No abnormal physical or chemical properties were recognized in any
of the samples analyzed. The analysis results, which are provided

in App. II are summarlized and shown in Table 5.6.1

5.6.,2 Suspended Load

Records of suspended load in the water of the Kikuletwa River and
1ts tributaries are given in App. IL. The relationships between
suspended loads and discharges of the Kikuletwa, Weru-weru, and
Pangani rivers, as based on these data, are shown in Fig. 5.6.1.

These relationships are in the ranges given below.

_ Gauging St, River discharge =Suspended

River ilocation (cu.m/sec) . load (Epm)
Kikuletwa " No. 1DD-1 14.8 - 90.1 9 - 194
(3,840 sq.km) Below Weru-weru '

River confluence

Weru-weru No. 1DD-5A 6.2 - 60.6 19 - 698
(146 sq.km) 0ld Arusha-

Moshi Rd.
Pangani No. 1D-8  16.8 - 96.9 21 -~ 133
{9,037 sq.km) Nyumba ya Mungu '

~ Using the discharge-suspended lbad.reiatipnship for the Weru-weru
River (shown by the straight line in Fig. 5.6.1), for which the
suspended load is comparatively high, 'the following suspended load
and discharge are found for 1970, the year of average runcff con—

dition at gauging station No. 1DD~54 on the Kikuletwa River.

o _ River
Gauging St. Suspended discharge
River - location - load (ppm) {cu.m/sec)
Kikuletwa No. 1DD-54 : 28 © Min. 7.65
(2,220 sq.km) . TANESCO Ps 3000 Max. 30.97

Based only on the above data,'the-totél suspended load is calculated

to be approximately 24,505 cu.m, against a total annual discharge of

5-12



approximately 41,1 million cu.m. This corresponds to 11,04 cu.m per

square kilometer annually.

The Kikuletwa River, as seen from the river profile for the 72 km
from Msitu:Wa Mbogo near Arusha to its confluence with the Karanga
River, may be considered to be a transitional area. The average
river gradient at this stretch is approximately 1/300. The
suspended load, instead of being deposited at this transitional
area, 1s cafried down and deposited in to the plain area, or elsas is

carried further down, to the Nyumba ya Mungu Reservoir.
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TABLE 5.2.1(1) LIST OF MONTHLY RAINFALL AND ANNUAL RAINFALL

Lot(s), Long(E.)

Location Resist. 1950's 1960's - 1970's 1980's
No. | & Altitude 12345678901 23456789{0123456789[012345678%9
Moshi (Hime) |933-745 3°-20'-0" Jan. Dec.
Kilena-Chinf 37-31-0
4,000ft
Meshi Hime |933-731 3°-23¢ Jan, Dec.| Jan. Dec.
Sisal Estatd 37-33
3,150f¢
Wai Lerongo |933-7134| 3°-08 Jan, Dec.
Foreat 37-03
1,400m
Hal Lombo 933-7135¢ © 3%-12' Jan. Dac.
Estate 37-1i
1,420m
Hoahi Lukani | 933~7119 .3.“;-10’. ) Augs Dec.
Ltd. 37-08
5 700ft
Hosht 933-7136]  3°~15' . oct. Dec.
Nkwasira 37-09 j
Corp. Ltd, 3,750k
.Hos.hi C}933-769 3e-27 ‘Jan. .Dec.
Kikuletwa 37~12
- Rydro-meteo 2,500f¢
station
Hoshi 933-778 3120 Jarn. Dec,
¥ibongoto 37-07
4,1006ft
Moshi Siha [933-7118] ~ 3°-07° aug. Febd
3707
5, 900Ft
Hal Siha 933-7142( - 3°-10% Dec, _ Oct.
Secord 37-01
9chool 4,450fc
Arusha 933-633 3°-220 Jan., ‘Dec.
Arusha 36-38
air Port &,550f¢
Hime Rembo 933-706 3°-12' Jan. Deec.
Misgion - 37-36
School 4 700fe
Hai ) 933-723 3°=14' Jan, bec.
Lyamnungn 37-15
4,100ft
Priesian 933-747 303" Jana Oct.
Farm, 37-00
4,300f¢t
Lomwe 933-775 | 3°-42" Jan. Dec.
: 37-3%
4F500ft
Pare Hassan | 943701 4°-20' Jan, Dec,
Sinal 37-51
Estate 3,000ft
Pare Saume 943-703 | . 4°-05' . Jan. Dec.
Meteo: ) 37-44 : :
Station i - 2,820f¢
Pare Gonja |943-B11 | 4°-18' ‘petf*37 Jan. bec.
Estate 38-02 .
. . 549m
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TABLE 5.2..1(2') LIST OF MONTHLY RAINFALL AND ANNUAL RAINFALL

L ' Resiat. | Lot(s), Leong(E 1950's o 1960's : 1970"s 1980's ,
ver No. SAleleude 123456789/ 0123456789/ 0123456789(01236567839
Pare 943-851 £°-221 Jan, Dec.
{Luashoto) 1 32-03
Ndung Est. 533m
Kisiwaal 943-7011}  4°-08° 1949 Annual Mean | Jan. Dec., i
S1sal . 37=59 g_n_]_:y
Esktate 6850
Kwiza 943-8032) 4°-08° Jan. May
Hission ’ 318-01
School 1,105m
Tia Dem 943-7010]  4°-14 Oct. Dec.
37-57
- 1,670m
Kilimawe 9438060  4°-25 Jan. Dee.
Heteo. 38-03
Station 508w
Mtid 943-8050]  4°-00* Aug. Dec.
Primary 38-00
School 1,275m
Ibaya 333-7104 Jan. Jul.
883m
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TABLE 5.2.2 LIST OF MONTHLY MEAN DISCHARGE

River Resiat. | Lot(s), Loug(E 1950's 1960%a 1970%a 1980's
€ No. & -Altitude 123456789101 23456789i{0123456789[{01234567879
Sesaeni. IDB~2A 4°-281-50" Hay Mar, Water level
170 kn? | Gulugu 38°-03-04 | -~ - - S A (R
550m
Mkomazl 10B~17 5°-01'-25"
3,800 knd 38°-16-45 Rov. Dec.
380m
Mombo, (Soni) { 1bB-6A- | 4°-54 .
520 kmd 38°~17 . Jan. Dec.
410m
Hingdligl 1DB-18 42-141-05" Jan. Dec. Apr, {Suspended)
38 ka? | Kiruka 37-58~25 R T {----
: 1,540Ft Jan.
Ruvu 1c-2a | 3°-31r-30" Bov.  Dec.
3,370 kn? 37-28-0 Dec.
690m
Rau 10C-34A 3°-307-39" -
270 ko? 37-28-15 Dec. NWov. Closed Nov, | Dec.
. 700m in Sept, 1960 -
Mue 1DG-6 3°-28"~10"
280 kn? : 37-28-39 Jan, | _oct.  Closed v. Dee.
i 700u in May 1963 :
Himo 1DB-11A |~ 3°=207-00"
264 ko? Moshi- 37-33 Nov, Oct. Closed Nov, Dec. Hay
© | Tanga 760m in Sepb. 1939 « = = = = = =% 2w ] - -
Rd. L
Bridge
Kikuletwa 1p-1 | 3°-3rt-00"
3,880 kn? : 37-17-00 Nov. Dec.
. 700w
Weru-weru 1DD=6A 3°-9
68 ka? -371-16 Jan. Dec. - -
450 )
Kikuletwa 1DD-54 3%-27'-30" Feb. Dec.
2,220 kn? | TANESCO} 37-12~30 | =00 | e e e e o oo TICo--- - - - Hater level
R p/Sta- i3} % ) eaa---
: tion: : .
Kikafu 1008 3°-20
{50 sq.mile) 37-14 Nov. ~ betd Closed -
S 3,500£t : in May 1963
Eware 1pD=9 . 3°%-18!
West Fork 37-13 Hov. Octd ditto
{35 p.mile) 3,000fc
¥ware 100-10 317! :
West Fork 37-09 Nov. Getd  ditto
(16 s.mile) 3,300£¢
Sanya Juu - | 1DD<13 | ac-110
{44 s.mile) : 3704 Nov. Octd  diteo
4,200f ¢t '
ﬁdungu : 1IDB=3 ] | == e s = e
- : Main Rdd -
Gonja =4 'y = - ] ===
South Maln Rd.
Gonja -5 | | mm=m =
North Main Rd.
’ L - JICA
Yongoma . {1DB-3) Closed 10/Bec & 1DpB-23
Main Rd in May 1963 up ko date
- Water level &
Discharge
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Moghi

1972
1973
1974
1975
1976
1977
1978
1979
11980
1981
1982
1983
1984
1985

. 1986

Same

1978

1979

Table 5.3.1 RAINFALL INTENSITY

Daily max. rainfall

Hourly intensity

{mm/day) {(mm/hour)

92.6 35.5 (in 50 min.)
104.5. 52.0 '

88.8 34,0

195.8 44.0

1 76.0 41.5

104.6 27.6 -

53.1 21,1 (in 45 min.)
138.3 27.0

149.7 48.0
49,2 37.2

81.1 23.5

166.4 82.0
104.8 33.0 (in 44 min.)
37.4 23.0

~ Apr.

'ApI'o

Date

Apr.
Apr..
Apr.
Aprn
Apr.

Apr.

" Mar.

Apr.

Mar.

Apr..

Apr.'

Apr.

25

21

11

22

20

i5
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Table 5.5.1 MAXIMUM DAILY DISCHARGE

. {Unit: cu.m/sec)
Year R.-Kikuletwa R. Himo R. Sesseni
— Discharge Date Discharge Date Discharge Date

1963 - ~ - - 1935.98 25 Dec.
1964 | - - - - 175.24 5 Mar.
1965 - ~ - ~ 4,62 1 Jan.
1966 - - - - 5.77 28 Mar.
1967 16,50 17 May - - 17.16° 23 Nov.
1968 55.88. 3 June 34,38 6 Dec. 35.64 11 Dec.
1969 - 24.44 10 May 20.92 26 Feb. 13.27 13 Jan.
1970 732,28 6 May 33,35 11 Apr. = 35.34 21 Feb.
1971 7494 24 Apr. 29.93 22 Apr. 4,90 19 Jan.
1972 55.41 20 Apr. 17.55 14 Nov.  8.70 10 Dec.
1973 23.96. 30 Apr. 32.58 17 Feb. 20.55 14 Dec.
1974 88.66 11 Apr. 27.38 2 May 17.43 30 Dec.
1975 21.02 23 Apr. - 35.91 3 Apr. 9.69 1 Dec.
1976 . - 52,47 12 Apr. 23.47 11 Jan.
1977 - - - -  159.69 10 Dec.
' xk) >
1978 GH* Mar. (2.98m) - - 185.46 13 Dec,
1979 (148) Ma} (3.58n) . - - 21,07 12 Feb.
1980 (46) HMay (1:84m) - - 23.34 6 Dec.
1981 (83)  Apr.(2.54m) - - 15.81 30 Dec.
1982 -(80) Apr.(2.52m)

1983 - -

1984 - -

1985 (68) Mar.(2.30m)
1986 - ;__. |
1987 (28)  Apr.(l.4bm) .

Note: Dischért (ij) in'the_pafenfhesis are estimated based on the water
levels-(ii/) provided by Maji-Office and the rating curve assumed
by JICA-team ’ : i
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400

300

200

Fig.5.3.1(1)

Station :Lornbo‘Es’tui‘e
Regist.No:933-7107
Location:l.at 3>17'S

L°n3q7‘i 14'E

Altitude : 3,500ft
Total  :9O7.1MWyr

100

JFMAMUJY JA S OND
Jan. {971 — Dec. 1986

Station :Ndung Sisal Est.

RegistNo: 943- 85|

Location :Lat 4°-22'S
Long 38%-03'E

Altitude : 533M
Totai 775 3MWyr

S OND

Jan. 1966—Dec. 1985

MONTHLY. RAINFALL

Station : Lomwe
Regist.No : 933~775

Location :Lat 3°-42's

Long 37°-39E
Altitude : 4,500ft
Total L 27Ty

JFMAMUJJIASOND
Jan. 1962 — Dec, 985

Station :Tie Dare

RegistNo: 943~ 710 -

Location:Lat 4°%14'
Long 372 57'E g

Alfitude ©1,670™
 Total  :1,456.2My

UFMAMUJ JASOND

Oct. 1962 - Dec. 1985

Station  :Hassan Sisal Est.

RegistNo..: 943~ 701 -

Location :Lat 4°-20'
Long 37°-51'

Altitude : 3,000ft
Total [ 544.3MM/yr

Station . Same Meteo St.

Regist.No: 943 703

Location: Lot 4% 05
Long 37% 44’

Aifitude : 2,820
Total  : 589.8MW/yr

JFMAMJ JAS ON'D-
Jan. 1966 —~ Dec. 1985

Station @ Mtii Primary School
Regist.No 1943850
Location :Lat 4°-00's

Jan. 1962 ~ Dec. 1985

 Long 38°-00'E
Altitude :1,275™

Totat 4274 ye

Station . Kalimawe Met. St

Regist.NG.:943-840

Location :tLat 4°-25'§
' Long 38~ 0SE

Altitude :508™
Total 473, 1MMYyr

JASOND

Aug.1965 - Dec.1985

JFMAMUJJASOND

-Jon. 1962 — Dec.|985

Station : Gonja Estate

RegistNo: 943 811

Locotion: Lot 4°-18'S
Long 382 02'E

Altitude : 5489mM

Total  :B75.9MM/yy

T FMAMOJUJASOND
0ct. 1937 — Dec. 1985

Station - I KwizuMission School
Reqist.No: 943-8032
Location : Lat
Long
Altitude :1,105™ :
Ay Totat  : 81LO™MTYyr

OND
Jan. 1961 —- May 1979
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Monthly Mean Rainfali (mm)

400

Fig. 5.3.1 (2)

Station . Friesian Farm

RegistNo : 933~ 747

Location : Lat 3°-03'S )
Long37237°00E

300

200

Altitude : 4,300ft
Total | 410.5™M/yr

& ann TR - - \m
JFMAMJJ ASONDPD
Jon.ig62 — Qct 1875

: Kikuletwa
Hydrometeo St.
Regist.No: 233~ 769

Location : Lat '3-27'S

Station .

Long 37> 12'E
Altitude : 2,500ft
Total  : 515 2MW/yr

g

FMAMJJASOND

Jon. 1962 — Jul. 1975

MONTHLY RAINFALL.

Station :Rombo
RegistNo: 943-706 ¢

L.ocohon Lat 312'S,
B} Long3736E

Adtitude: 4,700
otal :1.8i22MMyrf:

Station : Arusha-Airport
RegistNo : 933~ 633
Location ; Lat ~ 3>22'S

Long 36™-38'E

Alfitude ;| 4,550t
Total @ 869.9Mmyr

JFMAMJJASOND
Jan.1962 - Dec. 1985

JFMAMUJJASOND
Jan.|962 — Dec.1985

Station :Kilema Chini

Regist.No: 933~ 745

Location :Lat 3%20'S
Long 37-3/E

419.9"

Altitude :4,000f!
Total  :1,519.8™m/yr

Station " Kukoni
Regist.N0:933-7119
occﬂon

Lot 10 2
Long 37 OBE

\Ititude 5700f t
Totat 560.9

_JF'MAM.J JASOND

Aug. 1972~ Dec. 1985

Station ;|yamuhgut
RegistMo: 933~ T2l
L_ocation : Lo?

- 14'S

I_Qng

49841

372 15E
{_atitude : 4,100f1
atal  :1.5637"%,

JFMAMJ JASOND
Jan. 1962 - Dec. 1985

Station ;L orongo
Forest
RegistNo : 933~ 7134

Location: Lot 3°-08'S

Long 37 -03E
Altitude: |,400M
~ Total L T9R. Ty yr

JFMAMJJAS.OND

Jon.1974 - Dec.1986-

Station :Himo Sisatl Est.
Regist.No: 933-731
Lacation : Lot 3-23'S

Long 3733 E
Latitude :3,150 f!
Total D L563.T7MM yy

TEMAMY J A S D
Jan.{962 — Dec. 1986

" Giation:
Masama Sawe
mmRegist.No :
3 933- 7135
Locuhon

Lat 3~ IZS
Long 3721 I'E

Altitude:

- L,400m
Total :

1.948.2mm/yr

JF M

JJASOND
Jan. 1974 - Dec . 1986
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Fig.5.3.1(3) MONTHLY RAINFALL

400

Station @ Ibayo : Station . Mbuio
Resist.No. 93-37104 Resist. No. : —-
Location : Lat Location
s Long :
300 ;
Altitude : 883M Altitudo : 820™
1y Total :844.7™mM/yr 1/ To_ful L 469.4 0y

200

100

JF M A-r;a-‘ _
Feb. 1968 —Jul. 1971 Jan.1968- Dec. [969

17 Accbrding to the dc_fd in F/S report for Mkomazi
Valley Irr. Development Project.
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Fig.5.3.2(1) ISOHYETAL MAP IN KILIMANJARO REGION
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Fig.5.3.2(2) ISOHYETAL MAP IN MT. SOUTH PARE
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Fig.5.4.1 MONTHLY MEAN DISCHARGE OF THE KIKULETWA RIVER AT TANESCO POWER STATION

~ (No. IDD - 54)
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Fig.5.4.2(1)

MONTHLY MEAN DISCHARGE OF THE SESSENI RIVER AT GULUTU GAUGING STATION

(No. 1DB - 2A)
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Fig.5.4.2(2) MONTHLY MEAN DISCHARGE OF THE SESSENI RIVER AT GULUTU GAUGING STATION

(No.1DB - 2A)
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CHAPTER & DEVELOPMENT SCHEME

6.1 OUTLINE OF THE KIKULETWA RIVER BASIN

The Kikuletwa River, which flows southeast, drains numerous tribu-
taries rising from the south slopes of Mt. Meru and Mt.
Kilimanjaro, merges with the Pangani River, and empties into the

Indian Ocean south of Tanga.

Kikuletwa Hydropower Statiom (1,160 kw), Nyumba ya_Hﬁngu Hydropower
Station (8,000 kW), Hale Hydropower Station (21,000 kW); and Pangani
Falls Hydropower Station (17,500 kW) have been developed over this
distance to form one of the main electric pdéer source areas of

Tanzanias

A feature of the Kikuletwa River is that infiltration water and
- snownelt from Mt. Meru and Mt..Kilimanjaro contribute to the river
discharge in the dry season, so that a stable runoff is maintained
"throughout the year...This stable discharge for the above-mentioned

power stations is sustained by the base-flow discharge.

The Kikuletwa No. 1 and No. 2 Hydropower Projects are located in the
vicinity of tﬁe confluence of the:Kikuletwa_and Kware rivers,
approximately. 20 .km southwest of Moshi. The project area is located
"on the southern slope of Mt. Kilimanjaro, on a broad, gently undu-

lating plateau of 700-800 m elevation.

The Kikuletwa River fofmé e-steep V4shaped valley cutting through
the flat plateau from approximately 2 km downstream of the exietlng
TANESCO Power Station, with a river gradient of about 1/50 from

-~ that- polnt. " The top soll of the plateau is thin and ‘the basement
rOEK:ie tuff breecla. The V*shaped valley has been formed by river

cerosion.
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6.2 POWER GENERATION SCHEME
6.2.1 Kikuletwa No. 1 Hydropowér Development Project (Réhabilitation Plén)

The existing TANESGO Power Station, completed in 1935”1936, 1s a fun—
of~river powey station with an installed capacity of 1,160 kW.

The electric power produced here is supplied mainly to Moshi.
Because of a lack of replacement parts, adequate maintenance of the
power station has not been carried out. The civil structures and

" electromechanical equipment have seriously deteriorated, and the
statlon is béing operate& at only about 40 percent of its installed

capaéity. Repair or rehabilitation is urgently needed.

Repair and reinforcement of deteriorated parts can keep Ciyil struc—
tures, such as intake dams and headrace canals, in service for pro-
longed time periods. Electromechanical equipment, such as-tufbines
and -generators, however, cannot be completely rejuéeﬁated-by merely
ekcbanging parts. -Moreo§er, repair costs.W0u1d3be roughly the same

as that required for installing neﬁ equipment.

The Kikuletwa No. 1 Hydropower Development Project (Rehabilitafion

© Plan), therefore, calls for the reinforcement, insofar as possible,
of the existing civil stractures, such as intake dams and:headrace
canals, and fof the construction of a new 1,500 kW power statioﬁ at
the site of the existing power station. Further, the plan would
utilize the available head between the intake of the existing
Kikuletwa Power Station and the high ﬁater 1evei of'the intake danm
for the planned Kikuletwa No. 2 Hydropower Developmént Project
approximately 2 km downstream. With &his écheme, a maximum
available discharge of I5. 4 cu.m/sec and an effective head of 12,7 m

will be made available_to generate a maximum of 1,500 kW,

The annual energy production of this power station is estimated at
10.5 x 10® kWh. The generated power is to be transmitted to
Moshi along an existing 33 kV transmissioh line.

The outline of the Kikuletwa No. 1 Hydropower Development Project
(Rehabilitation Plan) is as follow5'
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(a)

(b)

{c)

()

(e}

Intake Facilities on Kikﬁletwa and Kware Rivers

The sediment deposited, by landslides from both abutments, on

the upstream side of the intake dams is to be removed, and the

‘gates will be repaired. Concrete damaged with the deteriora-

tion of intake facilities is to be replaced with fresh

concrete. -
Headrace Canals from the Kikuletwa and Kware Rivers

Bothjépen canals are presently Uniined, and sliding of the
canal slopes has resulted in a considerable depoéition of
déﬁris at the canal bottoms. These deposits will be removed,
and the canal floor will then be trimmed and lined with
concrete. As the canal walls are uniined, many parts are
damaged, and theré a:e-léaks in many placés. Because there is

also the risk of slope sliding, the slopes are to be stabilized

with shotcrete after having been trimmed.

Head Tank

The Kikuletwa No. | Hydropower Development Project calls for

_ the existiﬁg head tank to be.enlarged and used in the

Rehabilitation Plan. The deteriorated concrete at certain
parts of the head tank wall will be repaired.

Penstock and Poﬁérhouse

The relative pOSitions.of the penstohk route and powerhouse

were investigated, and it was determined that the powerhouse

will be -designed as a semi-underground structure, and that the

' penstock will be installed underground.
'Generating'Equipmeﬂt

 Afprbpe11ef"ty§eZturbiﬂe-is considered éuitable for this power
‘station,  The S—type tubular turbine and the Kaplan turbine
'wérgfétudfeda ‘Because the difference between dry-season

rdiéchérgé=and'average_discharge is Small;(as described in

Chépter-S); there would be very_iittle variékion'in turbine

‘efficlency. It was determined that;a horizontal*shafﬁHS*type
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(£

(g)

(h)

tubular turbine, which will require less excavation for the

powerhouse foundation, was adopted.

' The generator is to be 3-phase, AC, and synchronous.

Becaose the output of the project will be small in comparison
with the total system capacity in the afea, and because any |
outages here will have little effect on the system, one unit is
considered sufficient and appropriate. This is also favorable

from the viewpoint of ease of operation.

Transmission and Transfofmation Scheme

The substation is to be located adjacent to the switchyard,
which is approximately'IOO m downstream of the existing_power
station. The present transformer, cables, and terminal box,
which are leaking oil, are to bé_replated with new units. The
existing 33 kV transmission line is to be used without modifi-

cation.

Timing of Development

Given the present situation of a supply capability shortage in

the Kilimanjaro Region, which is resulting in an excessive bus
voltage drop in the region, the Project should be implemented
as soon as“poééibie. Rapid implementation will allow the sta-
tion to be coﬁmissioned in 1991, which will help to alleviate

the voltage drop.
Construction Cost and Construction Period

The construction cost of the Kikﬁietwa No. 1 Hydropower
Development Piojéct was eotimated on the aésumption-thoﬁ the
present engineering levels would be adopted for the preliminary
design, construction methods, and construct1on materials, and
taklng 1nto consideration the topography, geology, regional '
conditions, constructiop_environment, and other characteristics
of the project area. The cost estimate was made on the basis
of March 1988 p;iceé.:.Tﬁé construc;ion cost isjestimatéé at
USS87.198 million, as described in'Chabter 11. The construction

period is estimated to be 15 months.
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6.2.2

{1) ©Economic Evaluation

An economic evaluation of the Project by the internal rate of
return method yields an EIRR of 13.30 percent. Applyling a
discount rate of 10 percent, the benefit-cost ratio will be
1.27.

(j) Project Features
A detailed study of the optimum development scale is described
in Chapter 7,

Kikuletwa No. 2 Hydropower Development Project

According to the résults of study conducted during the Identifi-

. cation Stage, this projeét site {s the second most economically

favorable, following the Kikuletwa No. | Project. With this
pzoject, a development scale that can strengthen the power system in
the Kilimanjaro Region can be realized, The Kikuletwa River, from
the proposed intake dam gsite for this Projett to the existing power
station tailrace upstream, has a comparatively gentle gradient of
about 1/500.

On the other hand, the river gradient downstream of the proposed'

intake dam site is steep, at approximately 1/50, Using the head of
78.2 m by a headrace of 3,300 m, a maximum output of 11,000 kW can

be produced, with a maximum power diécharge of 17.9 cu.m/sec. The

annual energy production at this power station is estimated as
67 x 106" kWh. This electric energy will be supplied mainly to
“Arusha and Moshi, in the northern part of the Kilimanjaro Region.

‘The outline of the power generation scheme is as follows:

(a) Intake Dam and Daily Regulation Capacity

~ The intake dam site was selected in considération of

:topographical and geological COﬂdltiOﬂS- Geélogical investiga-

ﬂtions, includlng field lnvestigation, indicate that there are
._ no problems with the bearing capacity and permeabllity of the

foundatlon rock.
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(b)

(c)

(d)

Judging from the topographical conditions of the selected dam
site, and with a permissible dam height of 13 n, the effective
storage volume of the regulating oond will be 118,000 m3. It
will be possible to use this storage volume to supplement the
discharge during the dry season, As describéd in Chapter 7,
4.4 hours of peak generation can be achieved by 17.9 n3/sec

discharge even in the low-water season.

One sand fiush gate will be provided to handle the sediment
deposited at the upstteam face of the intake dam. Flood flows
will be discharged from a non—gated-overflow section provided

at the center of the dam.

Headrace, Head Tank and Penstock

A 3,300k non-pressure headrace, consisting of culvert and

open Cénal,'is planned for the head tank connection. In con—
gideration of economy and ease of construction, the headrace
route will be through comparatively flat plateau on the left

bank.

The head tank will have an overflow seotion at themleft side
wall, and overflow waﬁer will be discharged_into a stream on
the left_bank. On the basis of technical and econoumic com—
parisons of powerhouse and penstock 1ocationo, it was decided

that the penstock shall be installed on the ground surface.

Powerhouse

On the basis of various studies;.includiog_those'conCefning the
penstock route, it was decided that the powerhouse will be
constructed above ground on the left bank of the Kikuletwa

Rivef.
Generating quipmént

The Francis turblne is suitable for the basic conditions of the_
Kikuletwa No. 2 Hydropower Development Project. A vertical*
shaft Francis turbine is best suited to the topographical con-
ditions of the powerhouse site. Considering the system .

operation and the output called for by the development scheme,



| (e)

(£)

_(g)

a plural number of wain equipment uunits is desirable.
Conéidering the equipment'scale merit, it is proposed that the

power station utilize two units.
Transmission Line and Substation Scheme

A 33 kV double-circuited transmission line is to be constructed

‘between the Kikuletwa No. 2 Power Station and the Kiyungi

Substation. An outdoor switchyard {s to be provided at a flat
area near the head tank. A 33 kV overhead line is to be used
to conmect the equipment between the cutdoor switchyard and the
powerhouse. 33 kV double-circuited switchgears are to be

added at the Kiyungi Substation.
Timing of Development

The_Kikuletwa No. 2 Hydropower Development Project is not con—
sidered in TANESCO's master plan (reviewed in 1987) of the
power sector. On the basis of the power demand and supply
balahce in the Arusha—Kiiimanjaro region, however; it is felt
that the Project should be commissioned by about 1994. From
the étandpoint of power system planning, and to help cope with

the increasing power dewand in the region, to help mitigate the

' voltage drop, and to supplement the shortage of reactive power,

it is desirable that the progect be implemented as soon as

possible.

Construction Cost and Construction Period

The construction cost of the Kikuletwa No. 2 Power Development

Project was estimated with due consideration to the
topographical, geological, and regional conditions of the site.

The estimate& construction cost, as described in Chapter 11, is

US549.400 million.

On the basis of the various conditions which apply, the

. construction périod 1s estimated at 48 months.,
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(h) Economic Evaluation

The EIRR of this Project is 12,03 percent. At a discount rate
of 10 percent, the benefit-cost ratio will be 1.17.

(1) Project Features

A detailed study of the optimum development'scale is
described in Chapter 7.
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CHAPTER 7 OPTIMUM DEVELOPMENT SCALR

71 STUDY ON PROJECT FEATURES

The output of a hydropower station 1s determined by the available head
and the runoff. The head is mainly governed by the topographical features

of the intake and tailrace sites.

As mentioned in Chapter 6, it was decided that the best option for the
Kikuletwa No. 1 Hydropower Development Project is to utilize the existing
intake facilities, while the best option for the Kikuletwa No. 2 Project is
to locate the intake dam 2.2 km downstream of the existing TANESCO Power
Statdon. Given the topographical and geological conditions, the basic
layouts for these two plans would not change even if the:development scale
‘ware to chaﬁge. 'COnsequently, the'déVelcpment scale depends on the effec-

tive head and maximum power discharge.

At both project sites, the effective heads are ‘determined by the
1ntake water levels of the regulating ponds, the hydraulic losses of the
headraces, and the water levels at the tailraces. S$ince the effective
heads would not greatly change in response to change in the development
scale, comparison studies of several development scales were made for cases

when the maximum power discharges were as follows.

Kikuletwa No. 1 : 16 4 cu.m/sec, 15.4 cu.m/sec, 13. 3 cu.m/sec, 12.0
: _ cu. m/sec and 11.0 cu.m/sec _
Kikuletwa No. 2 :'_20.6 cu.m/sec, 17.9 cu.m/see, 15.1 cu.m/sec and

13.8 cu.m/sec

.7’.2 EVALUAT]ON ON OPTIMUM DEVELOPMENT SCALE
7.2.1  General

The evaiuation, which utilizes an equéliziﬁg diScoﬂnt'fate, is based
cn the "economic iﬁtefnai réfe of reiﬁrn“ (EIRR). The eQaluation
'_compares the present value of the total costs incurred from start of
construction through to a specified time after operation startup, to’
the present value of the total costs which would be incurred over

the same period by an alternative thermal power station.



7.2.2 Classification of Electric Power and Electric Epnergy in Supply

Pattern
(1) Firm Output: Pp,

Since Kikuletwa No. 1 Power Station is a run-of-river station, firm
ocutput is detefmined by the dally river discharge. That is, the
firm odtpht at the time of firm discharge Is expressed by the

following equation:

Ppr + 9.8'”‘HE'QLL

where, Py, £ Pmax

N :_total generating efficiency (0.85)
He ! effective head (m)
Qu: firm discharge (cu.m/sec)

Firm discharge (Qpy) is the discharge available throughout the year.
Using the discharge (Qd) estimated at the damsite{ as described in '
Chapter 5, the fifm discharge wésstaken to be the aveiage'véiué
(10.54 cu.m/sec) of the 90-percent discharge of the runoff duration

for the 9 years from 1968 through 1975,
(2) Firm Peak Output (Pp)

Since Kikuletwa No. 2 Power Station will have daily regﬁlating-capa-
bility; the firm output will be determihed.by'the pattern of the
daily load of power demand and the dailly river discharge. That is,
the firm peak output at the time of firm discharge is expressed by

the following equation:

Py = 9.8°M°H,.Qr,.24/T; -

where, Pp £ Ppax
n : total generating efficiency (0.85)
Ho : effective head (m)}

Quy: firm discharge (cu.m/sec)
Tp : peak duration time (hr)



(3) Annual Energy Production (B,

Ths aﬁhﬁai energy production was taken ts be the average value of

‘the annual total.eﬁergy production at the generator end calculated
using ths daily discharge at the dam site during the 9-year period
from 1967 through 1975. |

7.2.3 Calculation of Energy Production

The electric power and electric energy production defined in 7.2.2
are calculared by the method shown in Fig. 7.2.1 using the runoff
.data. The results are shown in Tables 7.2, I and 7.2.2. The daily
available discharge for power generation at the damsite for the
9—year period from January 1, 1967 to December 31, 1976 is shown in
Tables 7.2.3 and 7.2.4,

7.2.4 Benefits

Only the direct benefits accruing from the electric power to be pro-—

duced at Kikuletwa No. ! and No. 2 Power Stations were considaredQ

Construction costs, operation and maintenance costs, and equipment
replacement costs for alternative equivalent thermal power stations
were estimated. These costs were considered to be the benefits of

the proposed hydropower progects.

7.2.5 Costs

The costs for the indlvidual cases used in evaluatlng the power
' generat{on progects consist of constructlon costs and operation and

~maintenance ‘costs (0&M).
(1). Construction Cost’ -

The constructlon cost comprises the: cost for civil facilities,

includlng access. roads and preparatory work hydraulic equipment,
'_electro—mechanlcal equipment, ~and transm1551on and transformation

_facilities. .Engineering and administrative costs, asd a contingency

amount, were also added-in_arriving at a total éonstructioh cost .
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(2)

(33

The construction cost was estimated at March 1988 prices.
Operation and Maintenance Costl

The operation and maintenance cost was calculated based on the

calculated construction cost, to which were applied the following

ratios.
Civil facilities: ' 1%z
Hydraulic equipment: _‘ZZ
Electro-mechanical equipment: 2%
Transmission and transformation
facilities: 1.5%
Costs

Cost breakdowns for the individual cases studied are shown in

Tables 7.3.2 and 7.3.5.

7.3 OPTIMUM DEVELOPMENT SCALES

7.3.1

(1

Kikuletwa No. 1 Hydropower Development Project (Rehabilitation Plan}

‘Maximum Power Discharge

Comparison studies were made of ﬁhe five cases given in Table 7.3.1
by applying maximum power discharges of between 11.0 and 16.4

cu.m/sec.

The relationships between benefits and costs of these cases atfe
shown in Fig. 7.3.1 and Table 7.3.3. | For all the cases, the water
level of the head tank was taken to be 830.30 m. The méximﬁh.power
discharge of 15.4 cu.m/sec, achieved in Case 2, was found to be

the optimum scale; the output for this would be 1,500 kW.

The factors for determining the maximum power discharge in the reha-
bilitation plan are, first, the runoff at the intake dam site, and

second, the equipment cost for electro~mechanical eQuipment, etc.

As indicatea by Fig. 7. 3. t, the benefit curve shows a section of

gradual increase between 11 and around 15.4 cu,m/sec, and a section



(2)

(3

7.3.2

1)

of more sudden increase. Benefit increases as the maximum power
discharge increases, and the curve shape becomes similar to the

runoff duration curve.

In determining cost, the electro-mechanical equipment cost and the
headrace construction cost are the principal variables. The
headrace construction cost is rouéhly constant up to 15.4 cu.m/sec,
so that the gradieﬁt of the cost curve as equipmént capacity changes
will be roughly constant. For power discharge gfeaﬁer than 15.4
cu.n/sec;, however, the electro-mechanical.equipment cost increases

greatly, and the curve gradient becomes steeper.

‘The benefit—cost curve relationship, therefore, indicates that the

optimum scale is 15.4 cu.m/sec.

'Rated Head

The normal water level of the head tank is EL. 830,30 m. This is

'the'1EVel which will permit the continued use of the present faci-

Iity és'deScfibed.in Chapter 9. From the viewpoint of topogfaphy,

too, it would be difficult to draw water at a higher intake level.

The tailrace water level is set at EL. 817.40 m, in consideration of

the influence of back-water on the intake level at Kikuletwa No. 2,

- which will be construcfed 2.2 km downstream.

Costs

The c§Sts.for the Kikulefwa No. 1 Project are shown in Table 7.3.2,
Kikﬁigtwa No;'2 Hﬁdroﬁower Development Project

Maximum quer Discharge

The results of comparison studies of four cases of maximum power

 discﬁargé between 13.8 and”20.6'¢ﬁ,m/éec aré.éhdwn in Table 7.3.4.

- The rélatidnships of maximum:power'dischérge, benefit, ahd cost are

shown in Fig. 7.3.2. and Table 7.3.6. The water level of the head
tank is BL. 812.3 m. Based on this figure, the optimum maximim

'powef discharge is around 17.9 cu.m/sec (Case 2), producing an out-

put of 11,000 kW.
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(2)

There are three principal factors for deterﬂining the maximum power
discharge of this hydropower plan. The first is the runoff duration
at the intake dam site, the second is the headrace comstruction

cost, and the third is the electro-mechanical equipment cost.

As Fig., 7.3.2 shows, the benefit curve shows a'comparatively gradual
inctease'as_maximum power discharge increases. The kWh-value and

the kW~value of the electricity cqntribute'to this tendency.

For determining cost, the principal variable factors in this case
are the electro"mechanicél eduipmént cost-and the headrace construc-
tion cost. The cost per kilowatt of electro*mechanical equipment
will vary more or less linearly. The headrace construction cost
curve shows a spiit at the point for Case:Z; the variation in
construction cost per kilowatt is large from Case 4 to Case 2, and

is small from Case 2 to Case | is small.

Based on the benefit and cost curves, the optimum maximum power

discharge is about 17.9 cu.m/sec.
Regulating Pond Capacity of Kikuletwa No. 2 Hydropower Station

The power dischérge of the Kikuletwa No. 2 Hydropower Deveiopment
Project will be gévernéd.b& the inflow at the intake site. The
monthly average available discharge at the intake site of Kikuletwa
No. 2 Power Station, 4in the case of a maximum power diqcharge of
17.9 cu.m/sec, will be 12,38 cu.m/sec (9~year average from 1967 to'
1975), with a maximum monthly average available discharge of 15.68
cu.n/sec in May, and a minimum monthly average available discharge

of 11.26 cu.m/sec in September.

The 90-percent firm discharge for the 9-year period from 1§G7Ito
1975 is 10.54 cu.m/sec. If a regulating pond is not provided at the
Kikuletwa No. 2 intake_site,_it will not'be'pbssible'to_fegulate the
discharge to correspond to variations. in power demand..-ln_sgch a
case, the power station output'ﬁouid fluctuatélcbrfesponding to
variation in available power discharge, and the value of ‘the” power
station_would suffer. A regulating pond is, therefore, required.
The cousiderations described below indicate_th?t the regula;ing pond
capacity of the Project is 117,800 Ui
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-(iij

Reqﬁired regulating Capacity.from Representative Daily Load

Curve of Power Demand

Assuming that Kikuletwa No. 2 Power Station supplies electric
power for peak demand of the daily load curve in the dry
season, the following regulating capacities will be necessary

at 90-percent firm discharge (10.54 cu.m/sec).

Peak Duration Regulating Capacity Required

5 hr ¢ ' 132,000 cu.m;
(17.,9-10.54) cu.m/sec x 5 hr x 3,600 sec

4 hr 106,000 cu.m;
(17.9-10.54) cu.m/sec x 4 hr x 3;600 sec

3 hr 79,000'cu.m;
(17.9-10.54) cuo.m/sec x 3 hr x 3,600 sec

Based on the actual daily load curve of the Arusha and Moshi

areas as recorded on September 24, 1987, the'peak duration

time is estimated to be 4 to .5 hours. (See Figs. 7.3.4 &
7.3.5) '

As the Kikuletwa No. 2 Hydfopower Station is to supply power
to meet peak demand, a storage capacity for about 4.4-hour

peak (18% peak) operation 1s considered necessary.

The regulating capacity necessary for'éQﬁ—hour peak operation

will be 116,600 cu.m, as calculated below.

(17.9~10.54) cue.n/sec x 4.4 hr x 3,600 sec
= 116,600 cu.m '

Storage Capacity of Reguléting Pond

The'water:13v91 and_stdrage_capacity curve for the intake

.sitevéfé shown in Fig. 7.3.3. The total storage capacity

will be 208,800 cu.m at the regulating pond's normal high
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water level of EL. 818.00 m. At the low water level of EL.
B16.00 m, the storage capacity will be 91,000 cu.m.
Consequently, the regulating pond capacity will be 117,800
cu.m. (208,800 m3 -~ 91,000 m3).

(iii) Variation in Power Discharge

The power discharge of Kikuletwa No. 2 Power Station will
vary according to the inflow at the intake site.

In case of peak duration time of 4.4 hours,

(1) Off-peak power discharge at 90-percent firm dischafgé of
10.54 CUal/SECensrcsnscnssssrssess ess 8,89 ciu.m/sec

(2) Off¥peak power discharge at minimum monthly average
intake of 11.26 cu.n/sec vesvsscnsanes 9,77 cu.m/sec

(3) Off-peak power discharge at monthly average

~intake of 12.38 cu.m/sec essecesessss 11414 cu.m/sec
The relationships of the above ate shown in Fig. 7.3.6.

It is thought that actual daily load will vary considerably, so
that the power discharge at of f-peak hours will vary according to

the peak durafion'and the inflow.
{3) Costs

The costs of the Kikuletwa No. 2 Project are shown in Table 7.3.5.
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Fig. 7.2.1. CALCULATION PROCEDURE OF SUPPLY CAPACITY
AND ENERGY PRODUCTION

input Data Input Deta :
o Qmox : Maximum Discharge
Site e ]_ .
(‘Jan 1969 ~ Dec. 1975 ) A
- Computation of Supply Capacity

. \
Firm Dischaorge & Monthly
Avaitabe Discharge _ : -
QuL * Firm Dischorge B
Qua : Monthly Available Discharge

No

Qmox = Quu-24hr / Tp

Pr 9.8 4 - He - Qmax © | Pr=98 - ¢-He - QL 24 hr/Tp
= ) _ |

Yes. Qmax < Qdi

Qui = Qmox . I Qui = Qdi

Eri =9.8- ¢+ He-Qui*24hr
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STUDY FOR OPTIMUM DEVELOPMENT SCALE

KIKULETWA No.l1 PROJECT

Fig. 7.3..
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Fig.7.3.2. STUDY FOR OPTIMUM DEVELOPMENT SCALE
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Fig.7.3.4. DAILY LOAD CURVE AT NORTHERN REGION
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CHAPIER 8 POWER TRANSMISSION SCHEME AND
POWER SYSTEM ANALYSIS

8.1 KIKULETWA NO.1 POWER STATION (REHABILITATION)

(1)

(2}

Power'Transmission Method

" The electric power generated at the Kikuletwa No. 1 Power Station

(1.5 MW}, as shown in Figs. 8.1.1 and 8.1.2, is to be sent along the
existing 33 kV transmission line to the Kiyungi Substation.

Transmission Line Facilities

The existing transmission line may be outlined as follows:

‘Section : Kikuletwa No. 1 Power Station — Kiyungi

Substation (15 km)
Voltage ¢ 33 kV
Conductor ﬁize : HDCC 0.1 sq.in (corresponding to 65 mm?)
Number of circuits: 1}

Current carrying : . _
capacity : 310 A (corresponding to 17 MW/CCT, ambient
. temperature 40°C)

w

in order to enhance reliability, it will Eé'hecessary to replace or

reinforce some of the wooden poles supporting the line.

8.2 KIKULETWA NO.2 POWER STAT[ON

(1)

(2)

Power Transmission Method

The electric power generated at the Kikuletwa No. 2 Power Station
(11 MW) is to be transmitted to the Kiyungi Substation along a newly
constructed 33-kV, 2-cct transmission line (Figs. 8.1.1 and 8.1.2).

Transmission Line Facilities
The transmission line to be cbpstructed may be outlined as follows:

Section .. % Kikuletwa No. 2 Power Station -~ Kiyungi

Substation (14 km)_

8-1



Voltage ‘ : 33 kv
Number of circuits: 2
Conductor size . Wolf (corresponding to ACSR 160 mm?)

Current carrying : : : o
capacity : 460 A (corresponding to 25 MW/cct, ambilent
temperature 40°C)

Although a single circuit transmission line would have sufficient

capacity, double circuits are preferable for the following reasons:

- To increase reliability of power supply in the'poﬁer system
~ To improve voltage maintenance capability in the

Arusha-Kilimanjaro Region

8.3 POWER SYSTEM ANALYSIS

(1

(2)

Analysis

Power system analyses were conducted to examine the system charac-

teristics resulting from construction of new power sources and asso—

" ciated transmission line. The analysis covered the following:

- Effect of improving electric power systém with rehabilitation of
Kikuletwé No. | Power Station and construction of Kikuletwa No. 2
Power Station ' _. |

~ Transmission line for Kikuletwa No..2 Pdwer-StaﬁiOn

~ Power flow and voltage calculatidns for use in analyzihg:the.
above-mentioned itens ' _

~ Short-circuit current calculations for determining switchgear:

specificatiqgs

Calculation Préemises.

Premises for the power system analysis wefe as follows:
(1) Objective years and Items of Calculation

The expansion plans for power stations énd the tranémiséion
lines, and the system calculation items required for these

plans, are shown in Table 8.3.1,



The scope of the power system considered in the calculations
covers the 132 kV, 66 kV, and 33 kV systems from Chalinze
Substation to Njire Substation, which are part of the inter-

connected system. The impedances are shown in Fig. 8.3.1.
(111) Power Flow and Voltage Calculations

Power flow and voltage calculations were made based on the

system operating conditions shown below.

System vqitage ' : : 100 + 5%
Operating voltage of genérator : 100 + 5%

Operating power factor of generator: Above 0.80

Tap ratio of transformer ¢ 1.00 +°0.10
Poﬁer fabﬁor'of load : 0,95

Time band of load - : ¢ Peak hour
Bﬁs'ﬁbltage at Chalinze Substation : 100%.constant

‘See Table 2:2,12

T

Power demand and supply
. (iv) ~Short-circuit Current Calculation

Short—cifcuit cﬁr;enﬁ éalculations were made baged on the
assumed-pdwer syst;m in 1994, The short?circuit currént'
,flowing into ;he.132 kV bus of the Chalinze Substation from
the inﬁerconnected System was assumed at 2.2 kA
' (Ebrfesppnding to 500 MVA). The generator reactance used in

the calculations is transient reactance (Xd').
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