Table 8.3.1 Power'Sysﬁem Expansion Plan aﬁd
Calculation Items

Expansion of Expansion of

Year Power Source Power System Calculation
1987 No change - Power flow
1991  Kikuletwa No.l - Power flow
0.5 MW to 1.5 MW
1992 Pangani Falls Hale-Pangani Falls -
- 17.5 MW to 60 MW 132 kV line
19%4 Kikuletwa No.2 Kikuletwa No.2 Powar flow
LM _ to B
Kiyungi 33 kv, Short circuit
2 cct ' capacity
{Arusha diesel (66 kV Arusha-
station retired) Kiyungi line

abolished)

8.4 RESULTS OF SYSTEM ANALYSIS

The results of power flow and voltage calculations for 1987 to 1994
are given in Table 8.4.1. Power flows.are shown in Figs. 8.4.1 to 8.4.10,

and the short-circuit currents in Fig. 8.4.11,
(1) Present State of System (1987)

The 1987 power flow is shown in Fig. 8.4.1. According to the opera-
tion records obtained in field'investigafions, ﬁoltagé drdp'is-oﬁ"
the whole quite large, with drops in excess of 15% of rated voltage
at the buses of some substations. In the calculations,'voltage'

fluctuations are maintained in the range of -+57 of rated values.

The reason that the voltage fluctuation differs greatly from the
actual operation state is thought to be due to the fact that at the
time of the fleld investigations some of the generators were out of

service for repair, and also to the method of voltage regulation.

If the generators are operated normally the SYStem voltage can be
appreciably improved by voltage regulation through coordination of

transformer top voltage and generator operating powér'factor.'
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(2)

Effect of Rehabilitation on Kikuletwa No. ! Power Station

The power flow diagram for the present Kikuletwa No. ] Power

Station, at an output of 0.5 MW is shown in Fig. 8.4.2. The diagram

for the fehabilitated station with an output of 1.5 MW, is shown in

Fig. 8.4.4. Rehabilitation of the power station would improve the

capability of maintaining system voltage, and reduce transmission

losses.

1)

1)

Before Rehabilitation

If the 33 kV bus voltage of Njiro Substation drops 25% below
the rated 1evel, the generator cannot operate at the
eilowable voltage range 100 + 5% of the'rating. As a result,

most generator voltages will drop below 95% of the rating.

To maintain normal system‘voltege, it would be'necessary to

install, on the Njiro Substation's 33 kV bus, a static con-—

denser of capacity larger than 3 MVA or else to perform'load

shedding. Fig. 8.4.2 shows the power flow diagram that
applies when a static condenser is not used; Flg. 8.4.3 shows
the power flow diagram that applies when a static condenser

of 3.1 MVA ig installed.

With no static condenser, the transmission loss is 8.75 MW.

The loss decreases to 7.44 MW if a static condenser is

installed.

After Rehabilitation

The 33 kV bus voltage drops 10% from the rated level, but
generator voltage can be malntalned above 95% of the rating.
The power system can, therefore, be operated normally. To

stabilize the voltage, however, it remains preferable to

'.install a statie condehser, in this case with a capacity

greater than 2,5 MVA, at the 33 kV bus of the Njiro
Substation.

'Fig. 8. 4. 4 shows the’ power flow diagram that applies when a

static condenser is not used. The power flow diagram that



"applies when a static condenser of 2.5 MVA is installed, is
shown in Fig. 8.4.5,

Without the static condenser, the transmission loss is 7.41

MW. The 1ess decreases to 6.99 MW if a static condenser is

installed.
(1ii) Comparison

The effects of rehabilitation of Kikuletwa No. 1 Power

Station, when no static condenser is installed are itemized

below.

Before Rehabllitation. _

—~ The system voltage is not maintained at the normal level.
It is necessary either to install a static condenser or to
perform load shedding.

- Transmission loss increases to 9.95 MW.

After Rehabilitation:
~ The system veltage is maintained.

- Transmission losses decrease to 7.41 MYy,

Reduced losses through the rehabilitation are 2 54 MW, which
corresPQnds to about 11,000 MWh annually. ' '

Note, however, that the power consumed in.thié reglon is transmitted
from Kidatu Power Station. If the transmission losses beyond the
Chalinze Substation are also considered, the above—mentioned losses

would be greater.
(3) Effect of Developing the Kikuletwa No. 2 Power Station

The power flow diagram for the situation before development of
Kikuletwa No. 2 Power Station is shown in Fig. 8.4.6; the diagran
for the situation after development 1is shown in Fig. 8.4.8.
Developument of the power statlon 1mproves the power system’ charac—
teristics by: improving the capability of maintaining system
voltage, reducing the transmission 1osses, and improv1ng the

reliability of power supply in the region.
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(1i)

| (i1i)

Before Development

The 33 kV bus volfage drops 35% from the rated level and
generator cannot be operated at the allowable voltage fluc-—

tuation range 100 + 5% of the rating. To maintain the systen

voltage at the normal level, it would be necessary to install

a static condenser larger than 9 MVA at the 33 kV bus of the
Arusha Substation. Fig. 8.4.7 shows the power flow when a
static condenser of 9 MVA is installed at the Njiro
Substation. '

Trénsmission losses are 7.59 MW if a 9-MVA static condenser

-is;installed at the Njiro Substation.. Without the static

condenser, the losses are 14 MW, and it is impossible to

maintain the function of the power system.

Plans call for the capacity of the Paﬁgani Falls Power
Station to be increéased from its present 17.5 MW to 60 MW in
1992. Voltage improvements at the Kiyung{ and Njire

Substations, however, can not be expected.

As these substations are more than 300 km distant from the

power station, it is impossible for them to receive reactive

power to maintain the system voltage.

After Development

The 33 kV bus voltage is maintained above 95Z of the rated

level and:tﬁeEPOWer system can be operated normally

(Fig. 8.4.8). MNo static condenser is necessary.

. Transmission losses are 4.89 MW.

Comparison

The effects of developing Kikuletwa No. 2 Power Station are
listed below. '



(4)

Before Development:

= The system voltage 1s not maintained at the normal level.
it is necesséry either to install a static céndenser or to
perform load shedding.

—~ Transmission losses are 7.59 MW if a static condenser of

9 MVA is dinstalled.

After Development:
= The system voltage is maintained.

- Transmission losses are dééreased to 4;89 MW.

Development of the power station thus rémoves the need for the 9 MVA
static condenser, and decreases transmission losses by 2.7 MW, The

losses saved correspond to about 12,000 MWh annually. .

Power Transmission Method for Kikuletwa No. 2 Power Station
(i) Selection of Transmission Voltage

The transmission voltages presently used in fhe Kikuletwa

No. 2 project area are 132 kV, 66 kV, and 33 kV, and the
‘transmission voltage for the No. 2 Pdwer Statioﬁ must be cho—
sen from among these values. TANESCO;S pdliéy,’however, is
to discontinue use of 66 kV, and the'intention is to even-
tually abolish the existing 66 kV traﬁsmission lines.

Therefore, only the 132 kV and 33 KV values were compared.

Comparisons were made hased on'the transmission methods of

the two cases below (Fig. 8.4.12),

Case 1: Connection with Kiyungl Substation with 33 kV line
(1 Circuit) ' o I

Case 2: Connection with the Same-Kiyungi Line with 132 kV
line ' -

The powef flow diagram for Case 1 is éﬁoﬁn ih’fig..8{4.9, and
that for Case 2 in Fig. 8.4;10. There are ptacticélly no
differences in voltage drop and transmission losseé. :This'is
because the 132 kv lines would be about lO.km'ionéer (5_km
incoming and 5 km outgoing), Increased line length would
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cause Increased voltage drop at the Kiyungi and Arusha

substations.

It was, therefore, decided to employ a 33 kV line, as this is

less expensive than a 132 &V line.

Kiyungi Substation 132KV Line (Existing) Same

e II -
‘/ﬁ S~ 11 case-2
NJjiro ' S~ 1122k Line
. ~ Case~1 ™~ I skm
32kV Line \"\\ I
14km S~

Kikuletwa No.2
Power Station

Fig. 8.4.12 TRANSMISSION ROUTES FOR
KIKULETWA No.2 PROJECT

(ii) Determination of the Number of Clrcuits

If a 33 kV' line is used, the l4-km distance between the
Kikﬁlétwa'No;HZ Power Station éhd'the'Kiyungi Substation is
sufficient to cause a relatively large voltage drop. To
" reduce this drob, either a single circuit with a large size
: condﬁctor, or a double eircuit with TANESCO's standard con-

ductor, must be used.

A Comparison étudy was, therefore, made for the following two

cases:

Case 1: Single circuit, ACSR 240 mm?-
Case 2: Double circuit, ACSR 160 nm?

The power flow diagram for Case 1 is shown in Fig. 8.4.9, and
that for Case 2 in Fig. 8.4.8. Voltage drops'and

transmission losses for the two cases are as follows:
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Voltage Transmission

Drop (%) Losses (MW)
Case 1 3.7 0.21
Case 2 2.4 0417

{Note) These values are calculated for
the l4~km section between the
Kikuletwa No. 2 Power Station
and the Kiyungi Substation.

Althoﬁgh the constfuction cost for the double-circuit line is
about 30% more than that for the single~circuit line, it was
decided to adopt the former, in order to help ameliorate the

following conditions.

~ The Kiyungi and Arusha substations are located at terminals of
the interconnected system. The ability to maintain
the voltage level is low because of the remoteness from

major power station.

- As these substations are tied to the interconnected system
by a 132 kV long-distance line, their power supply reliabi-

lities are low.
(5) Short-circuit Current

The short~circuit current on the buses, and current flow, are.
shown in Fig. 8.4.10. The maximum values of short—circuit currents
calculated by voltage class in selected séctions of the system, are

shown belpw.

132-kV bus (Chalinze SS) 607 MVA (2.65 kA)
66-kV bus (Kiyungi SS) 121 MVA (1.06 KkA)
33-kV bus (Tanga $S) 130 MVA (2.88 kA)
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Kiyungi

Kikul ) Lanlialie
}Ifll:.uletWO —_I r GGkV—:
Ottt T
& .
' ! fé}’@f/% ‘{— |
09/ I
l
Kikuletwa ! ,
, No.2 _
: |
3 |
_//’ _I .
; ) | :
(Project Area) | | |
| - Nyumba ya
R Mungu
| _ :
o | | __55km € )
_ . | |! @
'(:}M* T 55km “J |
— .
i B2k
Arusha Diesel | | |
. : | u--&—( |
Same
I I —
N
o
75km - | || 100 km _
e | To Hale
 Njiro

Fig. 8.1.2 TRANSMISSION LINE SCHEME
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CHAPTER 9 PRELIMINARY DESIGN

9.1 KIKULETWA NO.1 HYDROPOWER DEVELOPMENT PROJECT -

(REHABILITATION PLAN)

The focus of this Rehabiiftatiou Plan is to utilize, as far as
poséible, the existing facilities, while increasing energy production to as

high a level as possible.

The present power station was constructed about 50 years ago, aud par-
ticulars and drawings for most of the structures and equipment do not
exist, The JICA team, therefore, carried out a field survey and other stu-
dies in 6fder to gain an qnderstanding of the existing principal facili-

ties, so that an optimum improvement plan could be formulated.

9.1,1 Stu'd'y on Water Level of Head Tank

Water is conducted to the head tank from the Kikuletwa and Kware

rivers by means of two canals.

The Kikuletwa Céna_]_. is the main waterway (see the canal profile in
Fig. 9.1.1),' ‘w'hil_e the Kware Canal serves as an aukiliary vaterway.
Because the Kikuletwa Canal is influenced more by the head tank

water level, head tank and intake water levels were analyzed using

step—By“step caleulation methed, for that canal.

L QZ 1 1 Q , 1 + 1 -
=h2‘_‘h1—zb1+zb2+ 22 (AIZ- 2)"-2—(1(2 """"'*Kzz) (X?_"“Xl)

ag? |r\"""--..__‘ s ‘Oé Qz ' o
Zamr L T~ @ [V2tn) (X - Xi)
l ) Y+t 2
J . ] Q2
h cosB '{ By T 17
_'.l - R },’ hz_hzccse
for Xt ' A Y



(1) Calculation Conditions

(1) Using the above equation, the head tank water level and
intake water levels for the Kikuletwa Canal were considered

in relation to the canal's discharge capacity.

(ii) Roughness coefficienf (n)
Shotcrete lining : 0.016
Concrete lining : 0,013

(iil) Cases examined:

Discharge Head Tank

. Capacity " Water Level
Case (cu.m/sec) (m)

1 8.9 830. 30

2 8.9 830.40

3 15.4  830.00

4 15.4 830.10

5 15,4 830,20

6.

15.4  830.30

{(2) Case Studies

The results of caléulations on the conditions given above are as

follows:
Head Tank : Av..Water
Q Water Level Intake Surface
Case {cu.m/sec) _ (m) EL, ({m) Gradient
1 8.9 830,30 830.351 '1/11,935
2 8.9 830,40 .830.428  1/13,214
3 15.4 830.00 830.188 1/1,968
4 15.4 - 830.10 830.256  1/2,371
5 15.4 830.20 . 830.23 1/2,846
6 15.4 830,30 830,412 1/3,304

9--2



(3

9,1.2

Restults

For a head tank water level elevation of 830.30 m, the intake water

level necessary to draw the maximum powef discharge (Qmax = 15.4

cu.m/sec) will be 830.412 m. The crest elevation (830.46 m) of the

existing intake dam is, therefore, sufficient to draw the maximum

power dischérge..

The standard cross sections of the Kikuletwa and Kware Canals are

'trapeZoidai, with.botfom widths of approximately 4.00 m. The

respective canal bed gradients are 1/450 and 1/800, and the ratio of

intake capacity is 1:0.74. Maximum power discharge (15.4 cu.m/sec)

- will, therefore, be supplied when the canal rates are as follows:

Kikuletwa Canal : 8.9 cu.m/sec

Kwdre Canal t 6.5 cu.m/sec

Reinforcement of Canal Cross Section

Although some sections of canals are presently lined with concrete

block, most sections remain unlined. As a result, there are many
places where the side walls have been daméged by water flow and,
1eakages are Qccurring.- The side walls will; therefore, be repairad
at the damaged areas, following which shotcrete protection will be

provided.

‘The canal floors will be cleéhed'of deposited material, treated to

“obtain the désignatéd gradiént,'and then lined with concrete.

: Following reinfqrcehént'and_repair, the existing canals will be suf-

ficient to céﬁﬁey the maximum power discharge of 15.4 cu.m/sec.

Mead Tank

_:=The’existing head tank is to be extended on the east side.

Appurtenant facilities, such as-screen and sand flush gate, are to

“be installed at the front of the penstock inlet.

The head tank Will be repaired'by:placing concrete in the
deteriorated porfions-pf side ﬁalls;-aﬁd léying bedrock on the tank
floor. This will help to prevent water leakage.

9-3



9.1.4

9.1.5

(1)

A side-overflow spillway will also be brovided so that surplus water

can be safely released'at load rejection. The oresent waterway con=-

necting to the spillway will be partially repaired, and will con-

tinue to be used.

Penstock and Powerhouse

The penstock will be one line (inside diameter: 2.5 mj length: 19.7
m) connecting to the powerhouse. The penstock will be installed
underground and protected by concrete. The concrete will_also

prevent corrosion.

A-semi—uhderground powerhouse is to be installed at the left bank of
the Kikuletwa River. The 1ocation was selected to ensure sufficient
distance from existing structures, so as to protect them from damage

during excavation blasting. In addition, the location reduces the

length of ﬁhe'penstock.
Electro-mechanical Equipment

Number of Main Equipment

Kikuletwa No. 1 Power Station (Rehabilitation:Plaﬁ) will utilize a

normal effective head of 12.70 m, and a maximum'poWér discharge of

15.40 cu.m/sec.

The runoff characterisﬁics at this site, are sﬁch_that the dif;
ference between the runoff in the dry season and the_average_runoff
{maximum efficiency point_oﬁ turbineﬁx wéightéd.average power
discharge) is less than 20 percént. There is théfefore'no'concern
regarding the possibility of a large efficiency drop during the dry
season. Furthermore, the proposed output represents onlv .a small
part of TANESCO s overall electric power system in the Kilimanjaro
region, so that an outage at this site would have little influence
on the overall power system. For these two reasons, a single tur—

bine of 1,600 kW rated capacity was chosen as the mailn equipment.
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(2)

(3

Selection of Main Equipment

A propeller-type turbine is most suited to satisfying the basic spe-
cifications described above. Such turbines may be classified,
according to their mechanical.aépects, as tubular turbines or Kaplan
turbines. Tubnlar‘turbinés may be further diﬁided into S—type and
valve-type. For reasons of economy and ease of operation and main~
tenance, a horizontal-shaft S“fype tubular turbine with fixed-blade

runners has been selected for this site.

The specifications of the main eledtro*mechéuical equipment are as

follows:

(1) Tdrbiné
Type : Horizontal—shaft,'cylindrical pro-
' peller, S—type tubular turbine
Number of units’ : 1 unit

Normal effective head: 12.7 m

Maximum discharge : 15.4 cu.m/sec
Rated capacity : 1,600 kW |
Speed ¢ 375 rpm

(i1) Generator
Type ) _ I Bﬁphase, AC, synchronized generator
Number of units : 1 unit
Capacity : 1,750 kVA
Frequéncy : 50 Hz

(ii1) Main transformer

' .'Type ) : ¥ butdoor, 3-phase, self-cooled
Number of units - . | ﬁnit
Rated capacity 1 1,750 kVA

Voltage : + 11/33 kv

Powerhouse

. The powerhousé is td'be a semi-underground structure. .Its planned

‘location is_immediately'downstream of ﬁhe ekiéting powerhbuse. An

overhead travelling crane'will_be put in place to edable erection,

. and one (1) unit of main equipment, as well as auxiliary equipment

‘will be installed.
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(4)

Connection of Main Circuit

The main circuit, as shown in Fig., 9.1.2, will have an 11 kV bus
connected to the circuit breaker for the generator, and utilize a
station service transformer. Counection between the 11 kV bus and
the outdoor main transformer will be by 11 kV CV cable, approxima-
tely 100 m In length. From the standpdint of receiving an emergency
power supply, it will be necessary to consider means for receiving

power from an existing distribution line.

Outdoor Switchyard

A new switchyard is to be constructed adjacent to and on the

upstrean side of the existing switchyard.

A Dead—-end steel structure for the 33 kV transmission line, a 33 kV
circult breaker and disconnecting switch, 1lightning arresters, pro— -
tection devices, an instrument transformer, and a main transformer

are to be installed.

The comnection to the existing 33 kV transmission line is to be by

an 11 kV GV cable of about 100 m in length.

9.2 KIKU:LETWA NO.2 HYDROPOWER DEVELOPMENT PROJECT

9.2'1

(L

Intake Dam

.Selection of the Dam Site

The dam site will be approximately 2.2 km doWnstream of the'existing
Kikuletwa No. 1 Hydropower Station. This site, which includes the
area of the regulating pond area, is optimum site from the stand- '
point of the geological structure (as described in Chapter 4). ‘The
slope of the right bank is comparatively steep, wh;le.left bank’

slopes gently, at about 1/7.

" In order to maintain the function of the regulatiﬂg“pohd,'a sand

flush gate will be'ihsfalled to remove suspended loads whic¢h flow in
during floods. The_inflow'aﬁ the intake dam site (described in

Chapter 5) exceeds the 17.9 cu.m/sec maximum power discharge for
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(2)

about é5‘days In an average year. The surplus water will be

discharged downstream by the sand flush gate. This operation will

enable the release of sediment deposited in the regulating pond.

Annual Sedimentation in Regulating Pond

Methods for prediéfing sediment inflow and deposifion amouﬁts in a

regulating pond are as follows:

(1)

(11)

Prediction of an annual average sedimentation using an
empirical formula based on surveys of exiéting reservoirs and

fegulatiﬁg-ponds.

This method éannct.be applied in this case, as there are no
records of sedimentation measurements at the Nyumba ya Mungu
Reservoir, which is downstream of the proposed site of the

Kikuletwa No. 2 Hydropower Development Project. WNor are

there any sedimentation measurement records for the intake

dam of:thé existing Kikuletwa No. 1. Hydropower Station, which

is immediately upstream.

Method of cowmparison with known annual average sedimentation

in similar river basin

This méthod:is'élso ihappliééble, as no measurement records .
are avallable on annual average sedimentation at other river
basins with similar geology,. topography, vegetation, and pre-

cipitation. However, a group of U.5. geologists {(Witzig,

-BrUﬁe;Allen, Brown~Jarvis, Churchill, and Borland) have

derived the following.geﬁeral_equation from sedimentation

data of storage reservoirs where there is a mixture of bed

load and suspended load.

qS:# K’(C/F)O'sﬁg_':'

-~ where, qSi-=average-annual seﬂiméqtation ratio (cu.m/sq.km/yr)

. C 1 storage capacity (cu.m) -
F : catchment area {sq.km} "

K : -0.501'as-avérage.va1ue

Applying this .equation ta the present site results in the

following estimate:
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208,875 0569
= o
qg 0.501 % (_——J2.280

It

6455 cu.m/sq.km/fyr

6.55 x 2,280 = 14,934 cu.m/yr

Qs

(111) Y¥stimation of annual sedimentation using measurement data of
suspended loads and daily average discharges at gauging
stations near dams of storage reservoirs and regulating

ponds.

As described in Chépter 5, the éﬁspehded load of the
Kikuletwa River in the average year of 1970 was estimarted,
based on the relation between diécharge'and suspénded'lbad

at the Weru-weru River Gauging Station (No. 1DD 5A), at
24,505 cu.m. This cofresponds to 11,04 cu.m per square kilo-

meter annually.
The average sedimentation_rates of (ii) and (i11) are fairly close.

(3) Trap Efficiency

Trap efficiency refers to the settling of sediment flowing'into a
regulating .pond. The relationship of trap efficiency and total
storage capacity/total annual inflow has been expressed by Brune as

shown in Fig. 9.2.1

Fig.9.2.0. TRAP EFFICIENCY AS RELATED TO CAPACITY-INFLOW

RATIO ' _ :
fg e
v
80 | 4/)
5 : e -
T /A
-] . .
& 60 ! -
gy 1AL ponded C:JévsgrsggrmrM|
- S LA T |
g% /Z /7 |/ =bwelope curves for . -
8 0 : ~tnormal ponded reservoil
v / / 1.1 g i
20
10 ?/ // /' .
o ‘/ / _ ; }
0001 0002 Q005 OO QOZOC300SOOTAl 02043 6SQ7 1 203 S 7T W

Copocity - inflow ratlo, cera - faet tapockty focrs - leqt onnuci Inflow

Source : From Ven Te Chow, "Handbook of Appiied Hydrology ;
pp. 17-23, Mc Graw-Hill Book Compony, New York, 1964



(4)

- (5)

The trap efficiency of the regulating pond of the Kikuletwa No. 2
Hydropower Development Project, based on Brune's relationship
diagram, gives

Capacity-inflow ratio = 208,875 cu.n = 0.0005,

410,587,700 cu.m.

indicating that the value of storage capacity/total annual inflow is
very small. Sediment volume is vety small on the upstream of the

intake dam of the existing Kikuletwa No. 1 Power Station (which has

been 1in operation for 50 years), which is located upstream. Based

on these considerations and on the actual conditions, it is esti-
mated that the amount of settlement in the regulating pond will be

small.

This estimate is further supported by the fact that, although the
station has been operating for about 50 years, the sediment-induced
abrasion of the turbine runners is very small. This seems to indi~-

cate that the gediment amount is also very small.

Results of Examination

It is assumed that the flow of sediment into the regulating pond

occurs mainly during the flood season.

In the rainy seasons, and especially when the inflow exceeds the
maximum discharge, the sand flush ‘gate adjacent to the intake struc-
ture will be opened so that floods will be discharged to the -
downstream of the intake dam. This operation will flush away the
sediment deposited in front of the intake dam, so that,-the'effeé—

tive storage capacity of the regulating pond will not be impaired.

 Height of Won-overflow Section of:Dam

The height of  the non- overflow sectlon of the dam is obtained by the

following equation: -
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Design water level is normal high water level

hf=hw+he+ha

Design water level is design flood water level

hf = hw
The larger of the two values above is to be adopted,
where,

hg s addition to required water level (m)

hg: wave height'due to earthquake (m)

hy,: wave'héight‘HUe to wind (m)

ha: addition depending on existence or:hbn—existence of

spillway (0.5 m)

a) Wave Height due to Earthquake

Kt
‘he = 1/2 ?;“MgHo
where,

k : horizontal seismic coefficient (0.12)
v : period of seismic wave (1.0 sec)
H,: water depth of regulating pond from normal

high water level (8 m)

9é33;¥—il9»x VIB X B = 0.17 m

he = 1/2 x
b} Wave Height due to Wind
H, = 0.0086 v1.1p0.45

" where,

F: fetch (= 50 m)
V: 10-minute average wind speed (30 m/sec)
H, = 0.0086 x 3011 x 500445 = 0,021 u

gfiU



¢) Helght of Non-overflow Section

Where design water level is normal high water level

‘hy + hg + by _
0.21 + 0,17 + 0.50 = 0.88 m

hg
hg

#

821.00 + 0.88
821.88

Flevation of non-overflow section

it

Therefore, the height of the non-overflow section is 822.00 m.
(6) Overflow Section

The discharge formula for crest configuration of standard shape is

as follows:

Q = cau3/2

Hy 0.990

cq = 2.20 - 0.0416 )

where,

qQ: design_flbod discharge (300 cu.m/sec)
' C: discharge coefficient _ '
B: 1éngth of overflow crest (28 m)

H: overflow head-
Hd: design head (m)

W: height of dam (6 m)

Cd:.discharge coefficient at H = Hy

' Assuming a discharge coefficient of C = 2,20,

Q 2/3

By, = GG =287 m

;  Hg 0.99
gy = 2420 - 0,0416 (=) = 2.181
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(7)

9,2.2

/3

2
S D A
By " Gl 2.89 (m)

fi

| Hy 0,99
Cq = 2.20 = 0.0416 ) = 2,181

Therefore, the discharge coefficient at design head Hq = 2.8% m will
be Cq = 2.181. COnsequeﬁtlyg the overflow wéter depth is 0 = 2.90 m,
Hence, the elevation at time of flood is 818.00 + 2,90 = 820,90 3
821.00 m.

Diversion Scheme During Construction

During construétion;.the Kikuletwa River runoff is to be released

through a diversion channel in the riverbed.

The most ecconomical diversion scheme would_bé to release water

through the sand flush section located at the left abutment.

The flood discharge during construction will be for the 3-year

return period flood of 65 cu.m/sec. The height of the upstream cof-

ferdam will be EL. 814.00 m.

The reiationship between the volume of discharge through the sand
flush gate and the reguléting pond water level is shown in Fig.

9.2.2.

Intake

The intake is designed in a direction perpendicular to the dam axis.
in other words, the direct inflow of sediment from the regulating
pond that would occur if water intake ﬁere-parallel to the river

will be avoided.

Since the water is to be conducted by a non~pressurized waterway, as
described in the foliowing section, the inflow will be regulated '
using the intake gate. 1f ccntinuous.inflo@ exceedé thé_méximqm
power discharge duriﬁg the fainy season, howevéf,'the flood water

will be discharged downstream through operation of_the'éand:flush

gate.,
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9-2.3

The bed elevation of the intake is to be such that thé maximum
discharge of 17.9 cu.m/sec can be drawn even when the regulating
pond water level is at its minimum of EL. 816.00 m. In order to
enable drawing of the headrace is designed to assure a water depth

of 2.80 m, so that the headrace bed elevation will be 813.20 m :

Bed elevation of headrace = 816.00 - 2,80 = 813.20 m

Headrace

The headrace route will be through the comparatively flat

tableland on the left bank of the Kikuletwa River.

As described in Chapter 4, the geology in this vicinity consists of
thin talus deposits (not more than 1 m) and basement rock of hard

tuff breccia.

A 1/5,000—$6ale aerial photographic map was used to select the
headrace route with the least risk of sliding.. The longitudinal
profile of the selected headrace route shows that. the rock cover
from the ﬁeadrace béd to the ground surface for a section of about
2.2 kn from the intake will be 10 to 18 m. Drilling at this section
revealed that the groundwater table is high, so that the headrace

must ééss through a zone below it (see Fig. 4.3.2).

The use of a tunnel for this section was considered, but tunnel
construction could face unforeseen difficulties connected with the
handling of the grouﬁd water duriﬁg tunnel excavation, and because
of the thin rock cover. To enable safe comstruction within the
scheduled périod, therefore, open excavation will be applied to this
section, and the headrace will be a culvert. The 1,050 m long sec-~

tion having a rock cover of less than 10 m, will be an open canal.

. The hydraﬁlic characteristic curves for open canal and culvert are

shown in Figs. 2.2.3 and 9.2.4.
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9-2‘4

9.2.5

9.2.06

Head Tank

The configuration of the head tank was planned for a flow velocity

of Vyay £ 1.0 cu.m/sec inside the tank.

To achieve a smooth transition to the penstock, the 3-meter section
prior to the penstock will be tapered, as seen from above. A
control gate will be installed at the penstock entrance to enable

inspection inside the penstock.

The longitudinal configuration 1s based on the fact that the head
tank's bed elevation, gradient, and other features have been planned,
with econsideration to the inflow velocity, the effective water depth

at the penstock entrance, and the hydraulic conditioﬁs.

A 16-m long side-overflow spillway is plaﬁnéd for the.léft side of
the head tank, so that the maximum power diScharge of 17.9 cu.m/sec
can be released at load rejection of the power station. The
overflow water depth will be 0.70 m. The spillway cross section

will be 2.4 m, and the gradient 1/10.

Penstock

To facilitate its construction and maintenance, the penstock will be

installed on the ground surface. The penstock is to be of welded
steel pipe. The upper part will be one line with an inside diameter
of 2.6 m; the line will bifurcate immediétely before enﬁerihg the
powerhouse. The pipe shell material will be SM 41 (JIS) or

equivalent.

Both sides of the penstock will be excavated to a slopé of 1:0.5 and
protected with shotcrete. At the connection of powerhouse and

penstock, the pipes will be embedded in concrete and backfilled with

earth.

Powerhouse

A surface powerhouse will be constructed on the left bank of the
Kikuletwa River. The powerhouse will hold two units of turbines and

generators, with tatal output of 11,000 kW ar the maximum discharge
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(2)

of 17.9 cu.m/sec. The elevation of the turbine center will be EL.
729,40 m, a value determivned in consideration of the tailrace water
level (EL. 730.90 m) and the draft head. The elevation of the erec—
tion.bay will be EL. 736.00 m determined in comsideration of the
flood water level (EL. 735.00 m).

The access road to the powerhouse, and the erection bay, will be
at EL. 736.00 m.

Electro—mechanical Equipment

Selection of the Number of Main Units

The Kikuletwa No. 2 deropower Development Project is expected to be
an important.pOWer supply éourcé fér the ArushaﬂKilimanjarb Region.
In consideration of the river runoff conditions at the site, it has
been decided that two (2) units will be used, so that maximum energy

can be produced.
Selection of Main Equipment

The specific speed of a turbine is expressed by the following

eguation:
g . n x pl/leS/Iﬁ
where,
' nsi‘séecific Speed (ﬁ;kW):

H: effective head (m)

n: rotatiﬁg speed (rpm) _

p: waximum output -(kw) at effective head H {(m)
p = 9.8 x 8,95 x 78.2 x 0.84 = 5,761 kW

The applicable maximum specific speed of a Francis turbine

is:

N <_20!000 + 30

smax X[ + 20 -

= 234 (kW)



The rotating speed of the turbine at this time is:

L Nepay W 54,4157
s o172 75.9

= 716.% (rpm)

The turbine's rotating speed should therefore not exceed 716.9 rpm.

The Synchronized rotating speed of the generator_direttly cbupled to
the turbine is 600 rpm, the standard applicable rotating speed at 50
Hz. The specific speed (Ng) of the turbine under such conditions

will be as follows:

1/2
Ng = N x ~e.2574 196 (m-kW)

As Fig. 9.2.5 indicates, a Francis type best complies with this

specific speed. .

Specific speed {m-kW) _
P 200 400 600 800 1000
L

I 1

HE— Pelton turbine 12 SN2 25

| CONEPNERERSE - Froncis lurbine 60 S Ns S 300 —

| SEDERMGEE — Cross flow turbing 40 S Ns £ 200 ——

Propeller turbing 250 = Ns = 1000

Fig. 9+2.5 Range of Specific Speed by Turbine Type

The specifications of the main electro-mechanical equipment for the

Kikuletwa No. 2 project site are as follows:

(i) Turbine

Type _ Vertical-shaft.Francis

Number of Units 2

T

Normal effective head : T78.2 m



(3)

(&)

Maximum discharge : 8.95 cu.m/sec per unit
Rated capacity t 5,800 kW per unit
Speed : 600 rpm

(i1) Generator

Type : 3-phase, AC,

' synchronous generator
Number of units 22
Rated capacity i 6,500 kVA per unit
Frequeﬁby : 50 Hz

(iii) Main Transformer

Type ' : Outdoor, 3-phase, air-cooled
Number of units t 2
Rated capacity : 6,500 kVA per unit
Voltage i 11/33 kv
Powerhouse

The powerhouse building, as ghown on Dwg. No. 9, is to be aligned in
parallel to the Kikuletwa River. - The Building will be 37.50 m long .
and 11.00 m wide. Space will be provided for a control room, two
units of main eqﬁipment, an erection bay and overhead travelling

crane, 11 kV switching equipment and auxiliary equipment.
Main Circuit

The main circuit is shown in Fig. 9.2.6. A low-voltage synchronized
system.fof pafaliei—in of the generator is to be adopted.tb ensure

supply of station service poﬁer.

The main transformer will be of an outdoor type and will be

installed in the outdoor switchyard near the head tank.

The powefﬁbuSe'and switchyard are to be connected by two circuits of

ll-kv overhéad line.
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9.2.8

9.2.9

Outdoor Switchyard

The outdeoor switchyard is to be constructed at a fléf'épace_close

to the head tank, The main transformer, 33 kV switching equipment,

protection devices, and instrument transformers are to be installed

in the switchyard. (See Fig., 9.2.7.)

Operation and monitoring of the switchyard will be performed at

the control board in the powerhouse,

Transmission Line

The 33 kV transmission line facilities to be newly constructed are

outlined below:

Line Voltage:

Electrical System:

Frequency!
Conductor:
Shield Wire:

- Insulator:

Line length:
Support:

33KV

3—phase 3-wire

50 Hz _

Wolf (Corresponding to ACSR 160 mm2)
GSW 30 mm?

33 kV pin type insulator

(for the_tangent'type supporkt, and for the

jumper wire'on,the angle/dead—end support)
Diameter 250 mm Suspension type insulator,
3 pcs pef one string o

(for the angle and dead-end support)

14 kp

Wooden pole, double—circuit verticél.

arrangement

Fig. 9.2.8 shows typical 33 kV transmission line structures for

double-circuit arrahgement.
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Fig.9.2.6 SINGLE LINE DIAGRAM OF KIKULETWA No2 PROJECT
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CHAPTER 10 CONSTRUCTION PLAN

104 GENERAL

The installed capacities of the Kikuletwa No. 1 and No. 2 hydropower

development'projects will be 1.5 MW and 11.0 MW, for a total of 12.5 MW.

The electric power generated at the two sites will be supplied to meet the

demand in the Kilimenjaro and Arusha regions. The targeted commissioning

times are as follows:

Kikuletwa No. 1 commissioning: 1991

Kikuletwa No. 2 commissioning: 1994

The construction plan is scheduled so as to meet these targets.

10.2 TRANSPORTATION ROUTE AND METHOD OF HAULING

10.2.1

(1)

Traneportation Route
Existing Roads

The Kikuletwa No. 2 Hydropower Development Project calls for the
construction ef an intake dam 2.2 km downstream of the existing

TANESCO Kikuletwa Power Station, and for construction of a

‘powetrhouse 6 kn downstream.

A 350—km trunk highway runs from the port of Tanga to Moshi, via
Hale and Same, a 40-km road runs between Moshi and the ex1st1ug
Klkuletwa Power Station, v1a the village of Kifura. The road sur-
faces, however, have not been adequately maintained. In par-
ticularly,'lt will be necessary, before the start of constructlon,
to repair the road base of the road running from Moshi to the
existing Klkuletwa Pover Station,_ The road condition will be an

important factor in the overall work schedule, so that repair

_ehouldrbe_performed as_quiekly as practicable.
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(2)

10.2.2

New Road

At present, there is no road between the existing Kikuletwa Power
Station and Kikuletwa No. 2 Project site. A new road of about 6 km

in length will therefore have to be built.
Method of Hauling

The construction of the Kikuletwa No. 1 and.No. 2 power stations,
and'related.transmission and transformation facilities will.require
the hauling in of construction materials and equipment, hydraulic
equipment {gates, penstocks, etc.), and electro-mechanical equip-

ment (turbines, generators, etc.).

The longest and heaviest construction items are assumed to be the

following:

Heaviest Article Longest Article
Kikuletwa During Construction
No. 1 Project

Breaker

Approx. 15 tons

-Generating equipment

Generator rotor Penstock pipe
Approx. 8 tons Approx. 6 m
Kikuletwa . During construction
No. 2 P
© roject Bulldozer

'Approk. 20 tons

Genérating.equipment _
Generator rotor Travelling crane

Approx. 18 tons - Approx. 9 m

The transport plans are described below:
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(1)

(2)

(3)

Imported Heavy Articles

Most of the_imported materials and equipment, including the
construction machinery, will be landed at Tanga Port, on the
Indian Ocean. Trucks and trailers will be used for transport from

the port to the site.
Imported Light Articles

Lightwelght equipment and components will be flown to Kilimanjaro

Airport, and then transported by road.
Domestically Procured Materials

Materials and equipment which can be obtained domestically will
be procured at Arusha and other cities, and transported to the

site. .

10.3 ELECTRIC POWER FOR CONSTRUCTION

(1)

(2)

Kikuletwa No. ! Hydropower Development Project (Rehabilitetion=P1an)

The power required for project construction is estimated at about

.1,000 kW. This power could be taken from the existiﬁg switchyard,

or else diesel generators could be installed. The former method
would be cheaper - but because of the instebility of the region's
pover eupply, it is not dependable. Diesel generators should there—

fore be used, to assure adequate supply.

Installatlon of four portable diesel generator units with eapac1t1es

“of 250 kVA - is considered the best plan.
'Kikuletwa No. 2 Hydropower Development Project

The maximum power supply capacity required for constructlon is egti-

mated to be about & ,000 kW. To obtain this electric power, the

33 kV transmisgion line-and switchyard can be constructed in advance
of the main work and can then be used as temporary facilities. The
transmission 1ine nust therefore to be completed before the main

construction work starts.
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10.4 CONSTRUCTION METHODS FOR VARIOUS FACILITIES

10.4,1 Kikuletwa No. l Hydropower Development Project (Rehabilitation
Plan)

(1) Preparatory Work

In addition to road construction and repailr (see Section 10.2.1),
it will be necessary to build a'TANESCOIfield office, accessory
buildings, materials warehouses, repair shops, etc. Plans call for
constructing these facilities either at the same time or imme-

diately following the carrying out of the necessary road work.

(2) Concrete Plant

About 4,000 cu.m of concrete will be required'for.the canals, and
about 3,000 cu.m for the head tank and powerhouse. Because 1t has
been determined that the material excavated at the site will con~
tain very little material suitable for concrete aggregates, a
suitable quarry will be selected in the vicinity of the project

site.

An aggregate plant will be located on the right bank of Kware

Canal.

Based om the concrete placing schedule, the économically préferred
capacities of the aggregate plant and the concrete.plant_areIIO

ton/hr and 10 cu.m/hr, respectively.

(3) Air Compressor.

Both stationary and portable_coﬁpreSSOrs will be used to supply the
compressed alr required for the construction. The stationary
compressors will be of capacities suitable for the head tank and

powerhouse sites; the portable compressors will be used for the

other work.
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(4)

(5)

(6)

(7)

Water Supply Facilities

Water for construction use is to be pumped in from both the
Kikuletwa and Kware'rivers, and held in storage tanks. The stored
water will be supplied to the canal, head tank, penstock, and
powerhouse construction sites, and also to the aggregate and the

eoncrete plants.
Other Facilities

A field shop for the penstock, and other facilities, will be provided

in the project area.

Canal

Before the beginning of canal repair work, repair will be made to

the existing intake gates at the Kikuletwa and Kware canals, and to
the sand flush gates at the intake dam. -Water will be removed from
the eanals,'tne side slopes which have slided wiil be repaired and

reinforced with shotcrete, and the canal bottoms will then be exca-

vated.

The excavation volume will be about 4,500 cy.m, and excavation is
to be completed within about 5 months. The heavy equipment
necessary for this work will con51st of breakers, small size

bulldozers, shovels, and dump trucks.

Envert concrete wiii be placed ‘as soon as the bottom excavation is
completed. Concrete work is to be completed'within approximately 3

months.,

Concrete will be placed in blocks of 15 m.

Head Tank

The exuavation volume for the head tank will be'appruximately 2,000
Cu.m, and_excavetion is to be completed witnin'about 2.5 months.

In order to protect existing structures close to the work site from
damage, equipment such as breakers will be used for rock excava-
tion. Deteriorated concrete’ in the existing structure is to be

removed and- repaired by shotcrete, followed by concreting of the

invert.
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{8) Penstock and Powerhouse

Since the penstock and powerhouse are located close to each other,
excavation for the penstock is to be perfdrméd from the top towards
the powerhouse. Excavated trock is to be hauled to a spoil bank on
thé right side of Kware Canal. The powerhouse foundaﬁidn will be
excavated to a depth lower than the river bed. it will be
necessary to construct a cofferdam about 3-m high at the tailrace

prior to starting excavation.

Foundation concrete and side-wall concrete will be placed first.
Obstacles around the powerhouse will be removed to permit the

hauling of generating eqﬁipment.

The tailrace is to be constructed together with the‘powerhouse.

10.4,2 Kikuletwa No. 2 Hydropower Development Project
(1) Preparatory Work

As mentioned in Section 10.2.1, preparatory work will include
construction of a 6-km access road to the No. 2 powerhouse, which
will connect to the end (Kawaya Dispensary'site) of the'foad that
runs between Moshi and the Kikuletwa No. l_Pfoject site.
Maintenance and repair of the existing roads will also be carried
of during this construction period. In addition, TANESC@, site
offices and accessory buildings, warehouses;.repair.shdps, etcs,

wiil be necessary, at both dam sites and powerhouse sites.

(2) Conecrete Plant

Plans are for concrete aggregates to be manufactured at an aggre-
gate plant to be placed about 1 km downstream of -the powerhouse

site. Rock excavated at the canal will be used as the raw material

for the aggregates.

The concrete plant will be placed near the agg;egaﬁe plént.
Concrete will be supplied to the various work sites usiﬁg transit

mixers of 3 to 4.5 cuem. in capaéity.



(3)

(4)

(5)

(6)

Based on the concrete placement schedules, the required capacities
for the aggregate and concrete plants will be 50 ton/hr and 25

cu.m/hr, respectively.

Air Compressor

' ﬁoth stationary énd'portable compressors will be used to supply the

compressed air required for construction. Stationary compressors
will be installed at the intake dam, head tank, penstock, and
powerhouse sites. Portable types will be used at the other work

sites.
Water Supply Facilities

Water for construction is to be pumped in from the Kikuletwa River

rand held in storage tanks..

Water for the aggrégate and concrete'plants is to be pumped in

directly from the Kikuletwa River,
Other Facilities

Gther facilities, such as a motor pool and a penstock field shop;

will be ﬁrovided on tableland near the project site.

Intake Dam

The intéke and ‘sand flush structures on the left bank will be

constructed first. After embankment of a cofferdam, the sand flush
structure will Be'dtilized as the divérsibn channel. Once the

river flow is directed through this ¢hannel, the foundation for the

overflow section will be excavated, followed by conerete placement

of the daii.

Excavation for the dam foundation will be total of 7,500 cu.m and

Cwill Ee completéd'within 6 months. The concreteé volume to be

-...placed is 4,100 cu.m; concrete placement.is also scheduled to take

about 6 months.
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(7)

(8)

(9

Headrace

The headrace construction will goVern the construction schedule for
the entire project. Excavation will be divided into open canal and
culvert sections, and work at beth will commence simultaneously.
Because some of the excavated rocks are to be utilized as concrete

aggfegate, the excavated material will be hauled to the aggregate

plant.

The excavation volume is 323,500 cu.m, and the excavation is to be
completed within 2 years. The heavy equipment required consists of
15-ton class breakers, shovels with bucket capacities'of 1.5 to 3.0

ctt.m, 18-ton class dump trucks, and 15~ton to 20-ton class bulldo-

‘ZEerS.

Roads of sufficient width and géntle'giadient should be constructed

along the canal to permit trucks to pass.

When excavation is completed, concrete will be placed. Steel slip-

forms will be used for conductihg placement.

Head Tank

Excavation for the head tank will be performed following the
completion of excavation for the open canal. The excavation

volume, including the spillway, will be 7,500 cu.m. The excavation

‘work is to be completed within about 5 months. Concrete will be

placed as soon as excavation is completed.

Penstock

As the bottom portion of the penstock 16 a steep siobe, it will be
impossible to perform work at the powerhodse below-the penstock
during this excavation. Excavation is therefore to be divided into
two parts — that for the gentler sloped area and that for the
steeper area — with consideration to the schedule for installing

the penstock pipes.
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(10) Powerhouse

Excavation for the foundation is to be started as scou as excava-
tion of the steeply-sloped portion of the penstock is complete.

Concrete placement will then commence.

Before the starting of excavation, it will be necessary to

construct a cdfferdam on the left bank of the Kikuletwa River.

No special problems are anticipated during'the powerhouse construction.

10.5 CONSTRUCT!ON SCHEDULE

Construction times for the Kikuletwa No. 1 Hydropower Station
(Rehabilitation Plan) and the Kikuletwa No. 2 Hydropower Station are anti-
cipated to be 15 months and 48 months, respectively. The construction work

schedules are shown in Tables 10.5.1 and 10.5.2.

10-9






Table 10.5.1 CONSTRUCTION SCHEDULE OF KIKULETWA NO.1 HYDROPOWER PROJECT (REHABILITATTON)

2nd Year

It . _ lst Year
Lem Quantity . S - _ .
1] 27 3] 4] s 6] 71 8} olvoJiil12| 1] 2] 3] 4] 5] 6] 7] 8] 9J10f11] 12
Access Road L.S Qe o
Preparatory _
Works Camp and Others L.S O=— Qe o]
50m? /day
Excavation Com. 3, 530m3 Q=g 0
_ ' Preparation 20m3/day
" Rock 920m3 T o
' : 50m3/day
Headrace Concrete 3,100m3 D=t o
10m3/day
Shotcrete 800m3 Q= o
Others L.S
Excavatioun Com. 400m3 o==—0
: QOmSIday
" Rock 1,320m3 Qmmr—— o .
. 20m3/day
Head Tank Concrete 1,100m3 O ———— o
Hydraulic Equipment L.S o—=--0
Others L.S Q= ——— o
Excavation Com, 500m3 o~~~0
: _ 1,10003 /month
" Rock 4,400m3 O e o
Powerhouse, Backfill 1,800m3
Penstock and ' Foundation
Taiirace Coacrete 1,660m3 Q= o
' 20m3 /day
Penstock Liner L.S o=——0
Hydraulic Equipment L.S To—-=
coffer dam
Others L.§ Qrmem——— o===0
' Preparation
_ : Turbine & Generator, Test
: Turbine, Generator L.5 T AEe okt L o
Electro- . : Main Trans,, Switchyard Commerical
Mechanical Trans, Switchyard L.S 0~=-0 Operation
Equipment : ‘

Others
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Table 10.5.2 CONSTRUCTION SCHEDULE OF KIKULETWA NO, 2 HYDROPOWER PROJECT

2nd Year

: lst Year 3rd Year
Item Quantity 1 2173 47 51 61 71 8] 9 o111z VL 2 [ 3 A 5T 6 7 8T 9T i0 11 Yl 2] 3] 4T 5T 6] 71 81 916 TiTT
Preparatory Access Road L.S o
Works
Camp and Others L.8 | pemeenn - o
Coffer Dam ‘L.8 Q= 0 o e e o PR
: ' : "1, 500m3 /month
Diversion Dam Excavation 7, 500m3 Q=i i e o :
Wier 800m> /month
" Conerete 4,100m3 O e e e o
Gate &
Hydraulie Equipment L.S (e aim e
. 550m3 /day
Open Excavation 323, 500m3 L -0 - i ———— e e e — —— o
: Preparation [ 15,000m3/month l
Backfill 282, 300m3 : o R e ———
_ - | 780m3 /month |
Headrace Coancrete 17,980m3 B i T e e e e e e e e e e e e e - -
. 110m3 /month
Shotcrete 750m3 O e e e e o
Others L.s: o ————p
_ _ . 50w~ /day
Open Excavation 7, 500m3 i VPR o .
. 15m3/day
Concrete 2,300m3 O s e e
Head Tank o
Hydraulic Equipment e e
Others L.S
_ : ' loomj/day
Open Excavation 28,400m3 Q= n— —-—n - o
30m3/day P
Concrete 4,200m3 O o
o 10m3/day
Penstock Shortcrete 500m3 _ D iy
. e Instal
Penstock Liner L.S ; Qi e s e e
} Preparation
Others L.S : O e e e e o
Coffer Dam L.S L o :
100m3/day :
Powerhouse Open Excavation 11,600m3 O=== —— o N
and Tailrace ' ' Foundation & Wall |- Pier & Slab Draft Spiral Bar
Concrete 4,600m3 Qm——- O == e e o ——— e Lo e ———p Q=m0 R T o O—nd
_ Preparation  50m3/day 30m3/day Tube
Others 1.8 ' : o=—=0
Preparation
' D : : . Turb i
.Turbine, Generator L.8 Y — o P —— -0 O e ]
Electro- ' _ Draft ‘Spiral
Hechanical Trans, Switchyard L.8 Tube Case
Equipment : .
Transmission Line L.S 0 ————— o




'RUCTYON SCHEDULE OF KIKULETWA NO.2 HYDROPOWER PROJEGCT

lst Year e - 2nd Year 3rd Year Lth Year
sl a4l s{ 6l 71 8] 90w ia | 1] 21 31 &l 5] 6] 7 B[ ooy il iz} 1] 2| 3] 4l s 6] 71 8] of10J11Td2) 1] 2f 3] a1 57 6] 7] &1 910112 1] 213
. o
_________________ 5
Qs o S L 0 :
"1, 500m> /month ~1,500m3 /month
Q= st i e o e o
800m3 /month 800m3 /month
e S : Omemmmrr e o
Gate & Screen, ete.
——————— o
550m5/day
Qm——p=—— ————0 — - —— - - - —-— o
Preparation | ] 15,000m3/mdnth I
O o T e e e Mt 20 ——— =ttt I's}
| 780m3 /month I
o - e et e T —— - o
110m3 /aonth :
Q= T e e et o
o e e e e e o
S0m” /day
P e e o}
15m3/day
Qe e e e e o
Qe e o
100m3/day )
o - e e e o _ Anchor Block, ete.
30m3/day 0 _ -
P o | ;
10m3/day
Qromm R
Installation
o~—0 m——————— ~ o Qm——m——— o
Preparation ‘
Do nleang
O ——— o
100m3/day _ _
: Foundation & Wall Pier & Slab Draft _ Spiral Barrel Slab
B B R T iis st o==—=0 T g—— o-- o o
Preparation 50m3/day 30m3/day Tube :
: : o—==0
Preparation ° L
T -Turbine & Generator - Test
=== 0 Q=—z—=——p O — e e i - Qe e Q=%
Draft Spiral .Main Trans., Switehyard Commercial
Tube Case 0 - ———( Operation
_______________ o
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CHAPTER 11 CONSTRUCTION COST ESTIMATION

1.1 ASSUMPTIONS AND CONDITIONS

The construction costs for the Kikuletwa No. 1 and No. 2 Hydropower

“Stations were calculated on the basis of the following assumptions and con-

ditions.

(1)

(2)

(3>

(4)

(5

(6)

The construction cost covers the following items: preparatory work,
civil work, hydraulih equipment, electro—mechanical equipment,
transmission and transformation facilities, engineering and admi-

nistrative costs, and contingency.

The construction cost was calculated based on data for similar
projects undertaken in Tanzania. For some of the work, the costs for

similar projects in other countries, including Japan, were also

referred to.

The exchange rate used was 93.56 T.sh per US$1.00,.which was the rate
as ‘of March 1988, ' '

Engineering and administrative costs were calculated at 10 percent

of the direct construction cost.

Contingency was calculated at 10 percent of the direct construction

cost plus the adminiétrative cost.
Land Acquisition Cost and Compensation Cost

All the civil work, appurtenant facilities, transmission lines,'and.

_substations will be on state—owned lénd, so that acquisitiqn costs do

not apply. As the construction areas are presently uncultivated or
unused, compensation for crops or houses will also be unnecessary.
Any required compensation for damaged crops or other such matters

will be quite small, énd will be covered by the coatingency.
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12 CONSTRUCTION COST ESTIMATION

11Q2ll

(1)

(2

(3)

(4)

Direct Construction Cost

Cost of Preparatory Work

Facilities which must be prepared before construction wofk starts
include access roads, TANESCO's accommodation facilities (including
field offices and camp faeilities), detailed investigation wdrk,
matériéls testing, and electric power facilities for the construc-—
tion. The costs of all of the above are included in preparatory

work cost.
Civil Works Cost

The quantities for estimating construction were estimated based on

the drawings in Chapter 9, Preliminary Design.

The unit costs for eivil work were calculated by referring to
TANESCO's data on labor costs,.matefials costs, and unit rates for

similar work.

Domestically produced construction equipment, materials, cemenf,
aggregates, lumber and miscellanoues items will be used to the
greatest extent possible and insofar as quality allows. Steel
materials (reihforcing bars, steel forms, etc) and construction

machines will be imported.
Hydraulic Equipment Cost

Gates, screens, and penstocks will all to be imported from abroad.
The costs for these facilities were estimated based on FOB prices,
transportation costs, and installation costs in Japam, -as of March

1988,
Electro~mechanical Tacilities

Turbines, generators, transformers and auxiliary. equlpment will all
be imported. The costs for these facilities were esti-
mated based on FOB prices, transportation costs, and installétion

costs in Japan, as of March 1988.
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(5)

11.2.2

)

2)

11.2.3

Power Transmission and Transformation Facilities Cost

Materials and equipment for the tranémiseion 1ines; distribution
lines, and substatlions and power supply equipment for construction,
will all be imported. The costs of these facilities were estimated
based on FOB prices, transportation costs, and installation costs

in Japan, as of March 1988.

Indirect Construction Cost
Project Administration Cost

TANESCO'S administration cost for carrying out the construction
werk is estimated at 10 percent of the direct construction cost.

Of this amount, 80 percent was allocated to'engineering‘management
cost (including the engineering consultant's fee) and 20 percent to
general administration costs. For the engineering-manegement
cost, 80 percent was calculated as a foreign currency requirement

(F.C.) (as the greater part will consist of the engineering con-~

sultant's fee), and 20 percent as local currency requirement

(L.C.). The genera] administration cost, was calculated as a loeal
currency requirement (L.C.) as it is all part of TANESCO's general

administration COSt .
Contingency

As it ts possible that the work quantity will be increased due to
changes in designs and conditions during the course of construction
work, 10 pereent of the sum of direct comstruction cost and admi-

nistration cost was calculated as contingency.

Local Currency (L.C.) and Foreign Currency (F.C.)

Labor costs and costs of materials procurable domestically (cement,
luﬁber, etc.) are estimated under the local curréncy portion.
Imported materials such as steel (reinforcing bars, forms, etc.)

and constructlon machlnes are estimated under the forelgn currency

“portion.



Electro~mechanical equipment, hydraulic.eqﬁipment, and transmission
facilities will all be imported, and their CIF prices and part of
their instailétion costs are included under the foreign currency
portion, while import duties, iﬁland transportation costs, and the
remainder of installation costs are included under the local

currency portion.

Construction Cost

The total censtruction cost, separated into local and foreign
éurrency'portioﬁs and is expresséd in terms of U.S. dollars. The
total construction costs are listed in Tables 11.2.1 and 11.2,2,
and the yeérly fund requirements in Tables.11°2.3 énd 11.2,4. The
construction costs for Kikuletwa No. 1 and No. 2 Hydropower

Stations of optimum scale (as selected in Chapter 7) are shown

below.
(Unit: Theousand USS)
"Kikuletwa No. 1 Kikuletwa No. 2
Power Station Power Station
1, Preparation Work 81 8,450
2. Civil Work 2,365 18,341
3. Hydraulic Equipment 210 2,505
4, Electro-Mechanical K 3,168 : ‘10,730
Equipment :
5. Transmission Line 125 800
Sub-Total 5,949 40,826
6. Administration & : 595 4,083
Engineering Fee
7. Contingency ' 654 4,491
Total 7,198 49,400
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Table 11.2.1 ESTIMATED CONSTRUCTION COST OF KIKULETWA NO. 1
HYDROPOWER PROJECT (REHABILITATION)

(Unit: Thousand US$)

o _ Local Foreign

Work Item Currency Currency Total
Preparation Work ' 19 62 81
(i) Access Road 4 _ 7 11
(ii) Camp for TANESCO - 10 40 50
{ii1) Miscellaneous Work 5 15 20
Civil Work _ 455 1,910 2,365
(i)_ Dam and Intake - - -
(ii) Headrace 208 1,022 1,230
(iii) Head Tank 61 235 296
(iv) Penstock

183 : 639 822

(v) Power House
{(vi). Miscellaneous Work . 3 14 17
Hydraulic Equipment 10 200 210
Electro-Mechanical Equipment 310 2,858 3,168
Transmission Line _ -3 122 125
. Total (1 - 5) 797 5,152 5,949
Administrational Engineering Fee . - 119 476 _ 595
Contingency . . 65 | 589 . 654
Grand Total : 981 6,217 7 7,198
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Table 11.2.2 ESTIMATED CONSTRUCTION COST OF KIKULETWA NO. 2
HYDROPOWER PROJECT

(Unit: Thousand US$)

R ‘ _ Local . Foreign

Work Ttem Currency Currency Total
Preparation Work 2,065 6,358 8,450
(i)  Access Road 915 2,135 . 3,056
(ii) Camp for TANESCO 800 : 3,200 4,000
(iii) Miscellaneous Work _ 350 1,050 1,400
Civil Work . 2,754 15,587 18,341
(i) Dam and Intake 220 1,252 1,472
(ii) Headrace 1,768 9,848 11,616
(iii) Head Tank - 110 710 820
(iv) Penstock 216 . 1,401 . 1,617
{v) Power House 240 1,576 1,816
{(vi) Miscellaneous Work 200 800 1,000
Hydraulic Equipment 143 2,362 2,505
Electro-Mechanical Equipment | 1,073 9,657 . 10,730
Transmission Line _ 160 . 640 . 800
Total (1 - 5) 6,195 34,631 40,826
Administrational Engineering Feé 620 3,463 4,083
Contingency 682 3,809 - 4,491
Grand Total - 7,497 41,903 - 49,400
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CHAPTER 12 ECONOMIC EVALUATION FOR SELECTING CANDIDATE PROJECTS

12,1 METHODOLOGY

12.1.1

12.1,2

General

The economic performance of a hydropower project may be evaluated

by utilizing an equalizing discount rate ("the economic internal

rate of return," or “EIRR") which compares the total costs of the
project, incurred from the beginning of construction through to a

given period of operation, to the corresponding total costs of an

alternative thermal power station. All costs are converted to

present values.

"The calculated equalizing discount rate is compared against a

social discount rate which reflects the opportunity cost of capi-

tal. The project: is judged to be economical if its equalizing

discount rate is higher than the social rate of discount.

Alternative Thermal Power Station

Among the various tyges'of_thgrmal powar_station; (gas turbine,
diesel, steém, and combined cycle), the most appropriate alter—
native to the proposed ﬁydropowar projeét, in view of the project
magnitudes and their high plant factors, would be a diesel power

station.

The unit size and estimated investment cost per kW of the alter—

native diesel power stations selected for economic comparison with

the proposed Kikuletwa projects ére'as follows!:

Kikuletwa Kikuletwa
No. 1 (1.5 MW) No. 2 (ll.O_MW)

Altérhative'diesel:
' Unif size ' 0.5 MW x 3 5.5 MW x 2

Unit cost/kW ' - U8§1,200 _ US$950
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12,1.3 Adjustment of Investment Cost Due to Difference in Service Lives

The economic service life for a hydropower station is generally

estimated to be 30 years while that for a diesel power'statidn is.
estimated to be 15 years. To make an economlc evaluation of both
'types ot a simlilar basis, 1t is necessary to adjust the investment

costs.

Two adjustment methods are available. In one, fhe.cOQts of - the
hydro and diesel ﬁower stations would‘be'caICulated dver é_lSO—year
peribd ~ because 150 yeérs is the least common multipie'of'their
respective ééfvice lives. The othet_ﬁethod is to calculaté the
cost over the period'of shorter service life —in ﬁhis'caéé, i5
years ~ and to adjust the investment cost of the longer—lived
investmnent so that it cbpresponds to the shortéf period. Both

nethods yield the same compafison result. The latter method was

used here.

The adjustment factor for the hydro investment cost is calcu—

lated as follows:

- Service life of hydropower project oas 1 (50 years)
- Service life of diesel power station ... n'(1l5 years)
- Investment cost of hydropower project «.o D

- Discount rate ess R

The annuitized cost of investment (discounted annual cost) of the

hydropower project is:

R(1 + R)I "
(1 + )N -1

The cumulative discount factor of annual cost over the service life of

the diesel pbwer station is:

(1 4 RN -~ 1
R(1 + R)1'

The jinvestment cost of the hydropower project cdrréspondiug to the

service life of the diesel power station is thus calculated to be:
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R(1 + R)N
X

(1 + RN =1

(1 +

R -1

12.2 CONDITIONS FOR EVALUATION

12.2.1

Technical Conditions

Teghnical conditions used for the economic evaluation

R(1 + R)1'

are as follows:

12-3

. Trans-
Hydropower mission Diesel power
Item project line alternative
a) Station service loss
Power loss 1,5% 2.0%
Energy loss 1.8% 2.5%
B) Transmission losses 1.0%
¢) Non-availability factor
of the power plant 2.5% 20%
d) Ratio of operation
and maintenance cost .
to investment cost 1.9% 2.47% 5.0%
e) Economic service life 50 years 40 years 15 years
. f) Thermal efficiency . 3%
(2324 kcal/kWh)
g) Calorific value of
diesel oil 8,900 kcal/lt
h) Specific consumption of
lubrication 6.0 g/lt
1} Annual disbursement of
investment:
Kikuietwa‘
No.l No.2
lst. year L 91.62% 28.7% - -
2nd year 8.38% 31.24% - -
" 3rd year - 25.06% - 20%
4th year - 15.0% 100% 80%



12.2.2 Other Conditions

a) Price of diesel oil Tsh 18.50/1t

(Current price at Arusha power station)

b) Price of lubricants Tsh 150.0/1¢t
{Specific gravity: 0.9)

(Current price at Arusha power station)

The price of fuel for a diesel power station is very high in
Tanzania, as compared with the international price, because of the

long transport distance involved.

In general, the economic price of diesel o0il is estimated to be
about 1.25 to 1.30 timeé the international pricé of crude o0il. If
the medium—term price of imported crude oil in Tanzania is esti-
mated at US$S 18 per barrel (159 litres), the cqrrespohding economic

price of diesel o0il ex. refinery will be:

US$ 18 x 68.5 x 1.25 (or 1.30)/159
= Tgh 9.69 (or 10.08) per 1t

The cost for transporting petroleum products by road within
Tanzania is Tsh 10/kl-km. The project area entailswa'trah5porw
tation distance of about 60C km. Thus, the cost of transporting

the diesel oil to the project area is ecaleulated to be:
Tsh 10/k1 x 600/1000 = Tsh 6.0/1t

The economic price of diesel oil at the project area thus becomes:
Tsh 15.7/1t to Tsh 16.1/1t

The current price of dieaél oii (Tsh 18.50/1t) is therefore
slightly higher than the economic pfice calculated. However, tﬁe
fact that petroleum product prices will probably rise ia thé.future
makes it acceptable to use the current diesel oii-pricé fof making

a long-run economic evaluation of the proposed hy&rd_power projects.
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c¢) Currency exchange rate

d¢) Price conditions

12.3 RESULTS OF ANALYSIS

12.3.1 Evaluation for Detéfmiﬁing

US$ 1.0 = Tsh 68.50
(Official rate on 30 September, 1987)

For all items, prices as of the end of
September 1987 were used for the

economic evaluation

Obtimum Scale of Power Development

.As'Chépter 7 détails, various scales of power develppment for the

Kikuletwa No. 1 and No. 2 projects were considefed and studied.

‘The total costs of thege hydre power projects and those of alter-—

. native diesel power projects, both converted to present value using

a discount rate of 10%, were calculated, and the benefit/cost

ratios of the hydro power projects obtained. The anélysis results

are as follows:

Firm Energy
Capacity Generation Investment Benefit/
Project (1) {GWh) (M. USS) cost ratio
Kikuletwa No. ! project:
A (15.4 cu.n/s) 1.055 10.53 7.073 1.267
B (13.3 cu.m/s) 1.055 10.25 6.965 1.260
¢ (12.0 cu.m/s) 1,055 9.91 16,763 1.264
D (11.0 cu.n/s) 1.055 9.36 6.641 1.234
E (16.4 cu.m/s) 1.055 11.54 8.300 1.161
Kikuletwa No. 2 project:
A' (20.6 cu.n/s) 12,7 67.30 52,040 1.150
B' (17.9 cu.m/s) 11.0 67.09  48.600 1.174
€' (15.1 cu.m/s) 9.3 64.50 45,900 1.153
D' (13.8 cu.n/s) 8.5 1 63.29 44,370 1.148

The above results show that alternative A is optimum for the

Kikuletwa No. l project, and alternative B' is optimum for

the Kikuletwa No. 2 project.
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Details of the calculations relatiﬁg to the Kikuletwa No. 1 project
are shown in Tables 12.3.1 to 12.3.5; details for the Kikuletwa
No. 2 project are shown in Tables 12.3.6 to 12.3.9.

12.3.2 Equalizing Discount Rate

The calculated equalizing discount rates of these optimum alter-
natives, and of other considered mini hydro power projects, com—

pared against alternative diesel power projects, are as follows:

Beﬁefit/

_ : .cost ratio

Project Equalizing {at 10% discount
discount rate discount rate)

Kikuletwa No. 1 (Rehabilitation) 13.30% : 1.267
Kikuletwa No. 2 . 12.03% - 1.174
Himo No. 1 (Rehabilitation) 11.03% _ 1.08
Himo No. 2 ' Less than 0.1% 0.21
Hingiliti . 6.63% 0.70
Ndungu 8.52% 0.87
Thindi 0.96% . 0.34
Gulutu 1.97% 0.39

Details of the calculations relating to the Kikuletwa No. 1 project
are shown in Tables 12.3.10 to 12.3.12; details for the Kikuletwa
No. 2 project are shown in Tables 12.3.13 to 12.3.15.

12.4 CONCLUSION

Based on the above~deseribed economic evaluatlon of the projects, and
on their expected contribution to the electricity supply, it is recommended
that Kikuletwa No. 1 (rehabilitation) and Kikuletwa No. 2 projects be

implemented in the near future.
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KIKULETWA NO. 1 PROJECT

" Table 12.3.1 - Table 12.3.5
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Table 12.3.1 BENEFIT/COST RATIO
: (15~Year Operation)

Discount rate: 10,00%

Hydro firm_capacity: 1055 kW
Hydro power generation: 10530 M¥h
Hydro investment cost: 7073 _T.USS

(US$ thousand)

PRESENT WORTH Kikuletwa No.1l Diesel Power Plant
Investment cost 5218.4 1357.4
Operation & maintenance cost 905.8 506.1
Fuel cost 4882 .4
Lubricating oil cost : : 1010.5

Total cost 6124.1 7756.4
Benefit ~ Cost ' 1632.3
Benefit/Cost ratio 1,267

Table 12.3.2 BENEFIT/COST RATIO

(15-Year Operation}

Discount rate: 10,004

Hydro firm capacity: 1055 kW
Hydro power generation: 10250 M¥h
Hydro investment cost: 6965 T.US$

{iS$ - thousand)

* PRESENT WORTH Kikuleiwa No.1 Diesel Power Plant
Investment cost 5140.0 1357.4
Operation & maintenance cost 892.2 506.1
Fuel cost 4752.5
Lubricating oil cost : 983.7

Total cost 6032.2 7599.7
Benefit - Cost _ ' - 1567.5
Benefit/Cost ratio _ 1.269Q
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Table 12.3.3 BENEFIT/COST RATIO
{15-Year Operation)

Discount rate: 10.00%

Hydro {firm capacity: 1055 kW
Hydro power generation: .9910 M¥h
Hydro investment cost: 6763 T.US$

(USs$ thousand)

PRESENT WORTH ' Kikuletwa No.1 Diesel Power Plant
Investment cost 4993.3 1357.4
Cperation & maintenance cost 866.9 506.1
Fuel cost : 4594.9
Lubricating oil cost 951.0

Total cost 5860.3 . 7409.4
Benefit -~ Cost 1549.2
Benefit{/Cost ratio 1.264

Table 12.3.4 BENEFIT/COST RATIO

{15-Year Operation)

Discount rate: 10.00%

Hydro firm capacity: 1055 kW
Hydre power generation: 9360 MWh
Hydro investment cost: 6641 T.US$

(US$ thousand)

PRESENT WORTH Kikuletwa No.1l :Diesel Power Plant
Investment cost 4904.8 1357.4
Operation & maintenance cost 851.7 506.1
Fuel cost o 4339.9
Lubricating 0il cost 898.3

Total cost 5756.4 7101.6
Benefit - Cost : 1345.2

‘Benefit/Cost ratio ' 1.234
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Table 12.3.5 BENEFIT/COST RATIO
(15-Year Operation)

Discount rate: 10,00%

Hydro firm capacity: 1055 KW
.Hydro power generation: 11540 Mkh
Hydro investment cost: 8300 T.US$

{US$ thousand)

PRESENT WORTH Kikuletwa No.} Diesel Power Plant
Investment cost 6109.0 - 1357. 4
Operation & maintenance cost 1058.5 506.1
Fuel cost 5350.7
Lubricating oil cost 1107.5

Total cost 7168.5 8321.6
Benefit - Cost | 1153.2
Benefit/Cost ratio 1.161
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KIKULETWA NO. 2 PROJECT

. Table 12.3.6 - Table 12.3.9
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Table 12.3.6

Discount rate: 10,.00%

Hydro firm capacity: 12700 k¥W
Hydro power generation: 67300 Muh
Hydro investment cost: 52040 T.US%

PRESENT WORTH

Investment cost
Operation & matntenance cost
Fuel cost
Lubricating oil cost
Total cost

Benefit - Cost
Benefit/Cost ratio -

Table 12.3.7

Discount rate: 10.00%
Hydro firm capacity: 11000 kW
Hydro power generation: 67090 M¥h

Hydro invesiment cost: 48600 T, USS

PRESENT WORTH

Investment cost
Operation & maintenance cost
Fuel cost
Lubricating oil cost
Total cost

Benefit - Cost
Benefit/Cost ratio

BENEFIT/COST RATIO
(15-Year Operation)

Kikuletwa No.2

BENEFIT/COST RATIO
(15-Year Operation)

Kikuleiwa No.2

12-12

34353.5
- 5492.0

39845.5

32112.1
5135.9

37248.0

(US% thousand)
Diesel Power Plant

10690.
3986.
25788,
6337.
45803.

W =3 00 = 0

5957.9
1.1560

{US% thousand)
Diesel Power Plant.

9259,
3452,
25708.
5321.
43741.

B e 2L L e -

6493.7
1.174



Table 12.3.8

Discount rate: 10,00%

Hydro firm capacity: 9300 k¥
Hydro power generation: 64500 MWh
Hydro investment cost: 45900 T.US$

PRESENT WORTH

Investment cost
Operation & maintenance cost
Fuel cost
Lubricating oil cost
Total cost

Benefit - Cost
Benefit/Cost ratie

Table 12.3.9

Discount rate: 10.00%

Hydro _firm capacity: 8500 kW
Hydro power generation: 6329¢ MWh
Hydro invesiment cost: 44370 T.US$

PRESENT WORTH

investiment cost _
Operation & maintenance cost
Fuel cost :
Lubricating oil cost

Total cost

Benefit - Cost
‘Benefit/Cost ratio

BENEFIT/COST RATIO
{15-Year Operation)

Kikuletwa No.2

RENEF{T/COST RATIO
(15-Year Operation)

Kikutetwa No.2

12-13

30352.9
4856.4

35209.2

29356.0
4698.0

34053.9

(US$ thousand)

Diese! Power Plant

7828.8
2918.9
24715.9
5115.6
40579.2

5369.9
1.153

(US$ thousand)
Diesel Power Plant

7185,
2667.
24252.
5019.
39095.

LR <Ll AR e <

5041.1
1.148



KIKULETWA NO. 1 PROJECT

Table 12.3.10 - Table 12.3.12
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Table 12.3.10

Discount rate: 13.20%

PRESENT WORTH

Investment cost
Operation & maintenance cost
Fuel cost
Lubricating oil cost
Total cost

Benefit - Cosf
Benefit/Cost ratio

Table 12.3.11

Discount rate: |13.36%

PRESENT WORTH

Investment cost

Operation & maintenance cost

Fuel cost
Lubricating o0il cost
Total cost

Benefit - Cost
Benefit/Cost ratio
Table 12.3.12
Discount rate: 13;402

PRESENT WORTH

Investment cost

Operation & maintepance cost

Fuel cost
Lybricating oil cost
Total cost

Benefit ~ Cost
Benefit/Cost ratio

EQUALIZING DISCOUNT RATE
(15-Year Operation)

(US$ thousand)

Kikuletwa No,1 Diese! Power Plant

5667.4
729.6

1308.
407.
3932,
814.
6463.

2D W =) b

6387.1

75.9
1.012

- EQUALIZING DISCOUNT RATE

(15~Year Operation)

(US% thousand)

Kikuletwa No.1l Diesel Power Plant

5667.7 1306.9
724.9 405.1
| 3907.6
808.8
6392,6 - 6428.3
35.7

1.006

EQUALIZING DISCOUNT RATE
(15~-Year Operation)

_ ' (US$ thousand)
Kikuletwa No.1 Diesel Power Plant
1305,
402,
3882,
803.
6394.

5677.8
- 720.3

o oy e an

6398.1
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KIKULETWA NO. 2 PROJECT

Table 12.3.13 - Table 12,.3.15
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Table 12.3.13

Discount rate: 12.02%

PRESENT WORTH .

Investment cost

Operation & maintenance cost

Fuel cost
Lubricating otl cost
Total cost

Benefit - Cost
Benefit/Cost ratio

Table 12.3.14

Discount_rate: [12.03%

- PRESENT WORTH

Investment cost
Operation & maintenance cost
Fuel cost
Lubricating o0il cost
"Total cost

Benefit - Cost
Benefit/Cost ratio

Table 12.3.15

Discount rate: 12.04%

PRESENT WORTH

Investment cost
Operation & maintenance cost
Fuel cost
Lubricating oil cost
‘Total cost

‘Benefit - Cost
Benefit/Cost ratio

EQUALTZING DISCOUNT RATE
(15~Year Operation)

(US% thousand)

Kikuletwa No.2 Diesel Power Plant

33313.5
4310.5

8722,
2897.
21577,
44865,
37663.

Lo O =~

37624.0

39.5
1.001

EQUALIZING DISCOUNT RATE
(15-Year Operation)

(Uss thousand)

Kikuletwa No.2 Diesel Power Plant

33317.9
4306.9

8720.
2895.
21558.
4462 .
37636.

L2 LRI - AL

37624.8

tr.7
}.000

EQUALIZING DISCOUNT RATE
{15-Year Operation)

o : {US$ thousand)
Kikuletwa No.2 Diesel Power Plant
33322.4
- 4303.3

8717,
2892,
21540.
4458.
37609.

LRI = R v - e -

37625.6

~16.1
1.600
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CHAPTER 13 '~ FINANCIAL ANALYSIS

13.1 METHODOLOGY

The financial analysis of the projects has been conducted using the

following two methods:

a)

k)

c)

Calculation of.an equalizing discount rate. This rate offsets
total revenue obtained from energy sales agalnst total expenses
incurred from the beginning of plant construction work to the
conclusion.of plant service life. This discount rate, compared
against the social rate of discount in Tanzania, will serve as

‘the basis for evaluating the financial soundness of the projects.

Preparation of a repayment schedule for borrowing funds, based
on assumed loan conditions, and preparation of profit and loss
statements and cash flow sheets to identify appropriate loan

conditions.

These analyses have been carried out independently for both

Kikuletwa No. 1 and Kikuletwa No. 2 projects.

13.2 CONDITIONS FOR ANALYSIS

13.2.1

(1

Conditions for Calculating Equalizing Discount Rate

System Loss Factor

For the interconnected system, the systen loss factor - which

includes station service loss and transmission and distribution

losses = has been high. 20.64 in 1983, 22.,0% in 1984, 21,7% in

1985, and 21.0% in 1986. Between 1973 and 1979, however, the loss
factor held at about 16/. While it is important for TANESCO to
reduce the energy loss factor, a significant reduction will require

a considerable time. In this study, it has been assumed that the

system loss factor will decrease in the following steps:
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(2)

(3)

After commissioning of power plant (Kikuletwa No. 1):

Ist 5.years Loss factor 20%
Znd 5 years 19%
3rd 5 years 18%
4th 5 years 17%
Thereafter 167%

'Enérgy Generated and Energy Sold

Annual energy generation for the two projects Is estimated as

follows:

Kikuletwa No. 1 pover plant 10,530 MWh
Kikuletwa No. 2 power plant 67,090 HWh

For each project, the energy sold is obtained by subtracting the

anticipated system loss from the annual generatione.
Average Rate per Unit Sold

For electricity in Tanzahia, the average'réte per unit sold has
risen rapidly, from T. Cents 66.38 in 1980 to T. Cents 132,81 in
1984, and to T. Cents 294.53 in 1986. If the rates aie expressed
in terms of UC currency, however, the rise is mdéh_less'dramatic -
from US Cents 6,03 in 1980 to US Cents 8.47 in 1984, which
translates into ah'average annual increase {(for 198O to 1984)

of 8.8%.

Average unit rates for the years from 1980 to 1987 are shown below:

Currency exchange

Year T. Cents/kWh rate per 1 US$ US Cents/kWh
1980 64.38 . 10.67 6.03

1981 65.58 9.77 et

1982 70.60 10.25 6489

1983 104,60 1,91 8.78

1984 132.81 15,68 84T
1985 196.96 17,74 11,10

1986 294,53 38,36 7.67

1987 395.80 68,50 5.78
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(4)

The above shows that the average unit rate (in terus of US curren-
cy) rose fairly high:in 1985, but then fell abruptly in 1986 and
1987. This abnormality was the result of insufficient tariff
adjustment, which:did not smoothly follow the rapid fluctuation of
the currency exchange rates. It is therefore not appropriate to
use the 1987 US—curfency'rate as a basls for forecasting the

operating revenue from future energy sales.

This study therefore assumes an average unit rate for 1988 calcu~
lated by applying an 8.8% annual price rise to the 1984 rate. This

is because the (US—-currency based) rate rose 8.87% per year from

1980 - 1984, which was a period during which the exchange rate held

fairly steady.

:The electricity supply cost inciudes the costs of the power genera-

tidn'séctor, the transmission and distribution sector, and the

general administration sector. In most countries, the share of

generatioﬁ sector cost to total electrical éupply cost is generally

‘within 65 to 70%Z. In this study, 67% shall be used. Thus, for the

power'géneratinn sector, the average revenue per kWh sold is US
Cents 7.95:
8.47 % (1 + 0.088)% x 0.67 = US Cents 7.95 kWh

Investment Costs

The aﬁnual disbursements of the investment costs of the Kikuletwa

" No. 1 and No. 2 projects are as follows:

(Unit: USS thousand)

‘Kikuletwd No. 1 Kikuletwa No. 2

‘Forelgn Local ' Foreign Local
Year currency ' currency Total currency — currency Total
1989 5,597 883 6,480 - - "
1990 620 98 718 11,835 2,117 13,952
1991 . = - -~ 12,877 2,305 15,182
1992 I ~ 10,329 1,848 12,177
1993 - .- 6,862 1,227 8,089
Total 6,217 981 7,198 41,903 7,497 49, 400
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(5)

(6)

(7

Annual Operation and Maintenance Costs

The operation and maintenance costs vary according to the main-—
tenance cycle and the salary level of the plant staff. In general,
however, these costs for a hydro power plant are voughly estimated
to be about 1 to 2% of the investment cost. In this study, 1.5%

shall be used. Therefore:

US$ 108,0 x 103
Us$ 741.0 x 103

i

Kikuletwa No. 1 7,198 x 103 0.015

1

Kikuletwa No. 2 49,400 x 103 x 0.015
Annual Administratidn Expenses

The administration expenses are statistically estimated to be about

0.3 to 0.5% of the investment cost. In this study, 0.4% shall be

used. Therefore:

Us$ 28.8-x 103
US$ 197.6 x 103

Kikuletwa No. 1 7,198 x 103 x 0,004
Kikuletwa No. 2 49,400 x 103'x 0.004

Service Life of the Power Plant, and Calculation Period

The service life of the Kikuletwa No. 1 and No. 2 power plants is
estimated to be 50 years. The revenue and expenses for each pdwer

plant shall be calculated over the following periods:
— Operating revenue: 50 . years from commissioning
-~ Expenses:

. Investment cost Construction period (2 years
for No. 1, 4 yeérs:for No. 2-
‘power plants)
. 0 & M costs 50 years ffoﬁ commissioning

+ Administration expenses 50 years from commissioning
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13.2,2 Conditions for Preparation of Income Statement and Cash Flow

(1)

Loan Conditions

Hydro powef plaunt construction reduires a lérge investment, while
the turn—over ratio of the total assets 1s low. It is therefore
desirable that construction be financed at a low interest rate and
with a long repayment period. 1In this study, the following two

fund sources are assumed:
- Government-based soft loan from a cooperating country

— Commercial-based project loan from an international financial

institution
Loan conditions assumed for these sources are as follows:
~ Foreign Government Loan:

» Interest rate 1.5% per annum
» Repayment period 30 years, including 10-year

grace period
- International Financial Institution Project Loan:

. Interest rate 7.64%Z per annum
. Repayment period 15 years, including 5-vyear

grace period

Repayment shall be made in equal annual installments of prin-

cipaljand in;erest. The annual repayment amount will therefore be:
— Foreign Government Loan:.
Loan amount x70.015 x (1 % O.QS)ZO/((l + 0,015)20 -
| ;:inggrﬁatioﬁal“Fiﬁaﬁciql Iﬁsti;ufién érojecp Loan:

Loan amount x 0.0764 x (1 + 0,0764)10/((1 + 0.0764)10 1)
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(2)

(3}

(4)

Depreciation Cost

The capital cost shall be depreciated using the straight line

method, assuming no scrap value. Depreciation cost is therefore:
(Investment cost + Interest during construction)/50

Operating Revenue, Operation and Maintenance Costs, and

Administration Expenses

The estimates of operating revenue, operation and maintenance.
costs, and administration expenses are described in Section

13.2.1.
Calculation Period

It is adequate to pre?are income statements and cash flow sheets
over the loan repayment period. In this study, calculation shall

be made for the period of 30 years from commiésioning.

13.3 RESULTS OF ANALYSIS

13.3.1

Equalizing Discount Rate

The data used as the basis for analysis a:e_shdwn in Table 13.3.1
for Kikuletwa No. 1 project, and in Table 13.3;2 for the Kikuletwa
No. 2 project. The calculations of equalizing discount rates are
shown in Tables 13.3.3(A) to 13;3.3(0) for therKikuletwa ¥o. 1 pro-
ject, and in Tables 13.3.4(A) to 13.3.4(C) for'thé Kikuletwa No. 2

project. These tables show that the eQualizing discount rates are:

Kikuletwa No. 1 Project: 6.08%
Kikuletwa No. 2 Project: 5.93%

TANESCO's electricity tariff is made on a cost basis, and its price
level is almost the sawme as that of industrially advanced '
countries. It should be noted that the current international

interest rate has stabillzed at about 5 5 to 6.5%.

Taking these conditions (and spec1f1ca11y, the equalizing discount

'rates of about 6%) into account it can be concluded that the

Kikuletwa No. 1 and No. 2 projects are finanqially sound}
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13.3.2 1Income Statement and Cash Flow

The income statements (profit and loss statements) and cash flow

- sheets for the projects are provided in the tables listed below:

~ Forelgn Government Soft Loan:

. Kikuletwa No. ! project Tables 13.3.5(A) to 13.3.8
« Kikuletwa No. 2 project Tables 13.3.9 to 13.3.12

- International Financial Institution Project Loan:

» Kikuletwa No. 1 project Tables 13.3.13(A) to 13.3.16
« Kikuletwa No. 2 project_ ) Tables 13.3.17(A) to 13.3.20

The data in the above tables lead to the following conclusions:

a)

b)

c)

For the case of the foreign government loan, the cash.balancés
for both projects will be favorable every year from cow-
miééioﬁing; 'The_accumulated-net inceomes over 30 years will
amount to US$$6,958.4 thousand for the Kikuletwa No. 1 project
ané.td'US$36,989.9.thousand for the Kikuletwa No. 2 project,.as
respectively shown in Tables 13.3.8 and 13.3.12,

In the case of the international financial institution project

ioan, the cash balances for both projects will show deficits
every year throughout the repayment.peribds. The accumulated
net income over 30 years will amount only to US$2,501.1
thousand for the Kikuletwa No. 1 project, and to US$3,947.9
thousand for Kikuletwa No. 2 project, as respectively shown in

Tables 13.3.16 and 13.3.20.

Both projects are financially justifiable:based on the

.equalizing discount rates stated in Section 13.3.1 and on the

rates of return stated in Seection 13.3.3 However, the finan-
cial burden will be very large if the required funds are

financed by loans from international financial institutions.

It is recommended that the project be financed.by.a

government—-to~government-based soft loan from a cooperating

' cauntry.
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