Headrace receiving end ..... headrace tunnel and
‘steel lining section

Penstock receiving end ..... upper penstock tunnel
and steel penstock

Powerhouse receiving end ... lower penstock tunnel,
powerhouse, and
tailrace tunnel

Other ...ieivicnincnneens . aggregate plant

11.1.2  Construction Program and Construction Schedule

starts of operation in this Project, as stated in
Chapter 5, "Load Forecast and Electric Power Development
Scheme", are to be in:1996 for the Lower‘Kihansi Project
and in 1999 for the Upper Kihansi Project.

"The general schedule required for these starts  of

operation is shown in Fig. 11-3.

item 1990{19911199211553]195941995|1906 1997|1958 1999] 2000 . tote- -

Feasibility Study -1--1

F—1: Lower
. K?K_ansi

Definite Study and { : .

Ten&er Bocument {-{---- : : 1---11 fi‘%ﬁﬁ}]si
£ inance —] | 1 '
Preparation Horks : —-—.

Lonstruction i

]_ RS JUURI DRVREDNY SOy,

Fig. 11-3 Schedule of KIHANS! Project
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The quantities of the major civil works in this Project
are as given in Tables 11-1 and 11-2, The principal
facilities oxpected to be required at the peak of
construction are listed in Table 11-3.

The construction periods in this Project,; as a result of
studies taking into consideration construction scales
and layouts of structures, is estimated 4.5 years for

‘the Upper Xihansi Project, and 3.5 years for the Tower

- Kihansi. Project, both for main construction work not

including preparatory works. The layout plans for
temporary facilities and construction schedules fox

‘construction are shown in Figs. 11-4 through 11-6.
Upper Kihansi Prdject
'i) Preparatory Works

It 'is possible for - facilities such as living
Quarters,_ offices, aggrégate plant,; and concrete
plant of the Lower Kihansi Project to be utilized
for ‘the Upper Kihansi Project works.. Preparatory
works for the Upper Kihansi Prdjéct are access'roads
and  electric power facilities for construction.
These works are planned to be started from January
1995, the firét vear of the Project, and to be

completed in 6 months. ' '

ii) Diversion Tunnel

.}Diversion-tuﬁnels are to consist of a sub-diversion
tunnel for the tributary and a main diversion tunnel

for the main river.

1o~ 11



Table 11-1 Principal Civil Works

"~ {Upper Kihansi)

Item Description Civil Works

Sub Diversion Tunnel | D= 2.0m Tunnel -Ex. = 1,200 m3
L= 300m Con. = 100 m’®

Main Diversiom Tunnel] D = 3.0 m Turmel Ex, = 5,200 mw
L= 425m Lining Con, = 2,100 m

Goffer Dam Embankment = 57,000 m®
Dam H= 95.0m Excavation = 895,000 m’
L = 583.0 m Embankment = 5,348,000 m’

Spillway B= 10.0 m "Excavation = 524,000 m
Concrete = 100,000 m’

Intake B=  6.0m Excavation = 109,000 m®
H= 50.0m Concrete = 15,000 m®

Headrace Tunnel D = 3.3 m . Tunnel Ex. = 10,000 m’
: L= 653m Lining Con.= 4,200 m°

- Penstock D=3.3m- 1.85 m | Excavation = 62,000 m’
L =510.2m Concrete = 6,300 m®

: B = 20:0m L ‘ _

Powerhouse L= 22.5m Excavation = 73,000 m’
H= 35.0m Concrete = 16,000 m* -

Tailrace Tunnel D= 4.0m Tunnel Ex. = 14,300 m’
L= 641m Lining Con.= 5,800 m’

Outlet B = 10 m Excavation = 49,000 m?
Switchyard Excavation = 300 m®
Concrete = 100 m’
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Table 11-2 Principal Civil Works

(Lower Kihansi)

Ttem Description Civil Works
Coffer Dam Embankment = 9,000 m?
Dam H= 35.0m . Excavation = 121,000 m’
L = 177,0 m Embankment = 54,500 m?
Intake B= 6.0m Excavation = 18,000 m°
H= 23.0m Concrete = 3,900 m’
Headrace Tunnel D = 3.0 m Tunnel Ex. = 14,500 m®
' I, =1,258.7 m Lining Con.= 4,700 o’
Penstock D=3.0m- 0.9 m Excavation = 34,100 m;
: L= 2,936.3 m Lining Con.~ © 19,700 m
B = 25.5m - ' -
Powerhouse L= 59.0m " Excavation = - 162,000 m
- H= 34.6m Concrete = 20,900 m’
Tailrace Tunnel D= 3.5m Tunnel Ex. = 9,500 m}
- I = 580.0 m Lining Con.= 3,700 o’
Qutlet - B=4.0m+- 10.0m Excavation = 6,300 m
' ' . Concrete = 1,100 m?
Switchyard Excavation = 400 m’
: . Goncrete = 500 m’
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(1)

_Table 11-3 Principal Machinery

Upper Kihansi

(ii)

Machinery Specification Unit
Concrete Plant Drum Mixer
. . . 1
(Spillway, Powerhouse) 0.75 m° x 2
- Apgregate Plant 200 t/H 1
Lower Kihansi
Machinery . Sﬁecification Unit
Tower Crane )
200 ™ 1
. {Dam)
Concrete Plant Drum Mixer
1
(Dam, Headrace Tunnel) 0.75 m® x 2
Concrete Plant Turbine Miker
. 1
{(Penstock, Powerhouse) 1.0m x 1
Aggregate Plant 200 t/H 1
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Fig. 11-8 Construction Schedule (Upper Kihansi)
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Fig. 11-6  Construction Schedule (Lower Kihansi)
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The sub-diversion tunnel is of excatatiqn diameter of
2.2 m and total length of 300 m, with the work to be
started from July of 1995, the first year, and there is
no problem if it is completed by October of the second

vear.

: The~1nain diversion tunnel is ‘of excavation diameter
3.6 .m and total length of 425 m, with the downstream
outlet planned to be diverted for use as the chute of
the spillway. . Therefore, excavation. of the tunnel

_poition-'is to  be started . after completing open
eﬁcavation of the spillway chute portion. The open
excavation requires a period of 4 months from July to
Octébér.'of- 1995, the first year, while the tunnel
excavation is scheduled from November to Maréh of the

 f0llowing year.

.C0n¢rete work is to be started on the chute portion from
March: of 1996, the second year, fbr_completion in 8
months, and on the tunnel portion from April of the same
year for completion' in 6 months in September.

.. The dintake orifice portion of the bottom outlet is to
have excavation and concrete work.completed during the
same period as the main diversion tunnel, while only

.excavation is to be coﬁpleted for the plug section.
iii)':Cofferdamming

It is planned for the cofferdam works of the two
'.1ocatiohs of mainstream and tributary to be
‘bompléted_in-a period of 3 months by QOctober of
 1995} fthef_secbnd year, when the  sub and main

diversion tunnels are completed.

ll_—.21



iv)

Dan

Dam excavation “can be broadly divided into the
right-bank side, the river-bed portion and the left-
bank side. Work at the right-bank portion is to be
started simultaneously with work on the'spillway
from October of 1996. The second year, when the

- diversion  tunnel is ~almost completed, - with

excavation done toward the river bed.: Since the
diversion tunnel is completed at the end of the.

second year, the'maihstream is to ke diverted, and
the left-bank side ‘and the river bed are to be
excavated in sequence from the'third yeér,_and dam

. excavation is to be completed at the end of the

third yeaxr.

Foundation treatment work consists of curtain
grouting and consolidation grouting. :The'féundation
treatment work is to be done from the middle of
1997, the third year, when dam excavation of the

vicinity of the river bed is partly completed, prior

to embankment of the dam. The “work is to be
performed upward from the river bed on both banks.at
the same time and be completed in May of 1999, the
fifth year. |

The concrete . work which corresponds to the
connection between the dam: and spillway is to be
completed by the end of the third year which is
before the start of embankment of the dam. |

In embankment of the dam, the core, filter, and rock

zones are. to be started at the same. time. Starting
is to be atrthe'beginning'ofithé £ourtﬁ year,'with'
embankment done in order, it béing plannéd for all
of the dam work to be completed ‘in August 1999,
which is the twentieth month. ' - S
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vi)

Spillway

Spillway work. can be divided into chute work and
horizontal . section work . including the inlet
structure. The work on the chute section, as stated
in the subsection on diversion tunnelS,}is to be
gtarted in July of the £first wvear and to be
completed  in September of the second year; this
chute being planned to be used as a part of the

river diversion facility.

Excavation of the horizontal section is to be
Stérted from October of the second vear along with
dam excavation and to be completed 6 months later in
April of the third year. Concrete work is planned
to be started from. March of the third year, when a
part of the excavation has been completed, and to be
completed in August of 1999, the fifth year, the
Same as completion of the dam embankment.

Intake

For the intake work, it is planned for excavation of
ihe intake to be c¢ompleted by the time headrace
tunnel éxcavation is completed; Starting of
excavation is to be in July of'1997, the third year,

. and completion is to be 6 months later at the end of

the same vyear. Concrete  work is to be started
immediately after completion of excavation and is to
be completéd iji'August 1998. Installation of a
trashrack and gate is started partly overlapping

-coﬁqrete work,; and this work is completed at the end

of the fourth year when all of the intake work is
completed.
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viii)

Headrace Tunnel

‘*he headrace tunnel is of a length of 620 m and
excavation diameter 4.1 m excluding 140 m of the
penstock tunnel from the total tunnel. length of
760 m. . The work is to start with excavation from
the downstream side including the penstock, and the
inclined shaft portion in the vicinity of the intake
is planned to be excavated from the downstream side
after completing excavation of the tunnel,
Excavation is to be done by full-face cutting,
starting from May of 1997, the third yeaf, with
breakthrough by the end of the same year. Lining
concrete at the inclined shaft part is to be placed
from the intake and worklng ‘upward from the bottom.
The horizontal section is to be placed using steel
forms of inside diameter 3.3 m starting from the
intake side and going toward the penstock side. The
concrete work is to be completed in July of 1998,

the fourth year.
Penstock

The penstock work can be divided into a tunnel
portion, .surface inclined portion, and powerhouse
connection portion. Excavation - of the tunnel
portion is of a total length of 140 m and is to be
performed simultaneously with the headrace tunnel.

The steel penstock pipe is to be of lnSlde dlameLer

©0f 3.3 m and installation is to start from August of

1998, the fourth year when llnlng concrete of the

"headrace tunnel is to be completed and is scheduled

to be completed in 6 months.

The surface lncllned portlon has a steel penstock.
diameter from 3. 3 to 2 5m and : a 1ength of
approximately 270 m with excavation started from
October of the third year, and down to the finished
level of the powerhduse at EL. 1,163 m is to be
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ix)

completed in 3 months. In succession to this,
excavation df.the powerhouse connection portion is
to be performed at the same time as excavation for
the powerhouse, and completion of all excavation for
the penstock is to be in March of the fourth year.

Concrete placement - is to be started from the
powérhouse_side at the same time as the penstock
work, and it is planned for all work on the penstock

__to'be completed in August of 1999, the final year.

Powerhouse

.The "powerhouse work consists of the powerhouse

 proper, draft gate chamber, and embankment work for

the outdoor switchyard.

'Excavatioh is to be started simultaneously with the-

penstock excavation of October of the third year,
and is to be completed in 8 months. in May of the
fourth year.

Bfter completion of excavation, sidewall concrete
and foundation  concrete are to be placed

-immédiqﬁely, and embankment is to be performed from

places. where 'cdncfete has reached the required
stréngth,”and embankment work is to be completed.
Subsequently, - installation of electromechanical

equipment, placement of concrete around equipment,

and aréhitédtural-WOrk are to be performed, and it

is planned for all work to be completed by October

of the fifth year when test operation is to be

started.
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xi)

#ii)

Tailrace Tunnel and Outlet

The ~ tailrace tunnel is to have an excavation
diameter of 5.0 m and total length of 641 m, with

‘excavation done toward the powerhouse from the:

tailrace outlet. Tunnel excavation is to be done by
a full-face cutting method starting from May of the.
fourth year and to be completed in October of the
same year. Lining concrete’ placement is to be
started uéiné steel forms immediately aftex
completing excavation and is planned to be completed
in May of the fifth year. '

The tailrace outlet work is to be performed along
with the tailrace tunnel work. From the cutlet to
approximately 500 m downstream, river-bed excavation

"is to be carried out to lower=the watEr level, and

thlS excavation is to be done SLmultaneously with
excavation for the tailrace, and the work is planned
to be completed in August of the fifth year,

Turbine and Generator

Work for the turbine and generator is to be
performed parallel to . concrete plaéement in civil
works, and it is planned for 1nstallat10n work to he
completed in 14 months from August of the fourth
year. Dry tests and wet tests are_to be - gompleted
in 3 months from October of- 1999,'tﬁe'fifth'year,
and the plan is for commercial operatlon to be
started at the end of December in 1999

Transmission Line and'CommuhicatiOn”Lines
It is planned for all work on the transm1351on ‘line

and communlcatlong lines to be completed by the. tlme
of starting tests on the turbine and generator.
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xiii)

Plugging of Diversion Tunnels and Water Impoundment

It is necessary for impounding of .water in - the
reservoir to be done while operating Lower Kihansi

 Power Station. The time required for water storage

is estimated approximately 6 months to 10 months in

an ordinary water discharge year.

Installation of bottom outlet facilities in the main
diversion tunnel is to be started in October of the
fourth year while discharging the whole quantity and
is to be completed in 3 months. - Subsequently,
plugging work on the main diversion tunnel is to be
carried out while adjusting the discharge qﬁantity,
and it is planned for all work to be completed in
March of the fifth year, with water stored up to low
water level by November ‘in preparation for wet
tests.

(2) Lower Kihansi Project

>

1)

Preparatory Works

As preparatory works there are road works, electric
power facilities for construction, living quarters,
offices, etc., Of these, roads can be divided into

. permanent. roads to be uSed for maintenance and

administration after completion of the Project and
access :oads_for use in work on the headrace tunnel,
penstock, etc. The permanent roads, as shown in

Fig. 11-4, are a new road going from Lower Kihansi

-Powerhouse to Uhafiwa via Lower Kihansi Dam, Uppexr

Kihansi Powerhouse, and Upper Kihansi Dam of total

 7'length of 50'km and width of 5 m, and an improved

rdad - from Iriﬁga ‘to Uhafiwa of total length of
123 km and width of 5 m. The work on these roads is
to_be”started in January 1992, 1.5 years prior to

start of the main Project work, with the stretch

from ‘Lower Kihansi;Power Station to Upper Kihansi
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ii)

Power Station completed by June 1993 when the main
Project work is to be started. Subseguently, road
construction is to be performed in parallel with the
main construction, and the stretch from Iringa to
Upper Xihansi Power’® Station is planned to be
completed in June 1994.

Preparatory works necessary for the main Project

- such as access roads, electric power facilities for

construction, - living - quarters, etc. are to be
started from January 1992 prior to start of main -
construction work and to be completed in June of the

following year.
Cofferdamming

Dam construction is to be done first at the left
bank on the intake side. This is because the
diversion waterway inside the dam is to be provided
at the left-bank side; and because the finished
elevation of'eXCavation downstream of'the:dam'is to
be 1,110 m and diversion work will be easier.

Prior to work on the left  bank, the river-bed
release method is  to be adopted - by means. of
cofferdamming a part of the river bed to divert the
river flow to the right-bank side. - The Structurél
type of the cofferdam is to be earthfiii,'and it is
planned for work to be done from June of 1993, the
first year. ' |

Construction of the right-bank side ‘cofferdam is'to

be started from October of the second year when dam

concrete on the left-bank side is completed. This
cofferdam work is plahned S0 that-éipart of  da
proper on the left-bank side’ is. ‘utilized with
cofferdams bﬁilt‘ at the upstreaﬁr*énd.'dowﬁstream
ends. During construction on the right—baﬁk side,

diversion of the river is planned ‘t6 be achieved
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iii)

iv)

using the diversion waterway constructed inside the
dam body at the left-bank side.

Dam

For dam construction, as stated under cofferdamming,
excavation is done first together with the intake
portion on the left-bank side, with dam concrete
planned to be placed by tower crane after completion
of excavation. In the dam construction, excavation
is to be completed in approximately 4 months from
July of the first year, with placing of dam concrete
started from November of 1993, the first year, and

 completed in September of the following year. For

6 months Dbefore completion of dam concrete,

foundation treatment consisting of curtain grouting

work is to be performed along with the concrete

work.

-In . construction work on the right-bank portion,

excavation 'is to be started immediately after
compietion of work -on the left-bank side. - The
excavation is to be completed in January of 1995,
the third.year}'and for dam: concrete placement the

tower crane used for the left~bank portion is to be

transferred to the right-bank portion, and concrete
- placement and foundation treatment . are to be

completed within the same yeér. It is planned for
flushing gate <installation to be completed in 6

months from July of the third year.
Intake
- Since the intake is to be located adjacent to the

left-bank part .of the dam, excavation is to be
. performed. simultaneously with excavation for the

dam.;,lntake,concreté-can be divided into intake

'prope: concrete and tunnel connection concrete. The
intake  proper concrete. includes retaining. wall
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concrete and is placed during the same'period'as dam
concrete.  Tunnel connection concrete is planned to
be coﬁpleted in approximately 2 months from November
of the second year when excavation and lining
concrete of the headrace tunnel is completed.

Intake gate installation is to be completed in 6
months from July of the third year, the same as the
flushing gate of the dam.

Headrace Tunnel

The headrace tunnel consists of a horizontal tunnel
section at EL. 1,070 m and an inclinedehaft_in the
vicinity of the intake. The tunnel length is to be
1,190 m for the horizontal'poition and approximately
90 m for the inclined pbrtion. The inside diameter -
is to be 3.0 m for both with the cross section to be

circular. It is planned for steel lining to be
provided at a section of approximately 200 m of the
horizontal portion where the overburden i§ thin.
This tunnel -is planned to be constriicted, divided

- into approximately 660 m on the upstream side and

approximately 530 m ' on the downstream side by
providing a work adit approximately 200 m in length
at a point approximately 500 m downstream of the dam

axis.

Excavation of the work adit is to be done by a-full;
face cutting method starting from July'of the first
year with completion in 3 months, and immédiately
after completion, excavation of'thejhéadrééeﬂtunnel
is to be started. Excavation is Eo'be-started_at
the same timeifér both the upstream énd,downstréam

‘sides and to be completed in 9 months. For the .

inciined shaft, an Alimak raise climber is to be

- used.  Steel forms a;e_to:be'ﬁsed.for the lining

concrete and the inclined shaft portion is to be
completed in 4 months from July of the second year,
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vi)

while the horizontal portion, the upstream side
including the steel lining, requires a period of 9
months and is to be completed in March of 1995, the
third year. For the downstream side, concrete work
is to be started awaiting Completion of the upper-
stage excavation of the penstock and lining concrete
so that it is started from December of the third
year and completed in May of 1996, the fourth year.

The rock around the tunnel is loosened due to

-blasting, and thefefore, grouting is to be

performed. Grouting work is to be done séquentially
from parts where lining concrete has attained the
required strength.

?lﬁgging of the work adit is to be done in 2 months
from September of the foﬁrth year when lining
concrete and grouting work of theﬁheadrace tunnel is
completed, upon which all headrace tunnel work is

planned to have been completed.
Penstock

Penstock construction is to be divided into four

categories as shown in Table 11-4.

" Table 11-4 Detail of Penstock Tunnel

Item o . Length Diameter

Upper Inclined Shaft 646 m | 3.00m ~ 2.70 m
Upper Horizontal Tunnel { 1,082 m 2.70 m

| Lower Inclined Shaft | 423 m | 2.70m ~ 2.20 m
Lower Horizontal Tunnel | 786 m © 2.20m
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Work adits are arranged at two locations, the upper
stage work adit (EL. 600 m) and the lower stage work
adit (EL. 296 m). The upper stage work adit is to
be provided in the wvicinity of the intersection
between the upper horizontal tunnel and the lower
inclined shaft and is to be 500 m in length, 4 m in
width, and 4.5 m in height. This work adit is to be
made by full--face excavation from July of 1993, the
first year of the work and completion is to be 5
months later in November. ¥From December of the same
yvear, work on the upper horizontal tunnel is to be
" started by full-face excavation and is to be
completed in June of 13994, the second year, at an
average monthly advance rate of 125 m. The upper
inclined shaft is to be excavated by the full-face
cutting method using an Alimak raise climber, and it
is planned for completion in November of 1995, the
third year. ' '

Lining concrete of the upper inclined shaft is to be
placed us;ng steel forms, poured from the work adit
of the headrace tunnel and placed from the bottom
upward. The work is to be started from December of
the third year and to be completed in 7 months. The
lining concrete of the upper horizontal tunnel. is to
be placed using steel forms 51mllarly to. . the
inclined shaft and is to be done from the upper
inclined shaft toward the work adit. It is planned'
for the work to be completad in 11 months from

February of the third vear. |

The lower stage work adit is planned to be
constructed entering by anlinc]ined sheft from the
vicinity of the powerhouse reaching the lower
horizontal tunnel at a point approx1mately 300 m
from the powerhouse. This work adit is to Dbe
completed in 3 months from Julyeef 1993, the first
year of the work. Excavation is to be done by full-
face cutting method. The lower horizontal tunnel is
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to  be constructed by - full-face excavation
gimultanecusly for both the powerhouse side and the
lower inclined shaft side from the intersection with
the work adit. The period required is to be 3
months for the powerhouse side, while work toward
the lower inclined shaft is to be completed in 5
months in August of the second year, From
September, excavation of the lower inclined shaft is
to be started from the bottom with completion of
excavation in January of 1995, the third year.

Installation of steel penstock and placing of

backfill concrete are to be done in succession to
completion of excavation. ¥or the lower inclined
shaft, delivery, installation, and welding of steel
penstock  and placement of concrete are to be done
from the upper stage work adit, with completion to
be in-Jhne 1996 usihg_a:c0nstruction period of 18
months . . Delivery, 'installation,' and welding of
steel‘penstock and placement of concrete for the
lower horizontal tunnel are to be performed from the
lower stage work adit'and.aré to be completed in
September 1996, 19 months -later.

With regard to the bifurcation in the vicinity of
the powerhouse, it is planned for excavation from
. the powerhouse to be done after completion of
éxcavation- for the . powerhouse, ~upon which
installation and welding of the steel penstock and
' placement of concrete are to be done.

'Plugging ﬁprk-on the upper and  lower stage work
. adits is to be completed in 2 months from October of
.1996} the fourth year, when all work in the

,:installation of;steel'penstock pipe is completed.
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vii)

viii)

Powerhouse and Outdoor Switchyard

The powerhouse work consists of the - powerhouse
proper and embankment work for the outdoor

switchyard.

Excavation is to be started from January of 1994,
the second year, and open excavation is. to be
completed in 8 months. After completion of open

- excavation, tunnel excavation for the bifurcation of

the penstock and concrete work for foﬁnddtion and
sidewall are to be started. Tunnel eXCavation:for
the bifurcation is to be completed in 5 months, and
installation and welding of steel penstock and
concrete placement are to be completedjin 7 months.'
while concrete of the powerhouéé“is béing placed.
Regarding powerhouse concrete, the fdﬁndation'and
sidewall concrete - are to ~be completed in
approximately 10 months, and embankment work is to
be completed after carrying out £illing around the
powerhouse, but inside the powerhouse, concrete work
goes on until December of the third year paralleling
turbine and genefator installation. '

Architectural construction works such as offices,
and a control room are planned to be completed in 8
months from December of ‘the third year, thus
finishing all work at the powerhouse.

Tailrace Tunnel and Outlét

The tailrace tunnel is to have an inside diameter of
3.5 m and length of 580 m. Excavatiorn of—-this'
tunnel is to be performed by ful14face cﬁttihg
starting from the outlet and:'gbing"tdward the

- powerhouse. The excavation is to be ‘started from .

November of the second year and to be-cOmpletéd in'
June of 1995. Work on lining concrete is to be
started immediately,'ahd along with concrete of the
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ix)

x)

outlet, all of the tailrace tunnel and outlet work
is planmed to be completed in June of 1996, the
fourth year. '

Turbines and Generators

Installation of turbines and generators is to be

-started from June of 1995, the third year, when

civil works around the powerhouse such as sidewall
concpete‘are_completed, and installation of the No.
1 unit is to be completed in approximately 16

months. Subsequently, various tests are to be

conducted and commercial operation is to be started
at the end of December in 1996. The No. 2 and No.
3 units are to start commercial operation 7 months

. behind the No. 1 unit.

- Transmission Line and Communication Lines

With regard to the +transmission 1line and
communication lines, work on the former is to be
started from April of the third year in order to be
completed by'the start of. turbine and generator
tests. As for communication lines, it is planned
for work to start from March of the fourth year and
to be completed in September of 1996, the fourth
year, to be in time for the various tests to be

started from October of the same year.
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t1.2 Gonstruction Cost

The construction cost of this Project is estimdted based

on the assumption that design, construction methods,

materials and products possessing the technological level

that can be expected at the present stage is applied, and

taking into consideration geological conditions of the

proiject sites, regional conditions, project scale, etc,
The price level is taken to be June 1989, with the

"exchange rate between local and foreign currencies being
1 US$ = 140 Tsh. '

11.2.1 Basic tems

{l1) Items of Cost Estimation

The items of cost estimation are the following:

i)

ii)

Preparatory Works

Access road ..... Construction cost for new road of
approximately 50 km from Uhafiwa near‘Upper'Kihansi=
Power Station to the Lower Kihansi Power Station
site, and improvement cost of the existing road from
Iringa to Uhafiwa -

Camp facilities and powex supply*fbr‘constiuction
.+... Offices, living quarters,power'distribution
lines for construction, diesel generators and fuel
therefor ' '

Compensation cost ..... Compensation for the

inhabitants within water impoundment areas and
environmental mitigation ;
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1ii)

iv)

vi)

vii)

viii)

(2)

ix)

Civil Works
Care of river ..... Diversion tunnel and cofferdam
Dam ..... Dam proper,-foundation treatment, etc.

Waterway structures ..... Intake, headrace tunnel,

penstock, tailrace tunnel, tailrace outlet, etc,

Powerhouse and switchyard ..... Civil and

architectural.works

Hydraulic equipment ..... Gate, trashrack, steel

penstock, pipe, etc.

Electromechanical  equipment - ..... Turbine,
generator, main: transformer, auxiliary equipment,

-switchyard equipment, etc.

Transmission line '..... All costs related to

transmission line construction
Engineexring fee and administration cost .....
Planning, coordinating, administration, operation

costs related to construction

Contingency cost ..... Contingency expenses to deal

-with unforeseen changes in work guantities

Interest during construction ..... Interest during
the construction period.

Estimating Criteria

Civil Works Costs
The unit costs of civil works are calculated, first
making comparisons and studies of unit construction

costs in Tanzania in 1989, unit costs in existing
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and gimilar construction projects in Tanzania, and
unit construction costs at similar sites in Japan,
then analyiing in accordance with the work execution
procedures of various construction works, and last
taking into consideration labor costs, materials
costs, machinery costs, various expenses, etc. in

Panzania.
- Unit Labor and Matexrials Costs

The unit labor and materials costs in Tanzania are

given in Tables 11-5 and 11-6, respectively.
- Construction Machinery

All principal items of construction equipment such
as dump trucks, bulldozers,-laigeusiZed cranes for
concrete placement, * and  boring and grouting
~equipment are to be imported, and machinery costs

are to be calculated based on CIF costs at Dar Es

Salaam.
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Table 11-5 Labour Wages

Labour Type

Rate per Month (Tsh)

Senior foreman
Labburer

Carpenter

Electrician

Mechanic

Operator (Heavy equip.)
Operétof (Light eqdip.)

Bar benderx

4,000 - 6,000
2,000 - 3,000
2,500 - 4,000
2,500 - 4,000
2,500 - 4,000
4,000 - 6,000
4,000 - 6,000
2,500 - 4,000

. Welder 2,500 - 4,000
Pilumber - 2,500 - 4,000
Blacksmith 2,500 - 4,000
Driller 2,000 - 3,000
Groutman 2,500 - 4,000
Mason 2,500 - 4,000

Table 11-6 Material Cost
Material Unit | " Cost (Tsh)

'Cement.(Vulk) t 9,100
Dynamite kg 380
'Electric detonator pcs 95
Gasoline { 67
Diesel f 21
'Heavy:oil { 18
-Machine oil { 21

‘ :Reinfcfbemenﬁ,Bar_ t 50,000

 Timber 3 11,000
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id)

iii)

iv)

v)

Hydraulic Equipment

All hydraulic equipment such as gates and steel
penstock pipe are to be imported from abroad. This
cost is to include transportation c¢osts to the
installation sites and installation costs.

Electromechanical Equipment

Electromechanical equipment such as turbines,
generators, and transformers are all to be imported
from abroad. The transportafioﬁ " costs to the
powerhouse sites and installation costs axe to be
included in the costs of such.equipment.

Transmigsion Line Construction Cost

The unit price for transmission line construction is
to be based on the unit price furnished by TANESCO.
Engineering Fee and Administration Cost

The engine€ering fee and administration costs are to

comprise 7.5 percent of total construction cost of

preparatory works, civil works, hydraulic equipment,

electromechanical equipment, transmissgion.lines, and

compensation costs.
Compensation Cost

The compensation amounts such as Cbmpénsation for
inhabitants furnished by TANESCO are to be used.
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vii) Interest during Construction

Interest during construction is to be 8.5 percent

for foreign currency and 12 percent for local one.
viii) Import Duty

The import duties on materials needed +to be
imported, construction equipment, and
~electromechanical equipment such as turbines and

generators are to be made a uniform 20 percent.
ix) Contingency Cost -

Contingency costs are to be 15 percent of civil
works costs, and 10 percent of hydraulic equipment
and electromechanical equipment costs.

(3) Classification of Local and Foreign Currency
Requirements

i) - 'Civil Works Costs

Cement, steel materials such as reinforcement bars
and - structural steel, and explosives are to be
imported, and require foreign currency.

Machinery for ¢ivil works such as heavy dump trucks,
bulldozers, . and temporaty facilities such as
concrete plant,'aggrégate plant, cranes for concrete
‘placement, ét¢; ére_all to be imported, and the
| construction costs are to be calculated with foreign
currency. ’Speéiai equipment such as boring
'machines, grout;ﬁumPSE and compressors are to be
prOcuredzthroﬁgh imertétion,'and are to come under
fbreign_éurréncy;
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ii) Hydraulic Equipment

Hydraulic equipment is to be included under foreign
currency, but transportation costs in Tanzania and
installation costs are to be under local currency

regquirements.

iii) Electromechanical Equipment and Transmission Line
Principal electromechanical = equipment and
transmission line equipment and materials are to
come under foreign currency, and transportation
costs in Tanzania and installation costs under local
currency.

iv) Engineering Fee and Administration Cost

Local currency is to cover 20 percent, and foreign

currency 80 percent.
v) Compensation Cost

Although compensation costs are to be paid with
local currency, environmental mitigation cost is
assumed to be foreign currency. .

vi) Interest during Construction
Interest of 8.5 percent ig to be calculated for
foreign currencies and that of 12 percent for local
-ones, ;

11,2.2 Construction Cost

Construction cost is listed in-Table*11:7r'TabIé 11—8
(1) and Table 11-8 (2). R
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12.1.2

12.1.3

Chapter 12 EFFECTS ON ENVIRONMENT AND COMPENSATION
Outline of Project

The outline of the project is mentioned here for
identifying activities which might affect the environment
through'the establishment of the power station.

Location of Power Station

The planned power station site is located in Ithe
southwest part of Kilombero District of Morogoro Region
near the borderline of Iringa Region. The upper dam and
upper powerhouse are about 80 km south of Iringa City in
“the central and south part of the united Republic of
Tanzania, the lower dam is about 3 km south of their
location, éﬁd the -lower powerhouse is another 4 km south
of this place. The lower power station is Located about
20 km' away from Chita Statioh, the nearest station on
the Tazara Railway (Fig; 12-1).

" Qutiine of Power Station

The establishment of the power stations consist of the
upper power station: and the lower power station in a
tribﬁtary of Kilombero River named Kihansi River in the
'Rﬁfiji River System, and an area of 3.9 km’ is to be
submerged'by the impoundmént of the upper reservoir over
a part of Kihansi River and its tributary named Ruaha
River. The outline of main facilities related to power
stations are as follows in Table 12-1. '

Transmission Line -
A single—'condﬁctdr, two-circuit-transmission~line syétem
(220 kV), 113 km in length, is planned to be constructéd

from the lower powerhouse to the exiéting Iringa
Substation (Fig. 12-2).
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Fig. 12-1 Location of Planned Power Station Site
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Table 12-1 Main Facilities of Power Station

Name of Power Station
Ttems

Upper Kihansi
Power Station

Lower Kihansi
Power Station

Power Generation Method
Maximum Output

Maximum Discharge

Firm Discharge
Effective Head
Catchment/Area

Type of Dam

bam Height x Length
Dam Volume
Available-brawdown
ﬁigh ﬁnter Level

Low Water Level
Length of Imﬁoundment
A»erage Daily Inflow
Total Storage Capacity
Effective Storage Capacity
Surface Area

.Power Station

Switch Yard-

Dam and conduit type
47 MY
25.7 m*fs
11.8 m¥fs
214.5 m
583 km’

~ Rock-fill dam

95 m x 583 m
5,350 x 10° m’
_ 30 m
1,360 m
1,330 m
about 8.7 km
15.7 nﬁlday
94,90 x 10% wm®
75.10 x 10° m®
3.9 km?
Semi-underground

Outdoor

Dam and coﬁduit type
153 MW
22.2 m¥fs
11.8 m*/s
813.0m
590 km?

Concrete dam
{(Gravitational type)

35 mx 177 m
54 x 10° m®
Im
1,140 m
1,137 m
about 2.1 km .7
15.9 m’/day
1.39 x 10% n’
0.48 x 10° m®
0.3 km?
Semi—underground

Outdoor
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Fig. 12-2 Transmission Line Route
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12.2

12.2.1

Present State of Environment

The present state of the natural and social environment
was surveyed for estimating and evaluating the effects on
the environment through the establishment of the power

stations.

Protection of Nature

The protection of nature is regarded as an important
cultural and economic issue in the United Republic of
Tanzania, and the construction of the power stations
should  be carefully planned in consideration of the

protection of nature.

There are thirteen national parks in the United Republic
of Tanzania, covering an area of 102,658 km® or 11% of

- the national land. Sixteen places and fifty to sixty
places have been designated as game/wildlife reserves
with an area of 39,750 km’ (4%), and game controlled
areas with an area of 121,655 kﬂf-(lZ%), respectively in
addition to forest reserves with an area of 134;075 km’
(Pata-1). . .

(1) . National Park

All activities are prohibited in a national park
except animal and plant watching and photographing.
Nobody is allowed to enter the park without

permission and stay there exceeding the time limit.

Aﬁ_-prééént; therE- is no national park at the
- planned power station' site or in its vicinity.
part of the Uzungwa Mountains, which includes the

planned power;statibn'site on its Western'edge, is

planhed*td be designated as a national park in the
future, but the proposed park area is more than
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(2)

(3)

(4)

100 km away from the planned pdwer station site
(Fig. 12-3).

Consaervation Area

The c¢onservation area was established for the
proper use of natural resources and for the
protection  of the Masai‘s vested  rights,
Agriculture is prohibited, but  Masai activitiés
such as livestock grazing and residence are

allowed.

At present, the area near the borderline of Kenya
is designated as the Gorongoro Conservation Area.

Game/Wildlife Reserve

The game/wildlife reserve 'is designated for

‘controlling the use of natural resources for

future, apart from - protecting the animals and
plants. Iﬁ'principle, nobody is allowed to live
inside the reserve, Licensed professional hunting
is allowed only betWeen'Jﬁly and December. Even
forest resources in the game/wildlife reserve
cannot be used without permission. However, there
is no game/wildlife reserve at the pianned power

station site or in its vicinity.
Game Controlled Area

Hunting for all animals except specified animals
inside the game controlled area is allowed Iif
permitted, but there are varibus'réStfictions-On
hunting methods. ~Hunting is allowed for land
application such as fafming,- living, etc., and
protection of farm products. o R

Kibasira Swamp ddwﬁstream:from'the oﬁtlet of the
lower power station in the vicinity of the planned-
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(5)

power station site is designated as the Kilomberc
Game Controlled Area (Fig. 12-3j.

Forest Resgerve

The protection of a forest reserve aims at the

proper use of natural resources by avoiding the

unruly ~development of forests  through  the
collection of firewood and construction materials
and the slash~and-burn method of agriculture, and

at developing it properly as required.

The forest reserve is expected to secure various
effects such as water source development, soil
erosion prevéntion, climatic stability, animal
species protection, etc. The forest reserve
consists of two kinds of forests, namely,

productive forests and protective forests.

In the forest reserve, the private use of forests,
such as land possession, living, 'defdrestation,
farming, natural product acquisition, pasturage,
etc., is not allowed but the development of forests
for public interests like the construction of power

stations is allowed.

 The Uéungwa Scarp Forest Reserve is located at the

planned power station site on the left Slde of

Ruaha River (Fig. 12-4).

Of the gross area of the forest reserve with an

- area of about 300 kma an area of 2, 3 km’ or about
1% of the gross area ‘will be submerged by the
' 1mpoundment of the ‘upper dam.
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Fig. 12-3 Present State of Designated Areas for Protection of Nature
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Fig.' 12-4 Location of Uzungwa Scarp Forest Reserve
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12.2.2

Natural Scenery

The planned power station site is located about 80 km
gsouth of Iringa City. The upper dam is to be
constructed just under the confluence of Kihansi River
and its tributary named Ruaha River as a reservoir with
an area of 3.9 km® over both Kihansi ‘River and Ruaha

River.

The location of the recorded main spots of natural
scenery near the planned power station site are as shown
in Fig. 12-5. The representative sceneries near the
planned upper power station site and the Leserv01r are
as shown in Fig. 12-6 (1). The forest reserve is on the
left side of Ruaha River, and pburned/cultivated fields
and their unused fields in turn are on the right side of
Ruaha River and both sides of Kihansi River.

The lower dam is'planned 3 km downstream from the upper
dam, and almost all the places are burned/cultivated
fields and their unused fields in turn in this section
on both sides of Kihansi River as shown Fig. 12-6 (2).
This scenery continues to the Kihansi Falls about 4 km

dowvnstream from the lower dam.

The representative scenery along KihanSi River is the
Kihansi Falls with a 200 m head of water (Fig. “12 6
(2)). Nobody visits there since there is no road to the

Kihansi Falls surrounded with forests.

The lower power station is plénned to be constructed on
the edge of an upstream swamp at 300 m above sea level.
And in its v1c1n1ty is a savanna with luxurlant true.

grasses.

The area downstream from the outlet of the lower power .
station is a swamp studded with acacias (Fig. 12-6 (3)).
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Fig. 12-5 Photographic Spots of Naturat Scenery

LEGEND

Vicinity of Reservoir for

Upper Power Station

Vicinity of Upper Dam

Vicinity of Lower Dam

Vicinity of Kibansi Falls
Vicinity of Lower Power Station
Downstream of Lower Power Station

.| 9oe8e ©|







Fig. 12-6 (1) Photographs of Natural Scenery

1 Vicinity of Reservoir for Upper Kihansi Project

2 Vicinity of Upper Dam
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Fig. 12-6 (2) Photographs of Natural Scenery

3 Vicinity of Lower Dam

4 Vicinity of Kihansi Falls
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Fig. 12-6 (3) Photographs of Natural Scenery

5 Vicinity of Lower Powerhouse

6 Downstream of Lower Kihansi Project

12 - 19






12.2.3 Meteorology

The planned power station site is located in the
'southw_es_tern part of the United Republic of Tanzania
belonging te the tropical savanna metéorological
section. This meteoroclogical section is characteristic
of being cleéi'rlyr divided into the rainy season and the
dry season. The rainy season at the planned power
station site lasts from November to May, but it rains a
little bit even during the dry season. Therefore, it is
a relatively humid climate'.(Fig. 12-7).

The planned power station site is  located in the
rainiest part of the United Republic of Tanzania, and
the annual rainfall amounts even about 1,500 mm as shown
in Fig. 12-8 the Rainfall Distribution with 10%
Probability. Therefore, this area belongs to the humid
climate or sub-humid climate zone.
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Fig. 12-7 Seasonal Changes in Rainfall
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Fig. 12-8 Rainfall Distribution with 10% Probability
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12.2.4 Topography and Geoiogy

(1)

(2)

Topography

The planned power station site is located between
a plateau more than 1,000 m above sea level and low
land 1less than 500 m above sea level which

continues from the coast of the Indian Ocean.

The source of.Kihansi River originates in gently-
sloping hilly land 2,000 m to 1,500 m above sea
level reticulated with rivers. The area 1,500 m to’
1,100 m above sea level downstream from the.soﬁrce
of Kihansi River is gently~sloping near the summits
of mountains, and often very steep along rivers by
water'érOSion, The area 1,100 m to 300 m above sea
level downstream from there has a precipice 800 m
in height. This precipice continues northeast
along Kilombero Valley and is called Uzungwa SCafp.
There is low land less than 300 m above sea level
under the precipice, and it is a swamp which is

partly overflowed in the rainy season.

Geology

The Kihansi River Basin is located in the Usagaran
Orogenic Belt which bounds the southeast part of
the Tanzanian Shield spread widely to the west from
the central part of Tanzania. The geological
structure of the basin is characteristic':of
precipices, especially Uzungwa Scarp reaching‘even
800 m in height. |

The basement rocks making up the basin are.
Precambrian gneisses and granites. The most
predominant of these .gneisses, the quértzo-
feldspathic gneiss, can be seen in a'widé;rahge

‘£rom the vicinity of Kihansi River head down to the

Uzungwa Scarp. On the_other.hand, the . granites
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(3)

(4)

which «<onsist mostly of biotite granite are
gscantily seen around the source of Kihansi River in
the entire basin. Surface deposits are 'widely'
distributed in a swamp less than 300 m above sea
level, but river deposits axre sporadically
distributed along rivers higher than Uzungwa Scarp.

‘The surface soil in the vicinity of the planned

power station site consists of humus and lateritic
soil in the forest, and lateritic soil covering the

basement rocks in other areas (Fig. 12-9).
Mineral Resources

Around the planned power station site, no
collection of mineral resources is enforced except
materials for brick. No mineral veins have not
been recognized there, either.

Soil Erosion
Around the planned power station site, there is no

large scale devastated land nor prominently eroded
topographic land that may cause the outflow of

so0il, but the outflow of soil in burned/cultivated

fields and their unused fields continues %to occur

‘constantly in the rainy season.
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Fig. 12-9 Geological Map
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