10.3.3

(1)

Electrical Equipment

Selection of Major Equipment

‘Lower Xihansi Power Station has an effective head of
813.0 m, a maximum available discharge of 22.2 m’/sec (or
7.4 m°/sec when 1 unit is.used), with the power station
output of 153,000 kW. With these design features, only
Pelton turbine can be used. It is Jjudged that based on
the estimated cost, power system size and the unit sized
in existing power stations that there will be little
adverse effect on the power system even if a 3-unit
design is selected. A cost study is done to compare the

':relative advantége of vertical shaft type and horizontal

shaft type7 and the wvertical shaft type is selected
because of its higher economy. The. comparison of
vertical shaft and-horizontai shaft design is given in
Table 10-9. |

i) It is generally easier to overhaul turbines and
generators with . the horizontal shaft type as
compared to the vertical shaft type. However, the
elevation of the turbine center has to be raised by
1.0 m with the horizontal -shaft ‘type, with
‘corresponding reduction of. effective head.

ii)  When the horizontal shaft design is selected, either
the single-wheel, 2-nozzle Pelton turbine ox the
two-wheel, 4-nozzle Pelton turbine are selected.
Under the current plan, the speed of a singie—wheel,
two nozzle Pelton turbine must be 360 rpm due to the
limit placed on.the specific turbine speed. This
makes -the_.géometry and weight of the turbine
ihcreqse;‘with-increasedfcost, '

=In.additiOn,:the performaﬁce of -a 2-nozzle turbine

.at partial load is- inferior to that of 4-nozzle
turbine. '
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1ii)

Although the speed of a horizontal shaft, two-wheel
4-nozzle turbine is 514 ypm., which is the same as
a vertical shaft, four-nozzle turbing, -the
horizontal shaft turbine is larvger in weight and

nore expensive than a vertical shaft turbine.

Generally speaking, the dimensions of powerhouse
becomes larger with the horizontal shaft turbine as-
compared with the case of vertical shaft turbine.
Under the current plan, the floor area of the
powerhouse'is_480 m’ larger than with the vertical
shaft turbine when horizontal shaft, single-wheel,
2-nozzle Pelton turbine or horizontal shaft, 4-
nozzle Pelton turbine is selected.” Based on the
above analysis, the vertical shaft, 6-nozzle Pelton

turbine is selected which has more merit.

The turbine unit selected is the vexrtical shaft,
single-wheel, 6-nozzle +turbine (VP-1R6N), each
having a 52,000 kW output and 750 rpm. speed.

The generator unit selected - is 3-;phasejr AC
synchronous generator with 57,000 kVAfcapacityu The
power factor of the generators of the»ﬂbwet Kihanéi
Power Station is selected at 0.9 (lag) to realize
higher economy. This is-based'on-the:donsidération
that, although the power factor of_generatbrs_of:
existing power stations is at 0.85 (lag), and the
reactive power needed for-fhe regulation of.pdwer
system voltage is currently_not_quite'suffiéient;
the power system voltage neér_Iringa Sﬁbétatidﬁ is
relatively high, and the reactive pdwér supp1y'from
Iringa Substation is sufficient_for.voltage,contiol
of this area. The generator'ﬁoltage is_selected at
11 kv which is the-anost' suitable'?valﬁe 'er the

capacity of the generators. VThe'capacity of_the 
main transformer is selected at 19,000 kVA,'and 10
outdoor type, single phase oil filled transformers
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(including 1 spare transformer) are installed in the
outdoor switchyard to raise the 11 kV generatoxr
voltage to 220 kV transmission voltage.

The switchyard is an outdoor, and it is constructed
at a location adjacent to the powerhouse. The
transmission line is designed as a 220 kv, double
cifcuit_line, which runs from Lower Kihansi Power
Station for approximately 113 km and is connected to
the 220 kV bus of Iringa Substation. In future, the
Uppex Kihansi Power 'Station is connected to one

circuit of the line by "pi” connection.

_The control system for the switchyard is to be the
Qne—man' control = system, by which the operating
.perébnnel stationed in the power station can control
the switchyard equipment. ' ‘

The control system is to be so designed that the
Upper Kihansi Power ©Station c¢an be remotely
coﬁtrolled from Lower Kihansi Power Station in
future. :

" The major electrical equipmeht of Lower Kihansi

Bower Station are indicated below:

- Turbine
Type Vertical shaft Pelton
_ ‘ . turbine (6-nozzle)
Number of units - 3
_Rated-effective head 813.00 m .
Water discharge . 7.4 m'/sec (22.2 m'/s
o ' N with 3 units)
:Rated-output 52 MW
: Revbiving'speed 750 rpm
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-~ Jenerator

- Main

Type

Number of units_

Capacity
Revolving speed
Frequency

voltage

Transformer

Type
Number of units

Capacity
Voltage

- SWitthard

Bus type

Bus

Number of lines
Voltage
Conductor type

Section

- Interconnection Lines

Number of circuits
Number of Bays
Voltage _
Conductor type
Section '
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'3~-phase,

Station to

ac,
synchrontus generatoxr
; .

57 MVA  (with 0.9
ldgging power factor)
750 rpm

50 Hz

11 kv

Outdoor, single-phase
transformer
10 {including 1 spare
transformer)
57 MVA (19 MVA x 3 +1)
11 kv

Double bus

Aluminum cable

2 circuits

220 kv

ARC 400 mm®

Lower Kihansi Power
. Iringa
Substation '

3 circuits
3

220 kv

'ACSR 380 mm®

Main ~transformer to
switchyard



{2)

- Transmission Line

Total length 113 km

Fumber of circuits Double circuits
Voltage 220 kv

Conductor type ACSR 380 mm’

Section ‘Lower P.S. - Upper P.S.

- Iringa 5.8.
Expansion of Existing Iringa Substation Switchyard

The double circuit transmission lines from Lower Kihansi

Power Station shall be connected to the switchyard of

Iringa Substation (which is to be modified to a double
bus configuration in future). At present, Iringa
Substation has facilities for 3 circuits of 220 kV
transmission lines (Mtera, Kidatu and Mufindi) and
double circuit of 33 kv lines.

Additional space required for connection of the double
circuit transmission line interconnecting Kihansi system

is already provided in this switchyard.
The equipment layout in Iringa Substation is given in

Fig. 10-41, and the related Kihansi electric power
system diagram in Fig. 10-42.
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(4)

Table 10-9 Comparison Tahle of Pelton Type
Water Turbine

Vertical shaft  Horizontal Shaft

: 4-Nozzle 4-Nozgzle
‘Turbine Type ) (VP-1R4N) (HP-2R4N} Note
Specification
Rated Effective ©813.0 813.0
Head (m)

Maximum Water 7.4 7.4
Discharge (m”/sec)
Turbine Output (kW) 52,000 52,000
Speed (rpm) 750 600
Generator Capacity 57,000 57,000
(VA)
Construction Cost (%)
FElectrical Equipment 100 132
Civil Structures . 100 113

Main Generator Circuit

The main generator circuits are to be low-voltage-side
synchronized, unit type circuits to enhance reliability
and maintainability, and to assure station sexvice power
supply. -

The main generatbrs and main transformers are to be
connectéd.by'power cables, and the main transformers and
switChyard_ére cbhnected_by overhead lines. Single line
diagram .is shown in Fig. 10-43.

Interconnection Overhead Line

The interconnection overhead lines are the 3-circuit,

220 kV overhead - lines that' connect the 9 main

;tranﬁformers} 3 of_each.composing a 19,000 kvA cépacity,

to the outdoor sﬁitéhyard.
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(6)

The conductors of this overhead lines are 380 mm’ ACSR
and the lines connect the transformer to the switchyard
bay at the shortest possible route. Each transmission
line circuit is to be shielded by G.S5 70 mm’ overhead
ground' wires, which are connected to the grounding
system of the switchyard.

Electrical Equipment of Powerhouse

The powerhouse is a semi-underground design, with the
erection bay located next to the generator hall of the
powerhouse. '

The turbine-generator units are to be installed with
each axis separated by a distance of 14 m, equipped with

related auxiliary equipments.

An overhead traveling crane is installed in the main

-equipmeﬁt'hall of the building, and a gantfy c¢rane for

transportation of parts into the erection bay is
installed outside the powerhouse. The main transformers

are installed outside the powerhouse.

The equipment layout in the powerhouse is presented in
Fig. 10-44 through Fig. 10-48.

Electrical Equipment in Switchyard

The_sWitchyard is cénstructed_next to the'powerhouse
facing the Kihansi River, to make best use of the

._geographical*fconditions:'bf ‘the site, and the double

circuit, 220 kV transmission line is to extend to the

_upperIStreamisidé of the left bank of the river. The

11 kV-distributiOn-line for operation of dam is to be

constructed in parallel with the 220 kV transmission

line.

Thejeqﬂipment layout in the'switchyard is presented in

‘Fig. 10-49 and Fig. 10-50.
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(7)

Communication Eguipment

i)

ii)-

Design Conditions

a) The communication equipment is designed with the
assumption that Lower Kihansi Power Station is
_operated with operators stationed, because it is

‘manned for operation for sometime to come,

b) The information and data of this Power Station
is to be transmitted to the neighboring Iringa
Substation, so that the ‘Power Station is
monitored and supervised by SCADA System which
is installed at Ubungo Central Load Dispatching
Office.

‘Development of Communication Channels

The communication circuits are to be developed in
pace with the construction of power stations and
transmission lines. The - communication channels
which are required for the operation of the 220 kv
transmission line .from the Lower Kihansi Power
Station to the nearby Iringa Substation are to be
completed. The sections and numbers of circuits of
these communication channels arve as described below.

 Thé following channels are to be established between

Lower Kihansi Power Station and Iringa Substation by

‘means of power line carriers.

Load Dispatchinq_Teléphone'Channel "~ 1 channel
'Maihtéﬁahce Work:Telephohe'Channels 3 channels
PLC Protection Signal Transmission

Chanhels - - 2 channels
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iii)

Load Dispatching Signal Transmission:
Channel 1 channel

In addition, a VHF base station is to be established
at Iringa Substation to provide the telephone
channels for -tfansmission line maintenance. An
automatic telephone exchange system. is to be
installed at Lower Kihansi Power Station to provide
telephone service for maintenance and to create
paging circuits for maintenance works in the Power

Station.
Outline 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

Three units of 2-channel power line carrier
terminal equipment axe 'installed in Lower
Kihansi Power Station . and Ifinga Substation
respectively, - and the inter-circuit coupling
type coupling devices, covering the -both
circuits of transmission line, are to be
installed at bhoth ends.

b) Power Line Carrier Proteétive Relay Terminal

Egquipment

A total of four power line carrier protective
relay terminal equipment is installed'atlwaér

Kihansi Power Station and Iringa Substation for
protection of the double circuit transmission

line.
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c¢}. Load Dispatching Signal Terminal Equipment

One load dispatching signal terminal equipment
is installed at Lower Kihansi Power Station to
provide communication channels reaching Iringa
Substation so that the signals are exchanged
with the SCADA System at Ubungo Central Load
qupatchlng Office.

d} Automatic Telephone Exchange System
One, 100-channel automatic telephone exchange
system is installed at Lower XKihansi Power
Station.

e) Line Maintenance VHF System
A VHF base station equipment is installed at

- Iringa Substation, and two car-borne radio units

and two portable radio units are to be procured.

f)' Paging System

One paging system is installed at Lower Kihansi
Power Station.

g) DC Power Supply System
One DC power supply system each, consisting of
batteries and = battery charging wunit, is
installed at TLower Kihansi Power Station and

Iringa Substation, .

The'equipMent'to be installed and their features are
given in Table 10-10 below.
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Table 10-10 A List of the Communieation Facilities
on Lower Kihansi Project

Equipment

Power Line Carrier
Terminal Equipmeént

Coupling Devices for
the above

PLC Protective Relay
Terminal Equipment

Load Dispatching Signal

Terminal Equipment

Automatic Telephone
Exchange

Line Maintenance
VHF Base Station

VHF Car-Borne Unit
VHF Portéble Unit
Paging System

Tone Ringer

Battefy Charger Unit

Batteries

Features

10 W, 2-channel
type :

Inter-circuit
coupling

SCADA slave station

100 channels
150 MHz, 100 W

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

48 ¥, 100 A
48 V, 500 AH
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Fig. 10-51 Lower Kihansi Project Telecommunication System (1)

LOWER KIMANST P.S
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@ e —®
i 1 . .
- — \—/ A —+ Load Dispatching Center
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@ £ — 2
PLC-3 .
& — - \ 2
@ - — 2
Legend _
©—: Load Dispatching Telephone Circuit

&&—: Administration Use Telephone Circuit
@—: Data Transmission Circuit for Teleprotection

2—: Data Transmission Circuit for SCADA
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LOWER KIHANSI P.S

Flg. 10-52 Lower Kihansi Project Telecommunication System (2}
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10.3.4

(1)

(2)

Transmission Line
Meteorolbgical Conditions

The meteorological - conditions to be applied in the
feasibility design are determined to be as follows by
use of the available meteorological data (Table 10-11)
.along the route of the transmission line together with
the existing design conditions in Tanzania as a

- reference.

a) Temperature, highest: +35°C
average: +20°C
lowest : -1°C

b) Humidity,  average: 70%

c) Wind velocity, max. : 44.2 m/sec

d) Rainfall, max. r 260 mm/month

average: 54 mm/month
min. : 0 mw/month
e) IKL, - - average: 62 days/year

f) ‘Seéismic acceleration: 0.1 G
ConStruction_Criterié

The' following conditions are assumed in the feasibility

design.
"a) :Roufe ; ' ¢ Lower P.S. - Upper P.S5.
R - Iringa §.S.
b) Total lengﬁh _ ¢ Approx. 113 km
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¢) Voltage : 220 kv
d) Capacity of transmission: 200 MW

@) Conductor size : To result in wvoltage loss
less than 10% and
transmission loss less than
5% at a power factor of 0.95

f) Number of circuit Double

.g) Tower ' : s Latticentype tower
(3) Wind Load

The maximum wind_vélocity.for'the transmission line area
is ‘estimated as 44.2 m/sec from the existing design
conditions and the life of the tower and a return period
of thirty—fivé years. The wind pressure for the line
with these conditicns.is calculated by the following

equation.
P = VeC/16
- where
P Wind;pressure for wire, etc. (kgf/m%)
Vi - Maximum wind velocity (m/sec)
c :

Air resistance coefficient

The wind pressure value for each object is derived by
the equation as follows:

. Conductor 122 kgf/n’ (C

ek = 1.0)
.Overhead ground|wire$-f1343kgf/m?_(c = 1.1)
-Insulator unit - . : 171 kgf/m’ (C = 1.4)

. fower : 300 kgf/m’> (C = 1.65 x 1.5)
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(4)

For the wind pressure on aerial cable reduction ratios
of 100% for those less than 200 m span and 60% for those
more than 300 m span are assumed.

Insulation Designs

The insulation is designed by taking into account an
assumed basic condition of the 220 kV transmission line
for nominal voltage with effective grounding system
(direct grounding), together with 'switching surge

voltage and commercial-frequency abnormal voltage.

This results in the requirement of 250 mmé x 12 units
insulator pieces per string; however, fOurteen-unitsfper.
string are to be the actual number considering the lack
of data for contamination losses and EOnsistency with

existing lines.

Suspension Units: 14 units

Tension Units = s 15 units

Clearance Diagram and Insulator Design are given in
Figs. 10-53 and 10-54.

The permissible salt deposition for this ‘number of

insulators is approximately 0.03 mgf/cm’,

Table 10-12 lists the  recommended  insulator

characteristics.
Lighthing-proof Designs

Since the area for the transmission line has extremely
high isokeraunic level (IKL’S)(averdge'62'days). The
overhead ground wire is to be a two_liné‘wire thfoughduf'“
the line route with a shielding3“éngle ‘of less than
fifteen degrees in:qfder to reduce direct:lightning-hiﬁs'
on the line. '
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Table 10-12  Characteristics of Insulator Disk

Iltems - Specification
IEC Type o UBOBL
Type Ball and Socket
'Quality ; " Porcelain
Diameter ' 254 mm
Unit.Spacing _ ' l#é'mm.
‘Creepage Distance : .286 mom
Elé@tromechanical Faiiing Load B,OOOIkg
PanCtufe‘Voltagé . 110. kv
Eﬁll and Socket Size “16A mm
Net Weight 5.5 kg
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- (6)

(7)

The grounding resistance of the tower is to be made less

than ten ohms, in oxrder to reduce back flashover.
Clearance between Conductors

The recommended clearances between conductors, and
between conductor and overhead ground wire are as
follows:

a) Clearance between conductors is designed normally as
4.6.m for the span less than 600 m and 5.6 m for the
span between 600 m and 800 m. '

b) By assumihg' a lightning. current of 80 kA, the
minimum clearance between conductor and overhead
ground wire is designed as 8 m:for'ihe standard
span. The clearance diagram of the tower is
presented in Figs. 10-55 (1) and 10~55’(2). .

Design of Conductor

Based on an overall assessment of factors such as
transmission capacity, corona troubles, current capacity
in case of failures, economical factors, handling ease
in construction works and previous experiences in

Tanzania, ACSR 380 mm’ (Bison) is recommended for the

project.

The characteristics are shown in Table 10;13 and outline

of the design is as follows:
i) Transmission Capacity (P)

P=vV3 E I cosd
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iiy

iii)

iy)

where
E: Transmission voltage (kV)
cosd: Power factor

T: Permissible current (A)

The transmission capacity of ACSR Bison is
approximately 215 MW at 75°C.

Momenﬁary Current Carrying Capacity

By . neglecting the heat dissipation from the

- conductor by reason that fault current is momentary,

thé'permissible current for ACSR Bisoﬁ in accidents
such as ground short-circuiting is determined as

25 kA with 2 second current duration.

This permissible instantaneous current is much

greater than the fault current.
Maximum Surface Gradient at Conductor Surface

The maximum surface gradlent, of ACSR Bison

1' conductor 1s approx1mately 15. 5 kV/cm and it is not

gignificant in terms of corona losses or radiation
troubles. =

Design of Tension and Sag

'The'working conditions need to be determined from

maximum and usual working tensions. The safety
factor for maximum working tension is assumed to be
more -than 2.5 times as much as minimum tensile

strength of the conductor and usual tens1on for

"standard span (at annual average temperature and no
'w1nd) is assumed to be less than twenty percent
© (20%) of minimum tensile strength of the conductor.

Table 10-14 shows the results.
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Table 10-13  Characteristics of Contuctor (3806 mm> ACSR)

Items
Code nanme
Type
Size
Composition Alumi.
Steel
Diameter '
Calculated sectional area Alumi.
Steel
Total

Unit weight

Rated strength

DC resistance at 20°C
Coeff. of liner expansiocn
Modulus of elasticity

Contents

Bison
ACSR
380 mm? :
54/3.0 Nos/mm
7/3.9 Nos/mm
27.0 mm
381.7 mm?
49,5 mm?
431.2 mo?
1,383 kg/kn
12,330 kgf
0.07574  [km
19.5 x 107 q/°C
7,990 kgf/mm?

Table 10-14 Dip and Tensfon at Each Assumption {380 mm® ACSR}

Assumption conditions _8 = 200 m_.
Temp. Wind Tension Dip
(°C) (kgf /m?) (kgf) (m)
0 122 4,900 3.65
(39.74)
0 73.2 3,969  3.04

(122x0.6)(32.19)

20 - 0 2,406 2,87
(19.51)

75 0 1,527 4.53
(12.38)

Note: ( ) Safety factor

10 - 176

L5 = 400 m .8 = 600 m_

Tengion Dip - Tension Dip

(kgf)  (m) (kgf) (m}
3,514 13.73 3,403  31.90
(28.50) . (27.60)

2,029 13,65 1,955 31.93
(16.46) (15.86)
1,765 15.70 1,832 . 34.09
(14.31)  (14.86)



(8)

Bach supporting  point is to ‘be equipped with a
damper for reducing fatigue caused by conductor
‘vibrations. Also, the base of suspension clamps are
to be equipped with armor-rods.

Design of the Overhead Ground Wire
Aluminium clad steel wire (AC) of 70 ;mm2 diameter is

recommended for the overhead ground wirxe due to the

‘consideration of momentary current capacity, shielding

- of low tension letaqe lines against the fault current

‘of ground . short-circuiting accidents, mechanical
characteristics and economical factors. Table 10-15

‘shows. the characterxistics.

 The bufline of. the design.is described below..

i) Momentary Current Capacity

The_moméntaty current . carrying capacity (0.25 sec)
for AC 70 m’ is calculated as 12 kA by neglecting
‘the heat dissipation from the wire. And it
satisfies the design condition of the ground short-

elrcuiting current.

ii) Design of Tensiqh and. Sag

The overhead ground wire installation conditions are

”detérmihed_~fr0m7 maximum: working-nténSidn, usual
- working temsion -and relaxation ratio - between

conductor and overhead ground wire sag.

The design is examined by assuming the safety factor
for maximum';enSionqto be'mbre than-z.s times as -
much;as minimum,tenéiie strength_of the overhead
Hﬁg;pund;wire,'usudl,tension~fo£:standéfd span (at
annual average température and no wind) to be less
than twenty-five .peréeht of minimum tensile
strength, and usual relaxation ratio of the overhead
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(9)

(10)

ground wire sag against the conductor sag (dg/dc) to
be less than §0%. '

Table 10-16 shows the results.

Each supporting point is to be equipped with a
damper for vreducing fatigue caused Dby wire

vibrationg,
Design of Supporting Structure

The standard wind pressure is 122 (100%) kgf/m® for

conductors - and 300 kgf/m® for towers in the existing
design conditions of Tanzania. ' These wvalues are
appropriate judging from the meteorological data and
operation records of existing transmission'lines.

Design of Foundation of Supporting Structure

- The foundation of supporting structure is to be designed

according to the ground conditions, which are to be

examined through geological surveys.

Geological surveys for the construction of transmission
lines are necessary to obtain information to construct
reliable'and the most'ecbndmical:suppbrting-struCtures
and for construction safety. As the results of the
survey are crucial in the economical and safety aspects
of the construction work of overhead transmission lines, -
it is important to choose an appropriate method for the

survey.

Judging from the results of the'ﬁfiéld- survéy for
transmission line, either "the Pad Type" or “"the Rock .
Anchor Type" can be adopted for the foundation. = The

details of the foundation are necessary to be designed

in a definite design study.

10 - 178



Assumption

Table 10-16 Characteristics of Overhead Ground Wire (AC 70 mm?)

ltems

Type

Nominal sectional area
Composition

Diameter

Calculated sectional area
Unit weight

Rated strength

Coeff. of liner expansibn
Modulus of elasticity

Contents

AC
70 mm?

7/3.5 Nos/mm
10.5 mm

67.35 mm?
448.2 kg/km
7,880 kgf
13.9 x 10°6/°¢

12,900 kgffom?

Table 10-16 Dip and' Tension at Each Assumption (AC 70 mmz)

' Conditiong s = 200.m

s = 400 m
Temp. Wing Tension Dip Tension bip
(°C)(kgf/m") (kgf) (m) (kgf) (m)
0 134 2,600 2.84
(32.88)
0 80.4 2,369 2. 2,024 9.453

'(134x0f6)(30.09)

20 0

1,969  1.13
(24.99)
40 0 1,748 1.28
(22.18)
Note: ( ) BSafety factor
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(25.09)

1,246 7.18
(15.81)

1,144 7.83
(14.52)

s =600 m
Tension Dip
(kgf) (m)
1,855 23.18
(23.54)
967 20,87
(12.72) -
933 21.63
(11.84)
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Chapter 11 CONSTRUCTION PROGRAM AND CONSTRUCTION COST

11.1 Construction Program and Construction Schedule
11.1.1  Basic Conditions

The structures planned for the Upper Kihansi Project are
a center impervious core rockfill dam of a height of
95 m, waterways such as a headrace tunnel of total
length of approximately 640 m and a penstock of total
length of approximately 510 m, and a powerhoﬁSe. The
structures for the Lower Kihansi Project consist of a
éonCrete gravity dam of height of 35 m, waterways
comprising a headrace tunnel and penstock of total
1ength of approximately 4,200 m, and a powerhouse.

The matters influencing the construction program and
construction schedule of this Project are as described

below.
(LY Meteorology'

The meteorological conditions for this Project are as
described in Chapter 6.

The Construction schedule is set ub assuming that it is
génerally possible for embankment of the rockfill dam
and'plaéement of dam concrete to be done throughout'the
year.

(2) 'Tran5portation Route

_TranSportation'routés from Dar Es;Saldam:to the Proiject
site, as shown in Fig. 11-1, may be broadly divided into
a route relying entlrely on roads and a route going part
way by rallway as far as Chlta and from there to the
IPIOJECt site by road.
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The

i)

ii)

conditions of road and railway are described below,

Road from Dar Es Salaam to Mikumi

The road from Dar.Es Salaam to Mikumi is National
Highway A7 of 'width 8 m having a length of
apﬁfoximately 317 km. and is an arterial highway of
Tanzania. The entire route is-paved'and it has no

problem as a transportation route.
Road from Mikumi to Lower Kihansi Power Station

The road from Mikumi to Lower Kihansi Power Station

‘via Kidatu, Ifakara,_and Chita.is a main provincial

road of minimum . width 3 m and total length 231 km.
The road is unpaved and- for transportation of heavy
_articlés, - electrical e@uipment, | mechanical
equipment, - etc., there are several places between
Kidatu and Ifakara such as bridges requiring

reinforcement to be done. ‘The route between Chita

“and Lower Kihansi Power Station'présently is underxr

iiiy o

road - reinforcement work, . and after  this
reinforcement work there will be no problems in

using as a transportation route.
Road:from,Mikumi to Iringa
The road from Mikumi to Tringa is a mountainland

pﬁrt_of Natiopal Highway A7 with a minimum width of
4.5 m and a length of 184 km. The entire length of

the road is paved and there .is no problem as a

iv)

transportation road.

Road from Iringa to Uhafiwa

The road from Iringa to Uhafiwa is a provincial road

of minimum width 3.5 m and a length of 123 km. The

road is unpaved, and in order to transport heavy

- articles it is necessary for works such as widening
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v)

vi)

vii)

and reinforcing to be done almost over the entire

length.
Road from Uhafiwa to Upper Kihansi Dam

The distance from Uhafiwa to Upper Kihansi Dam is
approximately 15 km. There is presently no road at
this route and it is necessary for new construction

to be done.

Road from Upper Kihansi Dam site to Lower Xihansi

Powerhouse

‘The distance from the Upper Kihahsi Dam site to the

Lower Kihansi Powerhouse . via Upper - Kihansi
Powerhouse and Lower Kihansi Dam is approximately
35 km.  There is presently no road and it is

necessary for a new road to be constructed.
Railway from Dar Es Salaam to'Chita

The TAZARA Railway runs from Dar Es Salaam-to Zambié
via Chita. - This is a trunk railway line and the
transportation limits are ‘as shown in Fig. 11-2.
Transportation'to Zambia of heavy articles such as
3-phase transformers has been éxperieﬁcéd-oh:this
railway in the past.  This railway has crane

- equipment of 120-ton capadity,iand-by'transferring

this crane facility to Chita Station,. any problem
about rail transportation between Dar Es Salaam'and_

Chita does not exist.
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In view of the road and railway situations described

above, the problems during construction are the stable

supply of materials such as cement and steel, and the

safe and sure transportation of heavy articles such as

turbines and generators.

When the economics, implementation of the construction

-progtam according to plans; and future maintenance and
. administration of the dams and power -stations are

:consideréd; the transportation plans for the Project are

as follows:
i)  Upper Kihansi Project

.Transportatidn is to be mainly byirdad from Dar Es
Salaam to the Upper Kihansi Project site via Mikumi
_and Iringa;-but_partlY‘by railway:from Dar Es Salaam

- to Chita With.fOAd transportation_for the remainder
from Chita to the Upper Kihansi Project site.
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(3)

(4)

ii)

Lower Kihansi Project

Transportation is to be by railway from Dar Es
Salaam to Chita with road transportation for the
remainder from Chita to the Lower Kihansi Project

site,

Port and Harbor

The nearest port is that of Dar Es Salaam, the capital

city. There are no obstacles to landing of construction

machinery and electromechanical equipnment at this port..

Construction Materials

‘The principal construction materials are the following:

Y

ii)

iii)

" Cement

Basically, cement to be used is  to. be imported
product. However, for auxiliary work such as
temporary fécilities-Work, supplying is done mainly
from the cement plant at Dar Es Salaam.

Aggregates

Aggregates are mainly to be manufactured using
material from a. quarry west of the Upper Kihansi
powerhouse and partly re-using the material from
excavation work.

Steel

The principal steel materials are to be imported.
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Electric Power for Construction

The principal electric power facilities for construction

are to be as follows:

i)

- i)

Upper Kihansi Project

‘Electric power 1s to be supplied by diesel

generating facilities for construction until Lower

Kihansi Power Station starts operation, and after

- Lower Kihansi Power Station starts oparation,

electric power from that station is to be supplied

to complete the Project.

Electric power facilities for construction are to be

provided:at the -three locations of powerhouse site,

Edam-site, and:aggrégate plant site. The locations

0of receiving ends are the following:

Powerhouse receiving end ... headrace tunnel,
- penstock, powerhouse,
and tajilracé tunnel

Dam receiving end-...........dam, spillway and
intake
Other ........uv.u.svive.... dggregate plant

Lower KihanSi'Project

Electric power for construction of the Lower Kihansi

Project :is_':supplied_ using diesel (generating
facilities for construction provided at the

powerhouse site, with electric power transmitted to

'the:"féééiﬁihg: énds“"by distribution lines for

construction. The receiving ends are to be the
following: '
Dam receiving end ......... dam and intake
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