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Chapter 10 FEASIBILITY DESIGN

10.1 General

The feasibility' designs of the main civil structure,
hydraulic eguipment, electromechanical equipment, and the
transmission - line ‘along with temporary structures are
discussed in this chapter. - Cofferdams and diversion
tunnels are included in the category of temporary
structures. Dam, spillway, intake, headrace tunnel,
penstock, powerhouse, switchyard, tailrace tunnel, outlet,
and their appurtenant gate'and electromechanical equipment

are included in main structures.

Regarding access roads to dam and powerhouse sites, they
are to be discussed in Chapter 11}.

10 - 1



10.2

i0.2.4

(1)

(2)

Pre-Feasibility Design of Upper Kitiansi Project

Dam and Appurtenant Structures

Location and Outline

The projected ‘dam site is located approximately 4.0 Kk
upstream from Kihansi Waterfalls (height approximately
200 m) which is situated on the downstream part of the

Kihansi River.

The topography in the vicinity of  the dam.site; as

described in Chapter 7, is that of a v-shaped valley

with continuations of steep slopes at parts. However,
there is no place upstream of this dam site where it ié_
possible to store the necessary volume of water, while
downstream of the dam site, the river gradient becomes

"~ suddenly stéep so that topographically there is no

suitable site for a dam, and this is the ‘only place
available. The river bed is at an elevation of around
1,270 m with the water width of the river about 20 to
30 m, and from the results of drilling investigations it
is estimated that the depth from the surface ground to
bedrock is about 20 m at the left bank and 50 m at- the
right bank. ' '

Selection of Dam Type

Various types are conceivable for . the dam, but in
general, a fill dam or a concrete dam can be'considered.
The principal factors in design of the dam includihg the
foundation are that the dam body is to be stable, the"
construction cost economical, and future maintenance and

irspection easy.
The three kinds below are conceivable for the dam type

considering the topography and geology of this site, and
economical comparison studies are made. ' '

10 - 2



(3)

i) Fill type dam (impervious center core type)

ii) Pill type dam (concrete facing type)
iii) Concrete dam (gravity type)

The results of the studies are as shown in Table 10-1
and Figs. 10-1 through 10-6.

As Table 10~1 shows, the rockfill dam with impervious
center core and the rockfill dam with concrete facing

are_supérior economically at the present stage.'

From the ‘standpoint of constructability, there are no
‘differences between any of the types as to superiority.
"Also, since differences among the three types are
inconceivable with regard to maintenance and inspection,
the rockfill dam with impervious center core is adopted.

" However, the geological investigation works done at this

dam site consist only of 3 drillholes, and from the
facts that it cannot be considered the condition of the
foundation has been adequately grasped, and. that a
thorbugh investigation has not been made of core
materials in_particular'among'fill materials, it will be
'necessary for comparison studies with a concrete facing
rockfill dam to be made in more detail upon carrying out
further investigations.

Determination of Dam Crest Elevation

For the dam crest_eiEvation the height adding freeboard

'to'the flood water level is to be adopted. The flood

water level ‘is the EL._1,361.88 m described under (4)
*Spillway’, while the freeboard is an amount taking into
aédduﬁt 'wihdj'aﬁd' earthquéke wave heights, etc.,
calculations: being performéd using thée equation below,.
pzbvided that the minimum freeboard is to be 3.00 m.

10 - 3
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h, + h, + h, + hy

st
H
v

where, H; = freeboard (m)

ii)

h, = wave height due to wind (m)
h, = wave height due to earthquake (m)
h, = water level rise due to unforeseen

accident in spillway'operation ()
h; = additional amount according to type

and importance of dam
wave Height due to Wind

Although there are various formulae avallable
regardlng the relatlons of w1nd speed and fetch with
wave height, the uprush height obtained by the.
combination of the S.M.B. method and Sav1lle s

method is used here.

‘Fetch - 700 m
Average wind speed

for 10 minutes 30 m/sec
Wave height 0.45 m

Wave Height due to Earthquake

With regard to earthquake wave height the formula of
Seiichi Sato which gives a comparatlvely large wave
height is used.

- KT voiio
h, 5 gHo

where, h,: Wave h91ght due to earthquake at the'
' front face of the dam
k : Horizontal seismic coeff1c1ent (~ 0.1)
T : Earthquake period (= 1 sec) _
H,! ReServoir water depth from normal water
level (=30 m)

10 - 18



4y

iii)
Spillway Operation
This is not added since there is no spillway gate
operation,
iv) Extra Height According to Dam Type and Importance
'Being a £ill dam, 1.00 m is additionally considered
for the sake of safety.
v) Calculation of Total Freeboard.
H; = 0.45 + 0.50 + 1.00
= 1.95 m |
vi) Determination of Freeboard
Since the minimum freeboard is greater than the
calculated value, 3.00 m is to be taken for this dam
site. '
vii) 'Elevation of Non-overflow Section
The elevation of the non-overflow section is to be
1,365.00 m, adding water level rise of 1.88 m during
- flood and freeboard of 3.00 m to the high water
‘level of 1,360.00 m.
Spillway

: Acceleration of gravity (= 9.8 m/sec’)

g
h, = qu'~~l---}—{"—~~l-x V3.8 X 90 = 0.50 m
2n -

Water Level Rise due to Unforseen Accident in

' The spillway is to be set at the right bank of the dam

taking into consideration to the topography, geology,

‘and the downstream direction of ‘river flow. The inlet

10 - 19



is to be located approximately 100 m upstream of the dam
axis, and the.configuration is to be a semi-circular
shape for a free overflow type. . This is to make it
possible for flood to be easily discharged with safety
making it unnecessary for gate operation. The design
flood discharge is taken to be the'400 m’/sec decided on
in Chapter 6. The free overflow quantity is calculated

according to the following:

i) Design Conditions

Design flood dischargé :400 m’/sec
Overflow crest elevation  :1,360.00 m
overflow crest length :100 m

Overflow crest configurationzstandard.overflOchrest

i1) Calculation Equation
o = cew’?
Cs = 2.200 - 0.0416 (H,/w)""

_ 1 + 2a (H/H)
1.80 7 (H/H,)

]
|

where, : Overflow discharge (nﬁ/sec)
Overflow crest length (= 100 m)
Overflow depth (m)

Cqst Overflow coefficient at H = H,

W : Dam height

a : Constant

Q
C : Overflow Coefflc1ent
B
H

iii) Calculation Results
The result of calculation is shbwn in Fig. 10-7 and
the water élevation at the time when design flood

discharge flows is 1,361.88 m.

as for the energy dlSSlpathn system of the
spillway, because of the topographlc condltlon that

10 ~ 20



(5) "

the river-bed gradient .around the end of the
spillway is approximately 1/3, there is a series of
rapids and both banks are steep cliffs, water is to
be cdonducted by chute as far as the tops of the
¢liffs from where it is to be dropped to the river
bed by ski jump.

The configuration of the spillway is shown in Fig.

101,
Fig. 10-7 Discharge Capacity of Splliway
1383 N ; I
3 | i | N
= i ; T L T ae T
g. L. 1 i O L o et e
| ¥ v T 4y e b et b 1P
2 L T T L I T O
3 T T T L e T
x o T el P - b : il B
Wi 1361 } ;/’tu/f: T i s B ;
' N ' RN |
A e I i
R N e | H
'3600 e - 200 0 ang 0 . - 800 700
Discharge Capacity (m¥sect
Cofferdams

A cofferdam is for prevention of. inflow of river water

'to'thé'wdrk~area while cbnstruéiing the dam and foxr

diverting river water into a diversion tunnel.

Coifé;démming .during .construction is to be at the

~ . upstream side only and a coffeﬁdam at the downstream

side is to be omitted since the river gradient on that

side is steep at 1/3 and there is no reverse flow into

the work area from below.

The :cofferdant_crest. eleVaﬁion is made 1,305.00 m at
which there is no overtopping even if there occurs 20-

10 -2



(6)

vear return period flood discharge of 90 m’/sec, the
diversion tunnel discharge capacity. The structural
form is made the same impervious center core rockfill as
the main dam with the uPstream face slope 1:2.0 and the
downstream face slope 1:1.8. Locations are arranged so
that the cofferdams are used as parts of the main dam,
and are at two places: the mainstream and a tributary.

Diversion Tunnels
i) Diversion Tunnel for Tributary

The sub-diversion tunnel for the tributary is of a
route for connection by the shortest distance giving
consideration to the locations of the cofferdams on
the mainstream and the tributary. Since the 20-year
return period'flood'discharge is smail'at 10 m’/sec,
the c¢ross sectlon is made the minimum possible to
construct, a helghf of 2.0 m and a width of 2.0 m
with the excavated tunnel surface protected with-

shotcrete.

ii)} Diversion Tunnel for Mainstream

With regard to the main diversion: tunnel on ‘the
mainstream, as shown in Fig. 10-1, a route.from
upstream of the cofferdam to the outlet'consfructed
at the part way of the spillway chute by way of the
inlet of the spillway is selected. Thls is because
the diversion tunnel would need to be ‘a diagonal
shaft and the length of the tuhﬁé1 a§proximatéiy
100 m longer because: of the steeanSSI of the
downstream river gradlent, 1f the outlet were to be

provided at the rlver bed.
This diversion tunnel is to be'iinedHWith'concrete-
throunghout its 1ength in order that it can be

transformed into a bottom cutlet for lowerlng the
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(7).

reservolr water level at a time of emergency at the
dam. The shape is of semi-circular top and
~rectangular bottom cross section of inside diameter
3.0 m and width 3.0 m, the design discharge capacity
of 90 ma/sec, the same 20-year return period flood as
for the tributary diversion tunnel. 'This diveréion
tunnel and the spillway chute section are to be
constructed simultaneously, and the river water is
to be diverted to it after they are completed.

‘Bottom Outlet

In the event an abnormal situation arises at the dam or
spillway and it becomes necessary to lower the reservoir
water level, ~the reservoir is to be emptied by

discharging water using a bottom outlet.

The amount. of discharge is adjusted by manipulating a

valve provided on the dam axis in the mainstream

diversion tunnel.

‘The inlet orifice structure of reinforced concrete is to

be in the vicinity of the diversion tunnel inlet, the

elevation coinciding with the reservoir sedimentation

level of 1,300.00 m.

The valve chamber is to be located at the downstream

side of the dam axis as shown in Fig. 10-8 and
connection to the ground surface is to be by a vertical

shaft having an elevator and a stairway.

Fig. 10-8 Detail of Qutiet Valve Chamber
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10.2.2 Waterway and Powerhouse

(1)

Study of Waterway Route

Waterway routes can be broadly divided into right-bank

proposals and left-bank proposals.

Topégraphically, there are no problems about a right-
bank proposal, but geologically, the top soil depth to
the foundation rock is assumed to be great. Locations
for the poﬁerhouse and switchyard are favarable from the
standpoihts of both topography and geology, and it is
possible for a semi-underground powerhouse and

switchyard to be provided.

With a left-bank proposal, the top soil depth to
foundation rock 1is comparatively small, but the.
topography is rugged and of complex relief and the
tunnel length becomes to be great. ' The powerhéuse is to
be arranged as an undérground type while the switchyard
is as an outdodr.type requiring a large volume of soil
excavation so that the construction cost is estimated to
be too high. - o

Table 10-2 gives a comparison of right- and left-bank
proposals, and as is clear from'this table a right-bank
proposal is superior, and so it is decided that the
waterway and powerhouse are to be provided at the right-

bank side.

For the right-bank chosen_according to the abovéHStudy,'
a comparison is made whether to make the powerhouse a
semi-underground . type or an ,undergrOund' type, the
results of which are given in_Table'IQ—Z,_and'a semi-
underground type'is_adOPted for the reasons given below.

10 - 24
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(2}

1) The construction cost is 10 percent cheaper for a
semi-~underground type and, therefore, it is more

economical.

ii) wWith an underground type the transformer room has to
be provided adjacent to the powerhouse and a high-
voltage cable is to be needed to the outdoor

switchyard.

iii) Since geological investigation work has not been

adequately carried out, there is a possibility a
problem will arise concerning the stability of the
cavern for the underground: powerhouse.

iv) Compared with an_undergrdund type, it is easier to
execute works for a semi-underground type.

‘The semi-underground and underground powerhouse.
proposals for the right bank are shown in Figs. 10-9
through 10-12.

Intake

The intake is to be provided at a point where the
mainstream bends from south to east, approxmmately 500 bl
west from the spillway. This site is selected for the

reasons below.

i) The conditions concerning tbpography.and geoiogy'
with regard to providing the intake are the same -
within approximately 1 km upstream from the dam and

spillway.

ii) The rlght bank downstream of the dam has a gully
cuttlng deeply into its side and it is necessary for
the headrace tunnelrto detour around.thls gull_yP

iii) The intake site is to be selected so that the

distance from the_intake_to_therpqwe;house_becdmes

10 - 26
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(3)

a minimum while taking into consideration safety and

economy of structures.

The tdpography'and geology of the intake site are as
described'in Chaptexr 7. The intake structure is made an
inclined type supported by the whole ground avoiding a
special type of structure Such-as.a towér type for the
reasons that the top soil depth to foundation rock is
great,'that gfound surface gradient is gentle at 22 to
25 deq, and that the geological conditions for
supporting the structure ate not cleaxrly known in this

stage.

The intake orifice elevation is decided at EL.

1,320.00 m giving consideration to the facts that the

sedimentation Llevel of the reservoir is about EL.

1,300,000 m, and‘that ample intake capacity is taken even

‘at low water level of the reservoir of EL. 1,330.00 m.
The top of the intake is made EL. 1,370.00 m since an

inclined type intake is designed and in order to secure
the intake gate resting chamber above high water level.

Headrace Tunnel .

The headrace tunnel -is to be of total length 653.00 m
for safely and economically conducting water from the

: intake_to the-powerhouse as mentioned in (2) ’Intake’,
and the internal and external pressure is designed to be

born by the concrete linihg. The surface section from
a'.partf of the tunnel to the powerhouse is to be a
penstock whose steel can bear the entire pressure.

‘The median .élevatioh of the,'headrace‘ tunnel of EL.

1,300.00 m is_selected'aé-a height at which negative
pressure is not to be produced in préssure variation
inside the tunnel at low'water'level of the resexvoir

'and it is pDSSlble for the maximum internal pressure to
'be borne by relnforced concrete.

10 - 35
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The diameter of the tunnel is designéd an inside
diameter of 3.30 m for average flow velocity to be
3.00 m/sec so that supply of water ils facilitated under

- pressure variations in view of the fact that a suxge

tank-is omitted.
Omission of Surge Tank

A surge tank is normally provided at the junction
between headrace tunnel and penstock for the reasons

given below,.

i) The headrace tunnel from the reservoir is a pressure
tunnel, and the length of the tumnel is fairly long.

ii) An extraordinary rise in pressure occurs in the
pressure tunnel due to water hammer action in case
the turbine is suddenly stopped. The surge tank

reduces this pressure rise.

iii) Water flow in accordance with increases and

decreases of load on the power station is supplied

or absorbed.

However, for the Upper Kihansi Project, a surge tank is

"not included in the water way as a result of various

studies. The cases with and without a surge tank are

compared in Table 10-3.

In order to omit a surge tank it is necessary to have an
alternative appurtenant facility. The pressure control
valve and relief valve are provided as the appurtenant

facilities shown in Fig. 10-13.
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Fig. 10-13 Detail of Pressure Control Relief Valve

Relief Valve’

Steel Penstock

~
N
. N
——
Pressur; '
. Controt
: Vaive - Draft Tube
~Casing T 7
= 4
O . P
A —AY
\ R -

The reasons for omitting thersurgé tank are as follows:

i)

ii)

iii)

iv)

-

The iength'of the heédrace tunnel is to be 653.00 m,
which is not exceedingly long. '

Even in case a surge tank were to be provided it
would suffice for the cross-séctidnal area of the
vertical shaft necessary for stability of the water
surface to be a minimum. At this site it would be
permissible for the inside diameter to be 3.30 m,
the same as for the headrace tunnel. '

There are double safety devices in the vicinity of’
the turbine and it is amply possible to deal with an |

emergency.

The economics is improved by omitting the surge
tank. ' '
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The method of controlling the turbine is as follows:

i) In normal operation, the pressure control valve
operates'interacting with the guide vanes of the
turbine, so that extraordinary,pressure and water
level fluctuation in the headrace tunnnel and
penstock do not occur,

- ii) The pressure control valve is to start to close 0.05

sec later than the 0.25 sec which is the lag time
-for sudden closing of guide vanes to start, while
the closing time is taken to be 6.0 sec for both.

iii) In the event the pressure control valve does not act

interaéting with the guide vanes, it is possible for
guide vanes to change'the closing from 6.0 sec to
200 sec. '

iv) In‘the_event it becoﬁes-impossible for controlling
to be done electrically and . mechanicélly and
pressure rises abnormally in the penstock, the
pressure relief valve is to open and  relieve

pressure.
‘Penstock

As shown in Figs. 10-9 and 10-10, a section of 140 m of
the péhstopk, is to be a horizontal tunnel and the
remainder is to be supported on the surface by anchor
bldcks.and'saddlés, with connection to the powerhouse

made at a gradient of approximately 34 deg.

.Thé tbpographicalaandIgeOIOgical conditions of this site
are as described in Chapter 7, and there are no

noticeable problematic points which pose serious

obstacles to structures.

“The entire water pressure at the penstock~is to be borne

by the penstock pipe, the pressure'and the thickness of

10 - 30
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the steel pipe being as shown in Fig. 10-14. The désign
conditions for the penstock are as given below.

i} the static pressure ‘is to be the whole head
corxresponding to the difference in elevation between
the reservoir high water level and the median

elevation of the penstock.

ii) Water-hammer préssure is considered as 15 m on the
turbine center, which is approximately 7 percent
adding an allowance to the pressure calculated using'
the 0.05 sec, the time differential in activation of
guide vanes and pressure' control valve. It is
assumed to be lineaxr variation proportional to the.
penstock length with the pressure to be zero at the

reservoir.

iii) ‘Yhe entire length of the tunnel portion and part of

the surface portion is to be made the minimum shell

thickness.
Powerhouse and Switchyard

The powerhouse and the switchyard are to be located at
a table on the right-bank side approximately 0.6 km
downstream from the dam site as shown in Figs. 10-9 and
10"10 *

The topography and geology of this site-are'asfdeécribed
in Chapter 7. Tongraﬁhically, it is a flat area from
EL. 1,160.00 m to EL. 1,170.00.m, and this area
presently consists of cultivated fields or waste land.
Géologically, the area is covered with'deposité’from:the
ground surface to a depth of about 10 mfﬁwhile‘deépér
than this is foundation rock, which is thought to pose

no problem,

The powerhouse is to be a. semi—undergrohnd'”typé as
decided under the subsection (1) 'Study of Waterway

10 - 4O
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Route', with one unit of turbine and generator, the
dimensions required at the generator hall being a width
of 14.00 m and a length of 19.00 m.

The turbine center is. to be at EL. 1,135.00m
considering the'necessary suction head from the outlet
water level. The generator hall and the erection bay
are determined based on the turbine cénter -and are
respectively to be at EL. 1,140.00 m and EL. 1,149.50 m.
The finished ground elevation around the powerhouse is
made EL. 1,163{60 m in view of the topography. This is
decided on as the height of the river bed is at around
EL. 1,155.00 m,'and based on safety and ecoﬁomy at time
of flood, ' '

Because of height differences between the . ground
elevation around the pbwerhduée and the generator hall
or erection bay being approximately 15 to 20 m making it
‘necessary Lo go deeper than the surrounding river bed to
directly haul in materials and equipment so that the
access road becomes longer, and making it-necessary for
precautlonary measures to be . taken against floods, the
structure is designed for an unloadlng crane to be

"installed separately at the ground surface.

‘The total depth of ekéavation for the powerhouse is
35.00 m and mix-ups occur between this work and work on
the penstock, tailrace tunnel and draft gate chémbér
‘during construction, but considering the geolOgicél
conditions and work execution conditions it is thought.
there is not any possibility of collapse of the natural

ground occurrlng

The switchyard is to be provided at a locatibn'alongSide
the powerhouse to make the distance to ‘the main
transformer a minimum and at the same time rendering
future maintenance - and 1nspectlon easy.‘=_ The area
required is to have a width of 80 m and length of 130 m'
including the powerhouse and draft gate chamber. '
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Tailrace Tunnel

The tailrace tunnel is a facility provided to
effectively  utilize the  height difference  of
approximately: 15 m from the river-bed elevation of

approximately_l,ISS.OO m at the powerhouse site to the

Lower Kihansi regulating reservoir water level, the

‘route and configuration of which are as shown in Figs.

13~-9 and 10-10,

Methods of utilizihg this + height difference of

" approximately 15 m to the Lower Kihansi regulating

reservoir water level are i) a proposal for the entire

- length made to be a tunnel, ii) a proposal for a part to
~be a tunnel and a part the present river bed excavated

in the open, and iii) a proposal for the entire length
to be the present river bed excavated in the open.

Comparisons of these three proposals are made in Table

- 10-4.

As the table shows, -the proposal of ii) is adopted.

This proposal is for approximately 650 m from the

_ powerhouse to be excavated as a tunnel and the remaining

500 m the present river bed excavated in'the open. The
feature of +this proposal is that it is the most

'economical, maintenance and inspection at time of flood
after completion will be easy, and that there are few

problems from the standpoint of work execution.

'Calcplation of the discharge capacity of the tailrace

tunnel 1s done by Manning’'s formula. The discharge

3 capacity and flow velocity are as shown in Fig. 10-~15,
‘and it-is'amply possible for maximum discharge of Q =

25.7 ﬁf/SeC_to be passed through.
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10.2.3 Electrical Equipment

(1)

Selection of Major Egquipment

Upper Kihansi power station has an effective head of.
214.5 m, a maximum wgter discharge of 25.7 m3/sec, with
the output of 47,000 kW. With these deéign features,
the Vertical Francis turbine is most suitable, and this

type of turbine has been selected.

‘The main transformers are selected as outdoors type by

which cable circuits on the high voltage of 220 kV side
can be eliminated. The single phase transformers are
selected based on considerations on transportation and

ease of recovery from failure.

A single bus system is selected for the 220 kV
switchyard in view of economy and maintainability, and
the switcHYard bus conductors are to be aluminum cable
supported by outdoor steel structures.

The interconnection between the main transformers and -

'the switchyard is to be provided by overhead lines.

The pertinent performance and data of the waterturbine,
generator, main transformers and 220 kv switchyard

equipment are presented below:

- Turbine

Type VerticalshaftFrancisturbine 
Number of unit 1 ' '
Rated effective head 214.50 m

Water discharge 25.7 m’/sec

Rated output : 48 MW

Revolving speed 429 rpm
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- Generator _ . _ ,
Type 3-phase, AC, synchronous

o generator

Number of unit | 1

Capaéity ._ - 53 MvA (with 0.9 lagging power
' ' factor)

Revolving speed 429 rpm

Frequency 50 Hz

~ Voltage 11 kv

- Main Transformer

- Type . Outddér, - single-phase
' transformer _:_7_i
Number of units 4 (including 1  spare
| _ transformer}
Capacity ' 53 MVA (17.7MVA x 3 + 1)
Voltage o 11 kv
- Swiﬁéhyard  _ S _
Bus type Single bus
Bus B _ Aluminum cable
Number of lines | : 2 circuits 
 Voltage _ 220 kv
,Céhdﬁctor type ACSR; 400 mm®
Section | ﬁppé?_Kihansi_Power Station

to Lower Kihansi Power
Station ‘
Upéer”Kihansi-Poﬁér Station
to Iringa Substation

- Interconnection Line

Number of circuit - 1 circuit
. Number of Bay 1
Voltage 220 kv |
Conductor type ~ ACSR 380 mm®
Section o _  Main transfofmer- to
| | switchyard
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(2)

(3)

(4)

Main Generator Circuit

The main generator circuit is to be low-voltage~side

synchronized, unit type circuits to enhance reliability
and maintainability, and to assure station service power

supply.

The main generator and main. Lransformers are connected
by power cables, and the main transformers and
switchyard are connected by overhead lines.

The single line diagram of the power station is

presented in Fig. 10-16.

Iinterconnection Qverhead Line

The interconnection overhead line is a single-circuit,

220 kv overhead line that connects the 53,000 kva maln'
transformers to the outdoor sw1tchyard

The conductor of this overhead line is 380 mm’ ACSR and
the lines connect the transformer to the switchyard bay
at the shortest possible route. The circuit is shielded
by G.S 70 mm’ overhead ground Wires,:which is connected
to the grounding system of the switchyérd.

Electrical Equipment of Power Station
The power station is a semi-underground design, with the
erection bay located at the tailrace side of the

powerhouse.

The single water-turbine-generator unit and the related

auxiliary equipment are installed at an underground

level.
An overhead travellng crane is 'lnstalled :in the .
generator hall of the building, and a gantry crane for

transportation of parts into the erection bay . is
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(5)

installed outside the building. The main transformers

are installed outside of the building.

The equipment layout in the powerhouse is illustrated in
Figs. 10-17 through 10-20.

Electrical Equipment in Switchyard

. The switchyard is constructed on the side of the

powerhouse facing the tailrace, to make best use of the
geographical. conditions of the site, and the double
circuit, 220 kV transmission line extend to the right
bank of the river. The 11 kV distributioh line for
operation of dam is constructed in parallel with the
220 kV transmission line.

The equipment layout in the switchyard is presented in
Fig. 10-21.

Communication Equipment
i) Design Conditions

a} The communication eqtipment of the Upper Kihansi
power station is designed with the assumption
that Upper Kihansi power station is operated

with operators stationed.

b) 'The.information:and data of fhis power station
_is to be transmitted to the'neighboring_lringa
Substation, - so that the power ‘station is
*mbhitored and supervised by SCADA System which
“is installed at ﬁbungo Central Load Dispatching
Office. '

ii}) Dévelopment'of Communication Channels

The communication channels required in' relation to

the ”pi“ branching of the aforementioned
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~transmission line is structured. The sections and
numbers of circuits of these communication channels
are as described below.

- Between Upper Xihansi Power Station and lower
Kihansi Power Station

- Load Dispatching Telephone Channel . 1 channel
Maintenance Work Telephone Channels 3 channels
PLC Protection Signal Transmission

Channels 2 channels

- Between Upper Kihansi Power Station and Iringa
Substation

- Iioad Dispatching Telephone Channel: 1 channel
Haintenapce Work Telephone Channels 3 channels
PLC Protection Signal Transmission
Channels e _ 2 channels
Load'Dispatching Signal Transmission _
Channel : o o .1 channel

- Between'Lower Kihansi Power Station and Iringa
Substation

'Load Dispatching Signal Transmission
Channel : ' 1 channel

.. The lbad dispatching signal transmission system is
operated as a three~terminal system by installing
fthé;tpneVringer'function. A VHF base station is
established at Upper Kihansi Power Station, to
expand the . transmission line maintenance channels
: provided by the VHF base station at Iringa
. Substation which. is to.be constructed in Lower
Kihansi_;Powe;_fStatioﬁ[ constructioh ‘work. An
_automatic téléphone exchange system is installed at
Upper Kihansi Power Station to- provide telephone
sérvice for maintenance and to create paging
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iii)

circuits for maintenance works in the power station.

Qutline of Communication Equipment

The outline of communication'equipment which are
required for the construction of @ the above

communication channels is described below.
a) Power Line Carrier Units

A total of six, 2-channel power line carrier
equipment is installed at Upper Kihansi Power
Station, with three units facing Lower Kihansi
Power Station and three units facing Iringa
‘Substation. In 'addition,'.the inter-circuit
coupling type coupling devices are. installed
facing Lower Kihansi Power Station and Iringa

Substation.

b) Power Line Carrier Protective Relay Terminal
Egquipment

A total of four power line carrier protective
relay terminal eguipment is installed; a total
of two equipmeﬁt:shall be installed at Upper
Kihansi Power Station, for the double circuit
transmission lines connecting Lower Kihansi
Power Station and Iringa Substation.

c) Load Dispatching Signal'Terminal Equipment

One 10adfdispatCKing signélsterminél equipmeﬁt
"is installed at Upper Kihansi -Power Station to
- provide communication channels reaching Iringa

Substation so that the signals are exchanged

with the SCADA system at Ubungo Central Load -

Dispatching Office: . o o '
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.d)

e)

£)

g)

Automatic Telephone-Exchange System

One, 100-channel automatic exchange system is
installed at Upper Kihansi Power Station.

Line Maintenance VHF System

Two portable radio units are procured. A base
station equipment is installed at Upper Kihansi
Power Station, and one car-borne radio unit and
one portable radio unit are procured.

Paging System

One paging system is installed at Upper Kihansi

Power Station.
DC Power Supply System
One DC power supply system each, consisting of

batteries . and - battery chaxging wunit, 1is
installed at Upper Kihansi Power Station.

‘The equipment to be installed and their features

are given in Table 10-5 below.
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Table 10-5 A List of the Communication Facilities on Upper Kihansi Project

Equipment

Power Line Carrier
Terminal Equipment

Coupling Devices for
the Above

PLC Protective Relay
Terminal Equipment

Load Dispatching Signal
Perminal Egquipment

Automatic Telephone
Exchange

Line Maintenance
VHF Base Station

VHF Car-Borne Unit
VHF Portable Unit:
Paging System

Tone Ringer

Battery Charger Unit

Batteries

Features

i0 W, 2-channel
type

Interfcircuit
coupling

SCADA slaﬁe station

100 channels
150 MHz, 100 W

150 MHz, 10 W:
150 MHz, 5 W
2 kW, 100 sets
10 channels

48 Vv, 100 A

48 v, 500 AH
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Fig. 10-22 Upper Kihansi Project Telecommunication System (1)
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Fig. 10-23 Upper Kihansi Project Telecommunication System (2)
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10.2,4 Transmisslon Line

The  transmission line forxr Lower Kihansi Project is
constructed preceding to the construction of Upper Kihansi
Project. It passes just before the Upper Kihansi Power
Station. |

So, the tranémission--line for_Upp_er'Kihansi ?ro:ject is a
short distance double circuit incoming line which connects
between this line and the :switchjfard of Upper Kihansi
Power Station.

Description of the .feasib'j.lity_design of the transmission

line for Lower Kihansi Project is given in 10.3.4 section.
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