Rated effective head m 214.50
Water discharge m’/sec 25.7
Rated output .MW 48
Revolving speed rpm 429
Generator
Type 3-phase, AC,
syﬁchronoué generator
Number of unit 1
Capacity MVA 53 (with 0.2 lagging
power factor)
RevélvingISPéed rpm 429'
Fregquency Hz 50
Voltage kv 11.0
Main Transformer
Type Outdoor, single—phasé
_ _ _ transformer .
.Number of units 4 (including 1 spare
o - transformer)
Capaﬁity MVA 53 -
Voltage ékv 11.0
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Item Unit Description
Switchyard
Bus type Single bus
Bus Aluminum cable
Number of lines 2 circuits
Voltage kv 220
Conductor type ACSR, 400 mm’
Annual Energy Production
fotal Energy GwWh 275.1
Firm Enexgy GWh - 335.7
Construction Period years 4.5
Project Cost 10° US$ 261,000
Unit Construction Cost at USS$/kWh 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° Uss 9,221.46"
Benefit Cost Ratio (B/C) 1,07
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Summary of Lower Kihansi Hydroelectiic Power Development Project

ITtem Unit Description
Location Kihansi River
Catchment Area km® 590
Annual fnflow 10° n® 500.48
Design ¥lood '/ sec 400
Regulatihg.Réservbir
Normal High Water Level m 1,140
Low Water Level m 1,137
Available Drawdown m 3
Sedimentétion Level m 1;125
Gross Sfbrage Capacity iOsnf 1.39
Effecﬁive Storage Capacity | 10° m® 0.48
Reservbir Area kmz 0.19
Diversion
‘Design floed dischaxrge m/sec 80
Type Box culvert inside the
| dam
Number m 1
" Dimension m Wwidth 3.00
m Height 4.00
Invert level 1,115.00
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Item. Unit Description
Dam
Type Concrete gravity
Crest elevation I 1,143.00
Crest length m 177.00
Crest width m 5.0d
Dam height m 35,00
Dam volume m’ - 54,000
Spillway
Design flood discharge ' /sec 460
Spillway capacity n/sec 160
Type Free ovexflpw type
Crest elevation m 1,140.00
Crest length m 13.00 x 4 spans
= 52.00
Sand Flﬁshing _
Capacity m/sec 240
Type | Controlled type with
gate:inside the dam
Dimension m Width 4,00
o Height 4.040
Invert level " | 1,123;00
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Item

Unit

Description .

Intake

Type

Numbexr
Maximum discharge
Inlet level

Dimension

Headrace Tunnel
Number
Maximum discharge
Didameter

Length

Penstock

Number
Maximum discharge
Diameter'

Length'

3
m/sec

3
m /sec

3
m/sec

3
m/sec

Vertical type made of

reinforced concrete
1
22.2
1,125.00
Width 6.00

Height 25.50

1
22.2
3.00

1,258.69

Main 1
Branches 3
- Main 22.2

Branches 7.4

Main 3.00 ~ 2.
Braﬁches 1.80 ~ 0.
Main 2,858.
Brancheg No.l1 80.
No.2 82.
No.3 64.

20
50
31
00
05
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Il.em Unit Description
Powerhouse
Pype 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 beseShoe
Brancheé Semircifcle
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
S m Branches 0 35.00 x
3 units = 105.00
Tailrace Outlet |
Type. Open channel made of
reinforced concreté
Maximum discharge nﬁ/sec .22.2.-
Dimension m width ~7.00 . 15,00
m Length 47.00
m Height  9.70
Outlet level m 293._.070
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Item 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
Generatox
Type 3-phase, AC,
synchronous generator
Numbér of units 3
Capacity MVA 57 (wiﬁh 0.9 lagging
power factor)
Revolving speed rpm 750
Freﬁuency Hz 50
Voltager. kv 11.0
Main_Transforﬁer
Type Outdoor,lsingle-phase
| transformer
Numbexr of units 10 (including 1 spare
traﬁsformer)
-Capabity MVA 19
-.Voltége kv 11.0
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Ttem Unit Description

Switchyaxd

Bus type Double bus

Bus Aluminum cable

Number of lines 2 ¢ircuits

voltage kv 220

Conductor type AAC - 400 nm’
Transmisison Lines

‘Number of circuits 9

Voltage kv 220

Conductor type ACSR 380 e’

Section Lower switchyard to

Iringa Substation

Length km 113 '
Annual Energy Production

Total Enerqgy GWh 868.9.

Firm Enerqgy GWh 551.0
Construction Period years 3.5
Project Cost 10° USS 206,000
Unit Construction Cost at USS/kWh '0;37

Sending End
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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 (RB/C) - 2.32
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