g£.2.3

Upper Kihansi Project

(1)

Study on Dam Scale

In “8.2.2 Study on Reservoir Scale", a comparison
study is made based on. the minimum dam scale for
securing the storage capacity of each case. The
economics when dam scales are increased with the
optimum storage capacity fixed at 75.1 x lOGIf for
the three cases of high water level EL. 1,370 m,
1,380 m and 1,390 m are studied, and the results are
given in Table 8-8 and Fig. 8-10. '

Acc.c.rding to the results of the study, when the dam
scale is made large, the head increases by the rise
of intake water level through the'ihcrease“in dam
height and decrease in available draWdown, but the
dam volume is also increased sharply, and the
increase in cost due to this greatly exceeds the
increase in  benefit, and the economics of the
Project is extremely impaired. Therefore, the dam
scale with EL. 1,360 m as the high water level,
which is the minimum scale of the dam requiréd for
securing the optimum storage capacity of 75.1 x

10615; is taken as the optimum dam scale.
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Table 8-8 Study on Optimunm Dam Height of Upper Kiﬁansi Heservoir

Case 1! Cagse 2! Case 3? Casc 4
1ten Unit
Upper Kihansi UpperKihansi Upper Kihansi | Upper Kihansi
Hfgh Water Level. ‘ ‘m 1;390.00 1,380.00 1,370.00 1,360.00
Lower Water Level m 1,380.50 1,368.00 1,351.00 1,330.00
Available Drawdown gm-3 2.50 12.00 19.00 30.00
Gross Storage Capacity 106 my 279.30 200.10 140.00 94.90
{Effective Storage 10 m 75.10 75.10 75.10 75.10
Capacity : .
Rockfitl Rockfill Rockfill Rockfill
Dam Type .
Dam Height x Length 3m 3 125 x 680 115 x 650 105 1 620 95 x 583
Dam Volune 10 m 11,500 2,200 7,600 5,300
Maximum Discharge m3/‘ 25.70 25.70 25.70' 25.70
Standard Intake Water rm 1,390.00 1,330.00 1,370.00 1,360.00
Level ) . :
Tail Water Level - m 1,138.50 1,138.50 1,138.50 1,138.50
|Gross Head m '251.50 241.50 231.50 221.50
Effective Head m 244.50 234.50 224.50 214.50
Installed Capacity L 54 51 49 47
firm Peak Power ] M 100.1 96.3 92.1 86.1
Annual Energy Production 106 kWh . 330.9 371 298.3 275.1
Annual Firm Energy 107 kdh 3779 366.8 352.9 335.7
Production :
Annual Benefit 3 o
Peak Power Benefit 103 Us$ 26,237 25,241 24,140 22,568
firm Energy Benefit 107 Uss 12,939 12,605 12,127 11,537
Total Benefit (8) 103 Uss 39,196 37,846 36,267 34,105
Investment Cost 6
_Civil Facilities Cost 'IO6 uss 443.2 362.5 293.5 239.5
Electro-Hechanicat 107 uss 27.5 26.3 22.1 21.5
-Facilities Cost 6
Total 107 Us$ 470.7 388.8 315.6 261.0
Annual Cost - 3
Civil Facilities Cost 103 uss 46,935 38,389 31,082 25,363
Electro-Mechanical 107 Uss 3,266 3,122 2,623 2,552
Facilities Cost
Total Cost (C) 10° uss 50,199 41,511 33,705 27,915
Annual Surplus Benefit. |103 US$ -11,003 -3,665 2,562 6,150
(8 - Cy ' -
|Benefit Cost Ratio (B/C) 0.781 0.912 1.076 1.221
Unit ‘Annual Cost US$/kh 0.133 0.113 0.0%6 0.083
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Fig; 8-10 Study on Optimum Dam Height of Upper Kihansi Reservoir
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(2)

(3)

Study on Maximum Discharge and Installed Capacity

The maximum discharge and installed capacity of a

‘hydroelectric power plant need to be selected to be

the most ecbnomical considering the peak duration
and site characteristics, In "8.1 Comparison Study
on Development Scheme", and "8.2.2 Study on
Reservoir Scale", it was decided that the peak

duration time for a reservoir-type hydroelectric

rpower: plant  in Tanzania 1is to be 13 hours as
~standard c¢onsidering reserve capacity added to the

annual load factor of the whole system, and in the
Upper Kihansi Project, based on the peak duration

~time and firm discharge of 11.80 m’/s and considefing

the effect on the Lower Kihansi Project in case of
decrease in intake capability due to lowering
reservoir water level, the maximum discharge is:
selected to be 25.7 m’/s with installed capacity
47 MW.

‘The final decision on the maximum discharge and

installed capacity of the Upper Kihansi Project is
to'be made at the time of the feasibilitﬁ study for
the Upper Kihansi Project to be carried out
hereafter.

Study on the Number of Turbine and Generator Units
The number of-turbine and generator units for the
Upper Kihansi Project is selected to be 1 unit

considering economy of scale of the construction
cost. |
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(4)

Optimum Development Plan =

The outline of the optimum developmeht plan of the
Upper Kihansi Project determined in the studies made

up to this point are shown in Table 8~9. The
inflows, ~discharges, -spillover quantities when
operating Uppér Kihansi Reservoir for the 6l-year
period from 1927 to 1987 are shown in Table 8-10 and
Fig. 8-11. The monthly enexrgy production and firm
energy production are shown in Tables 8-11 and 8-12,

and in Fig. 8-12. The monthly peak power and peak -
power duration are given in Tables 8<13 and 8-14.
The preliminary estimation of construction cost for
the optimum development plan is shown in Table §-15.
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Table 8-9 Outline of Optimum Development Plan
of Upper Kihansi Project

Reservoir

Catchment Area

High Water Level

Low Water Level

Available Drawdown

Gross Storage Capacity‘
Effective Storage Capacity
Annual Average Runoff

Firm Discharge

bam

Type o
-"Height x Length
Volume

Power Station :
Standard Intake Water Level-

Tail Water Level

Gross Head

Effective Héad

Maximum Dischéfge
Installed Cépaéity

Unit Type x Number of Unit
Firm Peak'Powef

Annual Total Energy Production

Annual Firm Energy Production

583 km’
1,360.00 m
1,330.00 m
30.00 m

94.90 x 10° w’
75.10 x 10° m’
15.68 w'/s
11.80 m'/s

Rockfill
95 m x 583 m
5,300 x 10° ’

1,360.00 m
1,138.50 m
221.50 m

214.50 m

25.70 m’/s

47 MW

Vertical Francisxl
36.9 MW

(86:1 MW)

237.1 x 10° kwh
(275.1 x 10° kwh)
175.7 x 10° kwh
(335.7 x 10° kWh)

" Note: Flgures in ( Y show the values of cases ‘including power

generatlon lncrease in the Lower Kihansi - Project due to

" regulating effect of Lhe Upper Kihansi Project
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Table 8-10 Summary of Operation Study on
Upper Kihansi Reservoir

unit: 0%

: : Pawer i

Year Inflow 1ischarge Spill

© 1927 343,84 418,92 0.0
1928 367.62 362.46 0.0
1929 331.24 . 336,40 0.0
1930 398.91 385.88 0.0
1931 517.11 482.81 0.0
1932 535.32 535.59 0.0
1933 453,95 462,80 0.0
1934 - 430.24 420.24 0.0
1935 422.67 438,22 0.0
1936 £91.59 544,66 21.38
1937 464,59 467 .56 0.0

- 1938 282.86 328,10 0.0 -
1939 438.27 400.14 0.0
1940 479,74 436,79 0.0
1941 409,34 424,21 0.0
1942 506.86 474 .87 0.0
1943 350.02 398,23 6.0
1944 388.25 348.31 0.0
1845 342,32 439,30 0.0
1846 362.09 396.48 0.0
1947 470,80 431 .16 0.0
1948 425,00 159.62 8.0
1049 350.64 354,23 0.0
1950 380.81 365.44 0.0
1951 357.52 366,21 0.0
1852 535.32 489.06 5.01
1953 303.12 351.05 0.0
1954 200017 280,17 0.0
1955 472.97 - 429,39 0.0
1956 483.50¢ 488.18 0.0
1957 533,31 524,60 8.0
1958 531.89 531.89 0.0
1959 429.10 443,37 0.0
1960 h32.18 512.63 14.85
1961 414.68 412.73 0.0
1962 720,01 620.53 91.86
1963 724,84 634.73 - 99,11
1964 707.91 658.32 49,59
1965 585,14 555,14 0.0
1966 B47.97 560,33 0.0
1967 577.58 544,46 . 0.0
1968 888.16 716.93 191.99
1968 539,65 : - 539.64 6.0
1970 543.61 543.61 0.0
1871 525,53 525.53 . 8.0
1972 656.89 638.13 18.76
1973 ) 678.50 628.56 46,04
1974 - 636.01 613.86 22:15
1975 474.60 474.60 . 0.0

- 1976 513.02 513.06 0.0
1677 438.36 438,32 - 0.0
1978 476.85 476.85 8.0
1979 709,22 678.36 30.86°
1980 449,57 449,57 0,0
1981 388.80 415.47 0.0
1982 412.09 385,42 0.8
1983 579,54 . h79.54 0.0
1984 531,98 - 531.98 0.0
1985 . - 639.58. 639.58 6.0
1986 755.81 104,54 51.27
1987 543.37 543.37 0.0

10.46.

Average 494.79 . _ 484.78
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Table 8-11 Total Energy Generation of Upper Kihansi Project

&

UNIT: 107 kwh

YEAEONTH < JAN-> < FEBE > < MAR > < APR > < MAY > < JUN > < JUL > < AUG > < SEP > < OCT > < HOV > < DEC >  <TOTAL>

1927 34,78 28.37 . 14,48 14,23 14.868 - 14.35 14.67 14,41 13,42 9.70 a.a3 13.21 196.33
1928 10.53 10,50 15,93 14.3% 15.27 14.85 15.28 15.12 14,42 t4.56% 13.85 14,132 168.88
1929 13,11 - 8.85 13.93 14,32 . 15.40 14,85 15,19 14,93 14,10 13,5¢ 7.8% 8.860 154,85
1930 - £3.5% 3.0 22.91. 35.78 15,82 15.41 15.92 15.82 15.14 15.41 14,65 . 14.73 184.83
1931 L 18.37 13,64 31.90 32.38 . 22.94 15.66 20.72 - . 17.98 16.25 £5.99 15.32 15.68 234,80
1932 . 28.91 30,46 32.22 32.62 22.02 18.85 20,19 17.76 16,13 15.99 15.33 15,67 264,17
1933 279.42 z%.25 2%.21 . 18,72 15.88 . 15.57 - 16.09 16.18 . .15.56& 15.94 15.24 15.48 224.76
1934 26.97 23,36 15,16 14,43 15.42 15.26 15.96 16.01% 15.48 15.90 15,24 16.17 205,37
1935 24,55 26.07 26.59 14.18 14.81 14.37 15.76 14,56 13.60 13.05 1¢.57 14.61 203,93
1936 28.27 27.27 15.70 32.02 34.96 24.29 23.35 20.14 18,03 17.53 15.35 12.70 2#5.11
1937 . ?5.23 | 21.28. . 31.69 14,75 18.85 17.89 19.45 17.13 . 14.23 16,62 15.33 15.65 229.90¢
1938 14.93 18,45 14.23 13.77 14,37 13.468 11,22 9.67 B.61 9.91 9.27 9.02 148,91
1939 13.96 11,05 13,93 27.83 15.95 15,90 18.02 14.09 15.55  15.92 15.21 15.4¢ 194,89
11940 28.71 2614 16.35 17.37 . 15,85 J15.47 . 15.99 © 15,92 15.27 15.60 14.89 15.20 212.78
1941 15.08 29.02 22.96 .. 14.21 15.586 . 14.95 15.44 15.35 14,68 14.90 16.24 14.65 200.6%
1942 16:30 21.80 30,08 24.25 18.856 . i8.84 29.09 17.51 15.89 15.98 15.30 17.92 232.80
1963 19.52 2r.96 15.49 14.24 15.364 15.22 15,66 15,50 14.80 15.00 14413 13.31 190,18
19464 .. L i0.66 7.89 11,84 14,460 . 15.86 15.52 L8608 15.94 15.27 15.54 14.82 15.31 169.15
1945 . 25.40 23.81 16.77 14.69 21.94 14.72 18.486 16,16 . 15.56 15.92 15.20 15.52 216,14
1946 16.14 17.33 14,31, 21.40 15.83 15.41 15.86  .15.75. - 15.C3 15.27 - 14,46 14,53 191.32
1947 14.53 19.43 . 23.09 14.55 15.69 15.51 16,106 16,10 15.55 15,93 15.21 28.81 210.50
- 1948 33,58 28.09 27.84° . 14.29 5. 14 t4.82. 15.32 . 15.23 K4.56 14.76 14.07 14,28 221,98
S194%9 . 13.40 16,63 - 14,45 14.40 15.27 14.79 15.47 7 14.94 14.38 14.19 834 7451 163.26
. 1950 7e41 O 9.37 . 20089 14.43 . 15.52 15.33 15.85 15.77 15,142 15.42 14,68 15.80 124,80
1951 14.35 12,70 13.94 14,01 15.08 16,84 14.99 14,746 13.91 11.83 134487 16.27 168,13
1952 14.43 23.57 23,00 17.89 34,63 21.94 29.75 17,88 16,04 15,98 18.84 15.73 240,48
1953 18.69 17.35 14,44 14,02 15.77 14.43 14.71 14.38 12.42 C Bu4b 7.53 11.08 161.5%8
1954 13.94 11.40 11.89 13,4E 11.54 16.86 9.40 . 8,71 . 7.B0 T 7.82 4.88 4.96 123,07
1955 8,38 12.79% 16.91 . 30.586 20,84 19.99 20,57 17.78 15.94 15.98 15531 15.62 210.4%
1556 30.88 29.1£ 15.07 29.%8 i5.96 . 17.57 19.07 18.61 15.:56 15.96 - 15.22 15.48 239.49
1957 . 28.11 .29.22 20.23 26,18 28.98 17.91 19,64 18.24 §7.17 17.4% 15.%1 19.02 258.03
1958 25,45 - 25.B6& 31,02 29.21 22.59 16,74 - 18.78 17.65 16.57 17.48 15.74 ‘23.72 261,17
1959 26403 26.12 24.68 - T14.51 i5.47 15,11 15.62 15.59 15.02 t5.41 ~ 14.80 15.23 213.58
1960 15,17 26.09 31.90 . 32.34 33.92 17.97 16.81 16.11 . 15.45 15,77 15.07 15.42 252.01
1961 18,60 25.582 17.98 - lé4.48 15.57 15.31 15.70 15.62 14.98 15.27 14,63 15.26 198.97
19462 34.33 31.58 - 34,96 .- 33.83 34,94 24,94 - .24.24 21.58 17.47 .. 19.70 17.06 20.81 215,45
1943 34.02: 30.98 . 34.31 = 33.83 34.96 1 23.35 25.12 21.58: 19,74 19.45 25.98 t7.37 . 321.28
1964 3114 30.60  33.39 33.49 34,96 29.50 27.54 25.00 21.84 20,89 18.75 22.19 329.30
1985 . 29.72 29.28 31,84 22.28. - 20.14 . 17.56 20.05 18.83 17.53 18.23 1¢.82 20.76 273.064
1946 ‘29.24 26.33 . 32,00 32.87 30.15 19.74 . -20.07 ° 1%.28 17 .95 £5.93 - 15.146 15.40 276.11
S 1967 . E1,51  2B.21 23.57 15,62 27,91 © 21.63 21.27 19.45 17.71 17.96 19.50 38,77 269,11
1968 35.09 . 32,71 34.96 33,83 34.9¢ .. 33.83 32,43 28.11 24,74 22,92 21.94 28.52 385.07
1949 33.57 . 2%.44 29.94 22.06 - 22.98 17,93 19.91 15.52 17.39 i7.08 16,79 19.08 245.69
1970 . 33.5& 30,26 . 34,16 | 33.34 15.98 15,57 18,02 - .17.38 16.39 16,51 15.33 - 25.20 271.29
(1971 - 27,19 29.30 26.14 27.99 17.72 15.97 20.7% 18.09 17.22 zt.92 16.76 19.53 258,55
1972 3n,12 28.22 32.27 32.70 LTS 24,546, 23,02 19,46 20,49 19.90 18.51 32,71 336,50
1973 36.39 31.20 34.56 O 33.84 34.96 24.62 .  23.62 20,54 19.56 19.68 18.51 22.55 338.03
1974 33,06 29.89 31,35 32.28° : 34,89 - 26.91 23.91 ig.73 19.5%9 19.40 17.82 15.78 304,59
1975 . 27.56 . 22.686 15.90. 15,87 24,79 20.97 20.54 18,47 18,10 17,04 15.34 17.69 234.73
1976 26.00 = 24,74  23.51 14.88 25.15 . ° 25,24 22.98 20.05 17.89 17.64 15.35 15.70 253.17
1977 24.99 20.50 . 16.05 . 14.65 17.05 °  i7.54 18.76 - 16,68 15.57 15,94 15.42 23,23 214.39
1978 . 27.4¢ 24.32 . 21.17 | 1s.62 22.15 19.13 19.44 14,62 15.57 15.94 15.78 22.15 235,04
A7y 33,51 2%.28 . 51.8% . 32.2% B3h.69 33,83 32.00 26,80 21.18 19.69 18,76 23,90 335.8¢
21989 29.14 28.09 18,04 SA4a47 - 15.89 1. 15.59 18.17 17,14 . 15.72 15,99 15,33 37.51 220.87
1981 23,09 22.94 . 17.76 14.46 15.51 15.25 (15,76 . 15,465 15,04 15.36 [ 14.64 14.89 200,40
1982 14,66  13.03 14.37 14,30 15.57 . -15.51 16,09 . 16,05 15.43 15.82 15.22 22.24 186,30
1983 33.86 29.79 26.20 - 21,14 33,14 28.25 - 25.7% 20.39 18.02 17.54 15.5B 17,641 287.09
1984 .- 23,80 23.64 - 22,27 17.06 29,04 25.05 23.57 19.44 17.83 17.90 16.37 26,97 262.98
~1985 33,82 29.87 32.02 . 30.19 30.98  26.18° 25.58 20.96 18,86 18,10 . . 19.81 ¢ 30.13 316,41
1988 . 33,87 30.47 33,72 0 33.1B 3L.9% 33,83 31.645 26.20 24.16 '19.97 22.34 32.79 ‘353 .94
19687 .. :33.B0 ‘30,086 32,68 . 14.B3... 21.46 21,71 - - R2.21 19,16 . 16.93 17,54 16.95 ' 22.04 - 2&9.56

TOTAL 1667.94. 1442.48 1433-55_.13.22-67 13468.70 '1164.,15 1180.02 1073.42 494,53 989, 2§ 936,83 1107.22 14540.71

AVE 25.06  23.65 23.50 21,68 - 22,14 _ 19.08 - 19.3¢ t7.80 16.30  16.22 15,36 18,15 237.06
CLUMA X 35,09 32,71 0 34,960 33.840 - 34.96 33,83 33,43 . 2B.15 . 24.76 22.92 25,98  34.77 365,07
CMITN Taal . 7.89 £1,86 - 15,48 - 13.94 . .10.86 9,60 8,71 7.80 7.62 &.88 8.96 123,07
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i4.95
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15.71

14,69
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14.09

9.60
t6.09
164.0%

16,09 .

6009
i5.38
15.09
15.4%

16.09:

16.09
16.09
15,07
16.09
16,09
16.09
16.09
14 .0%
15.09
16,09
16.09
i6.09
16.09
16.09
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16.09 -
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15,59
146.08%
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1£.909
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16.09
16.09

952.38
15.81

16.09

50

13.67

L1469

14,40
15.67
16.0%
16.09
16.0%
15.94
13.88
16.09
16,09
2.47
16.09
15.81
15.00
16.09
15.22
15.84

16.09-

15.56
16.99
14.83
14.44

15.40"

14.14%
16.09
13.63

8,71
15.09
16.09
16.09
16.09
15.34
16.09
15.38

16.09

16.09
$6.09
16.09
16.09
36,99
14.09
16.09
16.0%9
- 16.09
16.09
184,09
‘§6.09
16.09
16.09
16.00
16.09
c16,09

14.09 -

15.47
14,00
16.09

i6.09 .

16.0%
16.0%
1&6.09

945.98
15.51
1409

8,71

12.77
13.89

13.49 -

14.92
"1%.54
£5-54
156.52
15.40
13.03
15.54
15.54
8.61
15.50
15,190
16.27

15.54

14.44
15.10
15.51
14.746
15.5%
14-10
33.53
14.89
13.18
15.54
12.12

7.80
15.54
15.53

15.54°

1554

14,74

15.37
14.79
15.54
15.54

15,54 -

15.54
15.54

15,56

i15.:54
15.54
15,54
15.54
15,54

15,54 °

15.5%
15,54
15.%4
15.53

115,53

15.54
i5.54
14,77
15.33
15.54
15,54
15.54
15.54
15,54

Fcé.61
14.86
158.54

7.80

9,70
13.96

13.28°

15.08
15,91
15.91

15,86

15.79
13.05
15,91
15.91

3.91
15,81
15.35
15.36
15.90
14.51
15.26

15.81 .

14.88
15,82
14.17
13.36

15.1907
11,837

15.90
B.46
7.62

15.8%

i5.84

15.91

15.91

15.08

15,59

14,88

15.91

15.91

is.91

15.91 - .

15.82

1%.9%-

15.91
15.91
15.9%

15,910

I15.91
15,94
15.014

15.91°
©1B.9h ]

15.87
15.86
15,91
15.50
15.01
15.56
15.91
15.91

V15,947

15,91

15,91 -
215, 76"

15.0%

T15.91°

7.62

8.83
“13.08
Yt
14,22
15.18
15.20
15.06
15.06
10.57
15.22
15.20

9.27
15.02
14,56
£3.65
15.15
13.48
R TAYTS

15,00 °

13.55
15.02
13.41

8434
14,26

iz.84
1%.21
7.53
6.88
15.16
15.04

15.22

15. 22

14 .45

14.82
14.20
15,22
15.22
15.22
15.22
14.95
A5.2%

15.22

1%.22
15.18
15.22
15.22
1%.22
A5.22

is.21"

15, 2%
15.19
15.18
1%.22

45419 -

14,21
15.04

15.22 ;

15.22
15,22

15.22°°

15,22
861.78
15.13

15,22

uNiT: 108 Ky

i3.21

13.25

8.86
14.12
15.44
15.48
15,18
15.39
13.95
15.50
15.42
9.02
15,16
14.79
‘14401
15,44
3,31
14.93
15,23
'13.84

15435
13.50

7.51
14.22
13,48
‘15,50
11.068

h. 96

15,37
15.18
.15,51
15.51
16,682
15.09

14.86 -
- 154510

15.51
15.51
15.51
15,06
15.37
15.54%
15.51
15,47

CAm.E

15.51
1%.51

ETATE

15.49
15.50
15,51

215,51

15,51
is.48

14.35 .

15.43
15,51
15,51
15,51
15.51

15,51 .

BB7.1%9

44,54

15.87

6,94

HONT“ <.JAN » < FEB » < MAR > < APR > < MAY » < Juﬁ > « JUL > < AU > < SEP > < OCT > <« NOV > < DEC > <TOTAL>
AR :

156,87
1561.46
"150.8%
171,15
180,15
163,31
ia1.19
179.0S
'161.98

©182.59

181,81
138.23
175.24
178,92
170,58
T 180.97
171.75
1867.11
180,96
175,21
179,08
170.09
153.95
164,30
160,63
1180.59
149.97
120,32
C174.09
181,60
81.71
181.81
175.56
1B1.64
C175.41
187.76
187.02
‘185.01
‘182.27
182.04
181,94
1 188.78
182019
1'485.02
181,99
183,67
187.12
183.20
181,77
182.25
"181.55
181,71
L 1BR.32
181.46
175.35 |
‘178,01
182,65
182.27
182,77
185,45
183,44

1072041
R & 1- 79
188,78

120,32



Table 8-13 Monthly Peak Power of Upper Kihansi Project

UNIT: MW

AEONTH CUAN > < FEB » < MAR > < APR > < HMAT > < JUN > < JUL > < AUG > < SEP > < OCT > < NOV » < DEC »  <TOTAL>

1927 46,4 42,9 40,2 1.1 41.9 1.7 41,0 9.9 3B.4 28.3 26,6 38,8 A8 4
1928 . 30.8 32.8 39.2 41.8 43,5 A3.8 43,5 2.9 41.9 0.8 39.5 38.8 479.3
1929 38.3 28.6. 38.0 - 41.6 44.0 43.8 43.1 az.1 0.6 38.8 23.8 25.7 W4B. 4
1930 37.8 31.4 ©39.2 83.2 45,8 a6.2 Ab.2 45.8 £5.1 44,1 2.9 41,2 508.8
1931 39.8 9.7 40,9 _&3.9 W85 47.0 47,0 £7.0 46.9 | 46,5 5.8 45,1 5361
1932 43.9 2.2 41.5 4443 46.9 “r7.o 47,0 7.0 46,9 44,5 45,9 45.2 S544.3
1933 43.9 41.8 40.5 - 43.2 6.0 46,9 47.0 a7.0 4h.9 45.3 45.5 [y 539.4
1934 43.4 1,7 40.3 - 42.0 44,1 45.8 46,4 46.6 45,5 45,1 45,5 45.0 533.0
1935 44,0 41,7 40.3  40.9 1.6 . 41.8 41.4 40,6 39.3 38.1 31,9 40.8 4g2.3
1936 43,1 S 41.7 40,3 G445 47.0 47,0 47,0 4r.0 £6.9 46.5 [ 45.3 562.2
1937 44.0 41.7 40.5 43.4 46,3 7.0 47,0 47.0 . 46.9 45.5 45,9 45,1 s41.2
1938 43.8 41,7 33,2 3g.2 39.8 38.8 32.8 27.7 268.0 29.0 28.0 26.3 412.2
1939 © 38.1 5.8 38.0 £2.5 48,3 £7.90 47,0 47.0 46.8 b,z 45.3 44,3 524.3
1940 . 43,4 1.7 30,3 &3.2 45.% 585 46.5 46,2 45.8 46,8 4.0 . 63,2 531.3
1941 42.7 41.3 40,2 A141 43,9 G4 2 46,2 43.8 43.1 Lz.0 a1.2 40,9 507.9
T 142 . A1.9 1.7 40,3 43,2 46,4 47,0 47,0 47,0 46.9 46,4 45,2 45.1 538.7
1943 44,0 &1.7 40,3 &1.2 3.8 45.4 45.1 44,5 43,6 42.4 A0,7 38.9 511.4
1944 it 24.7 34,4 a4z 1’ 45.9 - 46.7 44,7 48.3 43,6 46,6 43.7 43.6 495.6
1945 43,8 1.7 49,3 43.1 hE.3 7.0 47.0 CAT,0 i6.8 A6.2 45,3 44,5 538.7
1946 43.7 &1.7 39.5 4247 45.8 44,2 45.0 45.5 64,6 43,5 42.1 40.4 521.7
1947 40.4 40.7 40.3 §2.5 45.2 466 47.0 &7.0 46.8 a6.2 45.3 44,9 . 533.1
1948 A1 41,9 0.3 1.4 42.9 43,7 43,7 43.3 4z.6 [es 40.5 39.4 505.1
1949 38.1 39.0 40,1 41,9 438 %3.5 43.1 42,2 40.9 39.0  25.2 21.9 458.5
1950 21.7 30.3 39.2 42.0 44,5 55.9 45,9 45,4 . 45,0 a4.1 43.1 41.5 4BB.7
1951 39.7 38,5 33,1 40.2 42,7 42.9 62,3 T 41.3 9.8 36.5. 38.8 39.4 - 478.3
- 1952 40,0 40,5 40.3 43.2 46,5 57,0 47.0 47,0 S 469 46.5 5.9 45,3 535.2
1953 [ 1.7 40,1 4n.3 al.n &2.0 41,2 3.8 36.6 26,7 22.7 32.4 4668
1954 38.0 36.9 34,7 38.0 38.0 32.8 28.1 25.5 23.5 22,3 20.8 20.3 358.8
1955 24.5 38.9 40,2 43,2 46,4 47,0 47.0 47.0 48,9 [ 45.8 46,9 518.4
1956 43,7 41,7 40,3, 43,2 46,4 £7.0 - 47.0 47.0 48,9 46,3 45,4 PR 539.2
1957 S 434 41,8 40.4 £3.2 464 £7.0 47.0 47,0 45,9 45,5 46.0 45,3 540.9
1958 66,0, 41.7 40,3 43.2 LTS 47.0 47,0 - . &7.0 A6.9 b6.5 46.0 45.3 541.2
1959 L0 41,7 40.3 42,3 4&.3 449 46,9 468 i6.5 54,1 63,6 43.3 L B22.7
1960 43,1, 41,6 40.9 . 44,9 47.0 470 47.0 T 47.0 6.4 45,5 44.8 441 $39.3
1961 43,4 4%.7 40,3 42,0 44,7 45.8 45.3 44.9 &4 .4 s3.5 Lz.9 43.4 522.2
1962 45.5 47.0 47.0 47,0 a7.0 47.0 7.0 47.0 46.9 £6.5 L6, 0 45.3 553.2
1963 4.9 45,5 46.8 47,0 47,0 7.0 47.0 47.0 46.9 46,5 45.0 45,3 554.,9
1944 44,0 42.5 43,7 46,5 | &7.0 47.0 47,0 47.0 6.9 45.5 46.0 £5.3 ' 569,3
1945 44,0 41,9 40.8° 43,7 46,6 £7.0 47.0 47.0 46.9 6.5 56,0 A5.3 542,46
1968 &, D 41,7 1.1 46,8 67.0 7.0 7.0 7.0 &9 46,2 5.1 45,0 S41.%
1967 63,3 .&1:7 . 40.3 43.2 Ab.6& 47,0 47.0 47.0 46.9 46.5 4.0 Ab.h 541.6
1968 L A4T7.0 47,0 47.0 [ 47,0 470 4770 47,0 47,0 46,9 46.5 46,0 45.3 560.7
1969 440 2.2 40.7 £3%,2 46k &T.0 47.0 47.0 46,9 46.5 46,0 65,3 542,3
1970 44,1 43.9 45.2 45.8 46,5  &7.0 &7.0 47.0 46,9 46.5 45.8 45,2 550.9
1971 44,0 41.9 40,6 43,2 6.4 47.0 47,0 47.0 46.9 46.5 46,0 45,3 541.7
1972 46,0 41,7 41,8 4504 4740 47.0 47,0 47,0 46.9 46,5 46.0 45.3 545.3
1973 45.7 45.9 1 §6.0 7.0 47.0 . 4T.0 47,0 - 47.0 46,9 46.5 46.0 . 45.3 557.2
1974 . - 44.0Q 43,27 . 420 43,7 46,9 7.0 4740 7.0 46,9 46.5 46,0 45.3 545 .4
1975 TN 1.7 40.3 43,2 4k 47.0 “7.0 47.0 5.9 46.5 45,9 45.3 541,1
1976 46,0 “1,7 | 40,3 43,2 ' 47,0 47,0 47.0 [ 46,5 45.9 45.3 LTEWE ]
1977 Ld.0 HELF 40.3 43,0 ThB.1 47,0 47,0 47.0 46.9 . 46.5 45.9 45.3 540.4
1978 44,0 . 41.2 40.3 43,2 46.4 470 47,0 4700 469 48,3 45.8 45,3 540.9
1979 Ba.o 51,9 40,9 3.6 &4.5 67,0 £7.0 £7.0 ‘45,9 L46.5 46,9 45.3 562.7
1986 46,0 41,7 4043 - 422 ¢ 45.2 47,0 47,0 7.0 66,9 46,5 45,9 45,2 538.8
1981 b0 41.7 40,3 42,1 445 . 45.5 45,5 45,2 bh .6 %3.9 2.9 1.9 522.0
1982 ¢ 4100 40.0 39.8 41,4 447 46,7 46,9 46,7 46,3 45.8 45,4 45,1 529.8
1983 I 43,0 . 40.9 S A3:2 6.4 &T.0 47.0 47.0 L6.9 46.5 46.0° 45.3 543,7
1984 . 44,9 41.7 40,3 ©§3.2 4G4 47,0 47.0 47,0 46.9 48,5 46.0 45.3 S41:2
1985 LY 43.% &1.2 63.2 AEid &7.0 47.0 47.0 46.9 44.5 46,0 . 45.3 S44,1
1986 4.6 44,4 Ab ok 46,1 47.0 470 47 .0 47.0 46,9 46,5 48,0 45.3 552.2

1987 - - L5 43.5% 2.4 43.7 £5.3 47,0 47.0 &7.0 4G.9 66.5 46.0 45.3 546,1

TOTAL .. 256B.8 - 2489.7  2483.2  2629;5 ~ 2770.0  2796.7 2762.8 2764.1  2737.4  26¥5.8  2602.0  2592.3 318922

'.AVERAGE . 421 - 40.8 . 40,7 43.1 - A5.4 £5.8 45.8 45.3 44,3 43,9 42.7 42.5 522.8
HAXIMUM . 47,0 X 87.0 47.0 .. &7.0 47.0 47 .0 4740 47.0 46.9 °  &6.5 46,0 46.4 560.7
MINIMUM 21.7 24,7 34,6 38.0 38.0 32.8 28,1 25.5 23.5 22.3 20.8 20.3 358.8






S
= =
=R TR AT R O

-
W o

14

ey

L6

£

~
[ P N Y )

v

wnouk g

5

v
o
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47.0
L7 0
47.0
4£7.90
47.0
L47.0
L7.0
4T7.C
47.0
47.0
7.0
47.0
47.0
47.0
47.0
&2.0
47,0
A7.0
47.0
&47.0
47.0
47.0
47.0
27,0
£7.0
47.0
47.0
47,0
L7 0
L7.0
478
“7.0
4&7.0
47.0
47.0

Ta7.0

47.0
A7,0
47.0
47.0

CAT.0

47.0
4&7.0
47.0
4&7.0
LAraN i)
al.0
47.0
47,0
47.0
47,0
L7.0
47.0
47.0
A7.0
47.0
L7.0
AT7.0
4790
47.0
7.0

114
117
18
319
120
121
122

DATE
8506
£507
6508
6605
66066
6607
6608
6706
6707
4708
6801
6802
6803
6806
6805
6806
5807
6808
6906
6907
6903
7006
v0a?
7008
7106
7107
7108
7205
7206
7207
vz08
7306
7305
7306

L¥307

7308
7406
7407
7408
7506
7507
7508
7606
7607
7608
T706
7707
7708

7306

7807
78908
706
7997
w08
ECQO6
8297
B0OA
B304
8307
8308
8406

7.0
7.0
&47.0
L
47.0
&7.0
&7.90
47.0
47.0
47,0
47,0
47.0
47.0
&7.0
47.0
47.0
47.0
47.0
47.0
47.0
47.0
7.0
[ N ]
47.0
47.0
7.0
47,0
47.0
47.0
47.0
47.0
47.0
47.0
47 .¢
hT7.Q
47.0

47.0
47.0
47.0
47.0
47.0
4£7.0
47.0

47.0

7.0
47.0

CA7.0

47,0
&7.0
47.0
47.9Q
47.90
47.0
47,0
47.0
47.0
47.0
47.0
47.0
4£7.9

NG.

123

178

179

tao
181
182
83

DATE

8507
a408
8506
8597

183508

E505
8406
£an7?
G608
BI04
8107
8708
3306
3104
3209
3609
3709
4209

‘5209

5509
570%
SE09
6209

T 6309

4407
£509
4H609
6709
4809
6509
7009
7109
F209
7309

45.9
45.9
46.9
46.9
&6.9
£6.9
46.9
44.9
46,9
44,9
ib.9
44.9
46,9
46.9
L6.9
46,9
46.9
46.%

46.9

46.9
46.9
L&
L£5.9
46,9

ca6,.9

46,9
46,9
46,9
L4.9
48,9
[N
46,9
46,9
46.9
48.9
46,9
46.8
46,8
46,8
46.8
b7
46,7
46.7
4“h.7
4604
4.6

HO.

184
185
186
187
188
189

190

141
192
193

195
196
197
198
199
200
201
2oz
203
204
205
206
207
208
209
210
211
212
213
214
21%
216
217
zia

220

221
zee
223

225
226

227

228
229

231
23z
233
234
235
236

238
239
240
241

‘242

243
244

DATE

3408
65505
5203
3105
6404

4007

3409
3610
3710
5710
5810
5210
6310
8410
6510
6710
6810
6910
7010
7110
7210
7310
7410
7510
7610
7910
a3i0
8410
8510
8610
arie
3110
3210
4006

46.6
Lb.b
4648
46.5

L6.S

46.5
6.5
44.5
46.5
40,5
A6.%
46.5
£6.5
46.5
46.5
446.5
46.5
44.5
456.5
46,5
44.5
&6.5
46.5
L6.5
6.5
46,5
448.5
&6.5
[3- 20
46.5
66.5
46,5

46.5 |

46.5
46.5
46.5
46.5
46.4

bbb

46.4
464
Lb.4
A6.4
L&.4
L& .4
LG4
L33
464
46.4
[2. 0%

4. b

[N
[N
466
46 .4
s
46,5
[
46,3
46.3
45.3

Table 8-14 Peak Power Duration of Upper Kihansi Project

NG,

245
240
247
248
249
250
251
252

a54

255
56
257
258
259
260
261
62
263
264
245
266
267
2468
269
270

272
273
276
275

276 .

277
278
279
280
2581
282
2as
284
285
Z84
287
288

290
291
292
293

294
(295

296
297
298
299

- 300

301
3p2
303

© 304

205

46.3
463
L6.3
46.3
6.3
4d.3

T AaA.2

L5.2
4b.2
Lh.2
6.2
£4,2
“b.2
45.2
44.1
5.1
58,1

46.0
46,0

46,0
46,0
46.0
465.0
&6.0
L&, 0
46.0
46,0
46.0
45.0
46,0
46,0
£6.0
46,0
46.0
46.0

A&.D

%6.0
46.0
46.0
46.0
£5.9
45.9
45.9
45.9
&5.9
45.9
45.9
45.9

NO.

306

308

338

339 |

340

346

8108
7003

i) ¥4

3212
6811
4307
3112
4212
8212
3752
3009

45.8
5.7
45.7
45,6
&5.6

46V

45.6
45.5
45.5
45,5

T 45.5

65.5
45.5
45.5
45,5
&5.4
a5, 4
5.4
45,4
45,3
45.3
5.3
653
45.3
45.3
65.3
45.3
45.3
45.3
45.3
5.3
45.3
45.3
45.3
45.3

45,3

45,3
45.3
45.3
45.3
45.3
45.3
45.3
45.3

T a5.3

45.3
45.3

45.2

45.2
45.2
45,2
45,2
LS.
45.2
45.1
45,1
45.1
£5.1

T 45,1

45.1
45.1

9L

26
3%e
359
[A:1.]
A01
(X1
403
“th
405
406
“p?
408
409

12

427

7401

45.0
45,0
46.9
Lo .9
44,9
L4 .9
4.9
44,9
“h. 9
[}
44.8
46.8
L%
&4 .7
44,7
G46.6
44,8
4. 6
LT
Lb .6
Lb . b
Gh. 5
GG, 5
His .5
a4L.5
445 .5
&4, 5
44,5
44 .6
44, L
LA
L4 4
bt 4
L4.3
464 .3
b4 .3

&b 2

46.2
4a,1
46,1

441

46,1
[T 1
[0S 1
441
LYY
44 .0
44,0
64,0
44,0
44.0
44,0
4é .0
L. 0
44,0
[

44,0,

L£4.0
44.0
44,0
44.0

NO.

428
429
430
iy
432
433
34
435
434
437
430
439
440
&4l
L42
443
444
445
446
a7
448
449
450
451
452
453
54
455
458
57
53
459
460
461
462

(463

Fyes
465
&66
467
468
449
470

471

LA7e
473
L4
&75
474
&77
478
479
“00
481
aaz
L%:k1

T 484

4B5
466
4B7
488

3401
T 4001

3794
4808
5912
&701
3004

4004 .
4204

5204
5504
S604
5704
SEO4

6704"
6906 ,
7106
7504 "
7604

NO.

489
430
491
L92
493
494
495
LA 23
497
498
499
500
501

503
504
505
S06

507

508
509

510

511
512
513
514
515
516
5317
si8

519

520
621
522
523
524
525
524
527

. 528

529
530

532
533
S34
535
536
537

639

540
541

542
543
544
545
546
SAT
548

549

DATE

T804
8304
8404
4504
3304
4012
7402
2907
8302

fa504

4997
4109
6001

. 3601

5011
2193
8362
7704
4805
3011
2702
5106
8111
2808
6111
&L&04
510%
4101
4809
4704
3904
6402
5703
%310

5904

5107
6902
4908
8004
3202
AL04

- B104

45611
2908
6104
7402
3ege
5004

5306 .

4110
2899

. 4201

a1i2
7102
£502

7902,
4904

2705
46802
2804
3302
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Upper Kihansi Reservoir Operation
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Fig. 8-12 Energy Generation of Upper Kihansi Prd;éct
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Table 8-15 Preliminary Estimation of Construction Cost of

Upper Kihansi Project

Unit: 109

Upper Kihansi

F.C. F.G. Total
1. Preparatory Work
1-1 Access Road 0 0 0
1-2 Camp Facility & Others 3,600 1,000 | 4,600
Sub Total 3,600 | 1,000 4,600
2. Compensation 0 5 5
3. Civil Works
3-1 Diversion & Coffer Dam 2,059 641 | 2,700
3-2 Dam & Spillway. 107,801 | 33,599 | 141,400
3-3 Intake 3,621 1 1,079 | 4,700
34 HéédraCe_fﬁnnél 1,733 567 2,300
- 3-5 Penstock 1,698 502 2,200
3.6 Poﬁerhgﬁsé & Switchyard 4,436 1,264 | 5,700
3-7 'Tailracé Tunnel 1,878 622 2,500
3-8 Tailrace Outlet 610 190 800
sabiTotai 123,836 ] 38,464 } 162,300
4. }.Iy'c-iraulic Equipment _ 2,000 500 2,500
5. Eléctrb-mechanical Equipment 15,700 3,400 | 14,100
6. Transmission Line 100 100 200
_:7, fqt§1'09gt (1}é+3¥&}§+6} 40,236 | 43,469 | 183,705
8. Enginéering &'Administrgtion_ 7 x 7.5 1i,o34 2,760 1 13,794
9, ?hygiéhl'Cohtingengy_: | 20,395 1 6,320 | 26,715
.(;+2%555x.15% + (4¥516) x 102
io. i#ter¢s£ during cdnggfuction ' - 28,163 8,623 | 36,786
11. Gran&IIotal,(7+$+9+10) 199,828 | 61,172 | 261,000
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8.2.4 Lower Kihansi Project

(1}

Study on Regulating Resexrvoir Scale

(a)

(b)

Study on Storége Capacity

The scale of the regulating reservoir is decided
to have effective capacity so taht the discharge
of Lower Kihansi Power Station is able to be
completely regulated' regardless of what the
inflow condition may be. So, 0.48 x 10° n’ is to
be the storage capacity of the regulating
raeservoir corresponding to the maximum,discharge
of 22.2 m'/s.

Study on Dam Scale

The annual sedimentation at Lower Kihansi Dam;
when considering the sediment trapping rate
depending on the regulating reservoir capacity
is to be 2,500 m'/yr. It is scheduled for Upper
Kihansi Dam to be completed. 3 years after
completion of Lower Kihansi Dam and. it is
sufficient for the sedimentation CayaCity' of
Lower Kihansi Dam to consider only this period,

but in planning, the sedlmentatlon capac1ty of-
Lower Kihansi Dam is set for 0.1 .x 10° m: of
sedimentation during aISO—year:period assuming
that Upper Kihansi Dam does not exisﬁ.' As a
consequence, the sedimentation'level is to be
EL. 1,125 m. A dam of minimum scale ‘with the
effective capacity of C. 48 x- 10° nﬁ needed for
maximum dlscharge of 22.2 m'/s is the high water:
level of 1,135 m in view of the dead_storage
capacity and. the_'structﬁre. of the iﬁtake;
Further, since the dischargé'water_levél of the
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Upper Kihansi Project is EL. 1,140 m, the
maximum dam scale is to the high water level of
EL. 1,140 m.

The results of study for the cases of minimum
and maximum dam scales are given in Table 8-16.

As a result of study, the incremental benefit
due to head increase because of increase in dam
scale is to exceed the incrementai cost of
increase in dam volume, and the optimum dam
scale is determined as to be the dam of high
water level of 1,140 m.
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Table 8-16  Siudy on Optimum Dam Heigit of Lower Kihansi Reservolr

Case 4 Case 4'
Item: Unit —— -
: Lower Kihansi Lower Kihkausi
High Water Leve! i 1,140.00 1,135.00
Lower Mater Level ™ m 1,137.00 1,129,00
Available Drawdown & 4 3.00 6.00
Gross Storage Capacity 10° m 1.39 0.68
[Effective Storage Capacity [105 m® 0.48 0.48
Dam Type Concrete gravity . Concrete gravity
0am Height x Length B 35 x 177 30 x 165
Dam Yolume 167 w 54 47
- {Haximm Pischarge /s 22,20 22.20
Standard Intake Water Level m 1,140.00 1,135.00
Tail Water Lavel m 296,50 296,50
Gross Head m 843,50 838,50
Effective Head m 813.00 $08.00
Installed Capacity M 153 152
Firm Peak ‘Power QH 101.8 101.0
Annual Energy Production 107 kkh 868.9 861.9°
Annual Firm Energy Production 10°% kih £51.0 546.6
Annual Benefit 3
Peak Power Benefit 107 45§ 26,683 26,469
Firm Energy Benefit 10® ys$ 18,936 18,784
Total Benefit (B) Im‘uss 45,619 45,253
Investment Cost 6
Civil Facilities Cost 107 us$ 119.9 117.9
Electro-Hechanical Facilities Cost |10% US$ 86.4 85.9
Total 105 us$ 206.3 203.6°
Annual Cost 3 .
Civil Facilities Cost 107 us$ 12,697 12,486 -
Electro-Hechanical Facilities Cost §10° us$ 10,256 10,195
Total Cost (C) 10° ust 22,953 22,682
Annual SurpTus Benefit (B - C) 10% uss 22,666 22,571
genefit Cost Ratio (B/C) 1.987 1.995
U_m't Amnwal Cost US$/kith 0.082 0,081

8 - 62




(2)

Study on Maximum Discharge and Installed Capacity

In "8.2.2 Study on Reservoir Scale®, the peak
duratlon time for the Lower Kihansi Project is taken

‘as 13 hours, with the firm discharge 11.9 m'/s adding

the flrm dlscharge 0.1 m’/s of the remaining

catchment area to the firm discharge of the Upper
Kihansi Project of 11.8 HI/S, and the maximum

~dischaxge is selected to be 22.2 m’/s with installed

capacity 153 MW.

If the naximum dlscharge is to be increased over

22.2 m'/s, it w1ll result in a sllght increase in

firm energy in splte of ‘increase in firm peak power

because the maximum discharge of the Upper Kihansi

- Project is set larger than the project. A

comparison Study is made in the cases that maximum

ﬂdlscharge is lncreased to 24.3 nl/s and 23.4 Hl/S and

is decreased to 20.9 m>/s. The result is shown in
Table 8-17 and Fig. 8~13.

As a result of the study if the maximum discharge is

increased the incremental cost due to increase in

maximium discharge is to exceed the incremental
benefit and if the maximum discharge is decreased
the reduction benefit due to decrease in maximum

dlscharge is to exceed the reduction cost. Thus the

o maximum dlscharge is determined to be 22.2m’/s with

installed capacity 153MW.
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Fig. 8-13 Study on Optimum Discharge of Lower Kihansi Project
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(3}

Study'of Number of Turbine and Generatoxr Units

Tor an installed capacity of 153 MW, the four
alternatives of 1 unit, 2 units, 3 units and 4 units
are conceivable when considering the number of
turbine and generator units, and the following can

be said about the four alternatives.

- In case of the l-unit alternative, economy of
scale in the construction cost can be expected,
but the capacity of the single unit is too large
compared with the capacity of the power system and
the frequency drops in the System of a tripping

accident are great.

- With the 2-unit alternative, the capacity of one
unit is 76.5 MW and still large, and in case of a -
tripping accident the frequency drop in thé system

-exceed the limit.

- With the 3-unit alternative the degree of freedom
in operation is considered to be adequate. There

is also no problem in system operation.

~- With the 4-unit alternative, there is also no
problem in system operation, but the construction

cost is to be comparatively high.

' Therefore, 3 units of unit capacity 51 MW which is

the most reasonable from the standpoints of
development scale and the economics is to be

selected.
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(4)

Installed Capacity of Lower Kihansi Project Prior to
Start-up of Upper Kihansi Project

The Lower Kihansi Project has headrace, penstock,
and tailrace in a single line, 8o that in

independent operation of the Lower Kihansi Project

‘prior to start-up of the Upper Kihansi Project, the

dam and wateérways are all to be completed at the
time of starting independent operation, but it is
possible for turbines and generators to be partially
commissioned at the time of independent operation.
The number of turbine and generator units for the
Lower Kihansi Project is decided as 3. If 2 units

‘are to be commissioned at the time of independent

start-up, = the maximum available discharge is
14,8fﬂﬁls and the installed capacity 102 MW. Since

the firm output at the time of independent start-up
‘of the TLower Kihansi  Project is to be 101.8 Mw,

thére is no shortage in firm output even with
commiSsioning of 2 units. The plant factor of firm
energy of 551 x 10° kwh is to be 61.7 per cent and
lower than the annual load factor of the system of
64 per cent, so that all of the firm energy can be

_consumed within the system. Therefore, at the time

of independent  start-up of the TLower Kihansi
Project, it is thought that partial commissioning

_with;loz MW of initial capacity makes it possible to

~avoid unnecessary advance investment. This may be

suitable in its way, from a view point focussing on
the advance investment.

However, independent start up with a full capacity

of 153 MW is recommended due to the following

reasons..
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At the time of independent start-up of the Lower
Kihansi Project, there are thermal power stations
amounting to 110 MW included in the power system,
and in ‘case -the energy production of hydroelectric
-powér stations is considered. in temms of firm
energy, 226 x 10° kWh in 1997 and 375 x 10° kwh' in
1998 are to be generated at these thermal'power
stations.  Since it ‘is desirable for power
generatioh by these thermal power stations to be
continuous 0peration for base load, the operating
capacity is to be 26 MW in 1997 and 43 MW in 1998,
When the inflow of hydro power Stations'has-bécome
17 per cent over firm discharge, thefe is no
‘necessity for thermal power generation in both 1997
and. 1998, The results of study in case of-making
the installed capacity of the'Lower Kihansi Projec€
at - the time of independent ° start-up rpértial

commissioning with 102 MW are shown in Table 8-18.
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(5)

According to the results of study, in oxder to
secure:réserve capacity of 15 per cent'within the
system, in case of considering inflow at hydﬁo pbWer
plants on the basis of firm discharge, it is to be
necessary for standby-operationJof thermal_power
stations of 1 MW and 16 MW, respectively, foxr 1997
and 1998, and in case of considering 17 per cent
extra over firm discharge, 28 MW and 59 MW,

respectively.

1f the Lower Kihansi Project at the time of
independent start-up is to be started up with all
153 MW of installed capacity, it becomes unnecessary
for such standby operation of thermal power plants,
while it is also unnecessary for back-up by thermal
power stations in case of faulting of power sources
so that probability of faulting within the system is

‘resulted to be lowered, and it is .extremely

effective fér improving the reliability of the
system. Therefore, the Lower Kihansi Project is to
be started up independentlyJWith its'fully'instélied,_
capacity of 153 MW . ' '

Optimum Development Plan

The outline of the optimum development plan of the
Lower Kihansi Project determined as a result of the
studles made up to this point are shown in Table 8-
19. The monthly energy productlons and f;rm
energies with independent start-up of ‘the Lower
Kihansi Project for the 6l-year period from 1927 to
1987 are shown in Tables 8-20 and §-21, and in Fig. |
8-19.  The monthly peak power -and peak power
duratlons are shown in Tables 8-22- and 8 -23.  The
monthly energy productions and flrm ‘energy

productlon of the = Lower Kihansi Projéct after'

comml551onlng of the Upper Kihansi Progect are shown
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in Tables 8-24 and 8-25, and in Fig. B8-15. The
monthly peak power and peak pbwet duration are given
in Tables 8-26 and 8~27. The preliminary estimation
of construction cost of the optimum development plan

is given in Table 8-28.
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Table 8-19 Quiline of Optimum Development Plan
of Lower Kihansi Project

Reservolx
Catchment Area 590 kmzl_
High Water Level 1,140.00 m
Low Water Level 1,137.00 m
Available Drawdown 3.00 m

Gross Storage Capacity
Effective Storage Capacity
Annual Average Runoff

Firm Discharge

Dam

Type _
Height x Length

Volume

Power Station

Standard Intake Water Level
Tail Water Level

Gross Head '

Effective Head

Maximum Discharge
Installed Capacity

Unit Type x Number of Unit
-Firm Peak Power

Annual Total Energy Production

1.39 x 10° o
0.48-x‘106 m
15.87 m’/s
9.40 m’/s

Concrete Gravity
35 m x 177 m

54 x 10°

1,140.00 m
296.50 m

843.50 m

813.00 m

22.20 n'/s

153 MW _
VErtical Péltonx3
151.0 MW

(101.8 MW) |
906.9 x 10° kWh

(868.9 x 10° kwh)

Annual Firm Eﬁergy Production ' 710.9 x 10% Xwh
' (511.0 x 10° kWh)

Note: Figures in ( ) show the values of cases without the

Upper Kihansi Project.
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Table 8-20 Total Energy Generation of Lower Kihansi Project without Upper Kihansi Project

uNIT: 108 kuh

VEAQOHTH < JAN > < FEB > < MAR >. & APR > < MAY » < JUN > < JuL > < aU6 > ( SEP > < OCT > < NOV'> < DEC > <TOTAL>
1927 83,60 46,80 64,00 77.50 &1.30 53,460 50.60 47.00 43,10 AZ.R0 3a.80 S6.20 664,70
1928 45.40 £6.90 - 96.20 23,10 P90 56,80 53.40 48,60 45.40 44,10 45,30 40.70 710,80
1929 47,20 3B.50 84,80  110.00 650,30 81,40 47.80 43,80 39,70 38,50 35,60 39,00 516,60
1930 59,60 41.7¢  113-60 110.00 74,40 62,50 56,50 50.20 - 44.50 42, B0 38.5¢0 35.60 731.10
1931 51,19 66.80 . 113.60 110,00 113.60 81.90 73.00 63,40, 54.50 SC.50 44,50 50.50 873.60
1932 ?6.50 t00.70 113.460 110.00 '- 88,50 78.90 ?i.00 &2.80 54.10 50.40 4&6.70 47.70 F10,90
‘1933 B7.80 - 87.40 113,60 110.00 86.00 70.00 63.50 56.90 49,80 47,00 42.20 40,70 854.98
1934 95,20 59.20 &7.B0 - - 97.80 8,40 . B1.20 6910 52.20 546,60 5t.10 44.70 60,60 a83z.10
1935 73.20 70,40 . 113.40 70.50 66,50 57.40 . 53.70 48,90 44,00 47.00 45.30 113,50 BO& .10
1936 111,70 77,40 70,10 - 110.00 113.60 91.40 83.00 71.80 61.30 56.50 49.10 55.20 951.10
1937 68.00 50,70 113.60 ~ 110.00  110.30 75.20 6B.10  .40.40 56,40 52.20 A5.40 A4 30 B53.60
1938 4490 %9.00 4A1.50 ' 79,50 53.10 46,40 T 44.00  41.40 38,06 43.1¢ 40.50 39.80 547.20
1939 87,40 40,30 £4.90 110.00 95.20 69.40  62.70 55,60 49.30 4660 42,30 42,50 746,10
1940 0 102,30 70.70 72.80 110,06 °  78.90 63.50  57.70 ' 52.20 44,10 47.70 41.70 53.1¢ 796.70

S 1941 53.60 21,90  100.30 73,90 99.20 : 62.30 57.00 51.00 46,90 43,60 57.10 56.80 791.60
1542 ©96.50 . .52.80 . 113,60 110,00  108.10 ?28.80 - 26,60 61.80 53.20 49.30 44,00 62,60 901.30
1943 N 45,30 B 53.50 £2.20 540 113.40 : 58.00 52:90 &7 .40 42.40 £0.90 35.90 35.50 672-40
1944 t5.90 35.30 50.20 110.00 . BB.70 2. 20 56,60 50.30 43.90 41.70 46.50 72.80 704,10
1945 85,40 &1.10 F4.60 110,00 - 113,60 70,80 85,40 54,70 45,00 45,80 4T, 80 53.80 ° BES.&0
1946 . &2,30 . 34,30 4B.50 110000 75.40 59.30 °  53.%0 48,00 42.10 40,60 39,40 38,90 632.70
1947 83,20 66,60 - §101:30 110,00 = 9$9.20 74.40 45.50 57,60 49.70 46.60 ey 10 113,80 908.80
134 . 105.90 73.30 113.60 82.00  BD.30 ~ 4&3.20 57,70 | 52,00 45,60 43,50 S5.30  41.70 814,10
1949 51,30 55.50 52,20  10D.10°  £5.90 55.10 50,70 L5.70 40,70 39.30 35,358 34,50 57B. 10
1959 34,20 40.50 113,60 97.30. 102.80 64,20 58.20 51,70 . 47.30 44.30 39.80 . 38.40 ?32.50
1951 - 40,40 © '51.80 - . 55.50. 110.00 72.30 53.50 50,70 @ 4&5.1¢0 40,20  38.60 18.60  S4.40 £91.30
1952 Bi.20 89.90 100.90 110,00 113,60 82.40 73.10 63.20 53,80 49,60 &3.70 46,70 92E,30
1953 42,40 326.49 60,40 - 64.40 83.30 51.40 47.480 43,30 38.80 37.80 14,30 47,40  .586.10
1954 65,80 43,40 50.40 62,40 52,10 45,10 41,90 35.70 35,20 34.90 32,10 32.70 541.70
1955 37.50 78.30 76,00 110,00 113,60 83.20 72040 62,80 53,30 . 43.80 46,50 42,90 825,30
19556 99.90  B3.00 80.10 110,00 SE.50 74.40 66,70 - S8.40 50.20 46,60 41,10 43,20 850.20
1957 98,40 86.00 - 86.1¢  110.00 113,40 ‘75,30 £8.90 64, 60 55,00 56,10 51.40 £0.10 528,50

1958 68,80 69.40° 113,60 110,00, 113,460 70,80 65.40 B2040 57.30 56,30 50.80 76.40 917.00
1959 71.20 .. .70.60 107.90 ' i04.50 17,90 &1.20 60.20 57.70 52.60 52.80 50.50 60,50 829.90
1960 S4.40 . 7Z.P0 y13.60 0 110,006 113,80 ' 75.50 58.10 50.20 43,10 45,00 47,70 5¢.90  834.80

S 1941 60,80 68.50 79.70 98.10 107.50 49:10 53,49 . 57.40 Lh. b0 44.90 55.80 B82.20 . 801.90
962 113.40 102.60 113,60 110,00 113,50 93,90 85,30 77.30 59.20 64,80 55.9¢ 67,10 1057.%0
1963 113,40 - 102.60. . 113.60 . 110,00 113.40 87.90 BRi70.  ¥7.70 &57.80 63,60 20.20 53,70  1084.20

. 1944 . 91,50 106,30 - 113.60 - 110.00 113,50 110.00 98,90 90.30 75.80 6%.30 42,40 72.50 1114.20

1945 - - 1B5.80  89.10 113.80 110.00  105.30 74,00 70,40 66.90 59,40 59.10 S4.90 £6.90 955.40
1966 83,90 79.70  113.80° 110,00 113,40 82,30 70.50 &8.50 61,00 40.90 3B.80 43,40 506 .20
19&7 .7B.10 79.20 . 103,30 110,00 113.40 89.40 75.10 T 69.20 50,19 58,10 A5.20. 11360  1014.90
1968 413060 . 106:30° 113.60 110.00 -1313.50 110.60-  113.60  162.10 86.80 77.10 74,70 97.10  1218.50
1969 105,60 . 88.90 1§3.60 110,00 113,60  75.40 £9.90 69.50 58.90 S4.80 54.890 5040 975,40
1970 104,40 162.60 | E13:60  110.060  -85.60 67 .00 66,10 61.30 55.00 51.00 45,00 88.60 950.20
1971 75.80 8%.90 ' 106.80 310,00 103,80 67.90 . 72,90 . £6.00 58.20 73:20 54.70 62,10 939.30

L1972 87.40 29.20° 113.60 - 110,00 . 113,60 92.40 B1.70 69.20  70.60 65.50 61,40 113.40  1058.00
1973 113,60 102,60 113.50  110.00  113.40 92.70 84.00 73.30 &7.10 64.70 61.50 73.90  1070.60
1974 99,10 - 102-60 - EY.90  310.00 - 113.60  101.30 B5.10 70,20 87.20 &3, 60 58, B0 £7.50 100B.%0

1975 77.20 56:30 - 70.90 310,60 113,40 86,90 ‘72.30 45,50 | 41,50 56.60 47.50 55,90 B73.20
1976 71.00 73,20 ' 103,00 . 130.00 133,40 . 103,20 - 81,60 71i50 40,80 57.00 48,40 45,00 941.30
1977 67,30 | L4740 71.50° . 110.90 110.B0-  '73.90 55,50  58.70  50.70 4B.70 52,80 - 76.50 833,60
1978 TE.50 63,20 $3.20.  110.0b 113,80 79.90 67 .00 58.50 5%.90 £7.30 55 .40 72.39 - 8B7.90
1979 101,569 87,70 113,60 110,00 -113.60 110,00 113,60 89,50 73.30 84,70 62.40 79.10  1119.10
1980 63,80 0 ?8,70 . .F9.90 102,30 153,40 73,70 s7.10 60,40 52,50 SO.00 | 46.90 57,40 B66:00
i9a1 . 59,50 . . 57,50 - .78./B0° 101,50 92.80 43,90 57,40 53.30 456,10 48.30 40,50 52,40 751.80
1982 45.50 49,30 61.BO 96,70 - 113,60 - 6B.80 61.40 5390 47.80 52.50 55.00 83.30 786160
1983 113.60 . . ?3.90 . 99.70°. .110.00. 113,60 110,00 22.20 72,80 61.30 56,50 56,10 53.90 1007.60
1984 62,30 60,40 97,80 . 110,00 © i13.40 . 102.50 83.80 - 69.20 60.50 57.90 53.20 91410 942,30
1985 113.40 83,00 113,40 110,00 113,60 106.80 91,50 74.90 6440 58.70 66,40 103,30  1099.80
1986 .  1i2.60 0 102.60 - 113.60 110,00 1i3.42  il2.00  113.40 94 BO 73.20 65, 80 76.20 113,40  1200.60
1987 113.60 98,80 113.40 110.00 . 113.60 89.7¢ - "78.50 8610 57.10 56.50 55.40 71.90  1026.90

TOTAL  4739.40 4353,00 .5842.00 6320.10 £071.40 4633.70 4210.20 3742.00 3271.70 3132.70 3079.00 3604.70 S53000.10

AVERAGE - 77.70 71,33 92.49  103.81 99,53 75.96 © £9.02 a1.36 . 53.63 51.38 50.46 52,40 858,85

HMAXIMUM 113.4¢ 106,30 - 113.80 110.00 113,50  110.00 113,60 102.10 BE.80 77.10 90.20 113,60  {218.50

MINTMUM 34,20 34,30  41.50  42.a40  53.10 45,10 41,50 38.70  35.20 36,90  32.10 32,70  561.70
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Table 8-21 Firm Energy Generatlon of Lower Kihansi Project without Uphef Kihansi Project

ot 108 Kun

MONTH € JAN > < FEB > € MAR > .< APR > < MAY > < JUN > < JUL > < AUG > { SEP > < OCT > < HOV » < DEc » <TOTAL>
. N : .

YEAR

1927 47,50 43.00 47.60 46.00 © 4&7.60 86,00 47.60 47.00 43,10 42,20 - 38.80 - &7.60 564,10
1928 45,30 44.50 47,60 46,00 47.60 46,00 47,60 LT .60 45,30 L6410 45,30 47.60 556.50
192% LT.20 3B.40 67,860 46,00 47.6% 46.00 4780 43,70 9.0 38.5C 35.50  3B.90 ' S51&.70¢
£9350 47.60 41.70 47.50 44.00 L7.60 46,00 47,60 47 .60 56, &0 42,70 - 38,500 © 36.80 534.10
1931 4£7.60 43,00 47.60  46.00 47.60 46,00 47.60 47,60 46,00 47,60 46,40 47,60 558.°60
19232 AT .60 44,50 47.60 46,00 &T.60 46.00 47.560 37,60 6. Q0 L7 .60 54 .00 L£7.60 561.7¢
1933 L7.60 43,00 47.60 46,00 47,60 . 46,00 47.60 47,60 56,60 47,00 . 42.20 40,40  548.80
1934 47,60 %3.00 47.60 45,00 £7.40 46,00  47.60 47,40 . 46,00 - 47.60 44,70 47,60 558,90
1935 47.60 43.00 47,60 4s, 00 L7 40 46.00 £7.60 47.60 46.00 47.00 45.30 47.80 556.90
1936 A7.60 44,50 47,60 L6.00 | &7.60 46,00 47,560 47,60 46,00 47.60 46.00 47.60  561.70
1937 47,60 43.00 47,50 46,00 67.50 46,00 AT B0 47,60 46,00 7060 46,00 44,30 554,50
1938 40,90 . 38.90 41,40 46,00 47.60 46,00 64,00 41.30 38,00 - 43,00 40.40  39.90 . 507,20
1919 47,60 40,30 47,60 L6.00 47,60 46,00 AT7.E0 47.80 46,00 46,30 . .42.30 42,40 547,30
1940 47.60  66.50 67,60 4600 47,60 44.09 47.40 47,60 46,00 A7.60 41,70 47.60 557.40
19414 87,60 43,00 47,60 . 46.00 47.60 46,00 &47.60 4t 60 46,80 23.50 46,00, 47,60 554.90
1942 47.60 43.00 . 47.40 46.00 A7 . 40 46,00  47.60 47.60 46,00 47,60 44,00 4740 558.20
1963 . 45.20 43,00 27,60  44.00 A7.60 Lt.00 47,60 47.30 - &2.30 40,90 3s.90! 35.80 526,20
1944 45,80 35.30 47,60 46,60 47,60 44,00 47.60 47,60 43,90 41.70 46,00 47,60 | S42.70
1945 47.60 63,00  &7.80 46,00 £7.60 45.00 L7.60 47.60 46.00 45,60 40.50 i7.60 552.70
1946 42,30 34,30 47.60 £6.00 47,60 46400 47,60 47,60 4Z.00 40,60 . 39,30 38.90 S19.6B0
1947 57,60 43.00 47,60 46.00 £7.,60 45,00 67,60 47.60° 46.00 T 46.50 41.00 47,60 - §54.20
1948 47,60 44150 47.00 46.00 L7460 46,00 47,60 47,60 £5.50 43.40 45,00 41,70 551,10
1949 7,60 43.00 7,40 46,00 A7.860 46.00 47,60 45.70 4070 . 3%9.30 - 35,50 34.50 .. 521.10.
1950 34,20 L0.40 47,60 %6.00 47,60 45,60 47,50 47.60 46,00 44.30 39.80 38.50 . . 525.6%
1951 | 40.30 43.00 47,60 46.00 47.60 46,00 £7.60 45.00 40,10 38,60 - 46.00 47,60 535.40
1952 47,60 64,50 47,60 46,00 47,60 46,00 47,60 A7.60 66.00 47,560 46,00 46.70 . 560.80
1953 62.59 34.40 47,60 46,00 £7.¢0 46,00 47.40 42,30 36.80 37.80 . 34,30 47,40 513.30
1954 47,60 43.00 47,60 46,00 67 .69 65,10 41.99 38,70 35.20 34.90 32,10 32.70 492.60
1955 317,50 43,00 47,60 46.00 %?.60 46,00 47,60 47,60 46.00 - 47,80 46,00 42,80  :545.30
1956 47,60 44,50 47,60 46.00 &7 .40 44,00 47,60 47,60 46,00 46,60 4100 43,20 ~ 551.30
1957 47,60 43.00 47,60 45,00 47,60 46.00 47 .50 &7.80 66,00 67,60 48 .80 47.60 560,20
1958 47,60 43.00 47,60 46.00 47,60 46.00 47.60 LY. 40 - 46.00  47.50 &b, QD 4760 560.20
1959 L7.60  43.00 47.60 45,00 47,60 46,00 L7.60 47,60 46.00 | 47,60 - 46,00 47i60 . . 560.20
1960 &7, 80 44,50 47,60 46,00 67,60 46,00 47,80 47,66 . 43.10 45,00 46,00 - 47.80 556.20
1961 47.60 43.00 47.60 46.0D 47.60 &b .00 47.60 47,60 A5.30 44,80 66,00 £7.60 1 555.70
1962’ 47,60 43,00 47.60 46.00 47.60 46,00 47,680 47,80 46,00 4760 46,00 47,60 580,20
1963 47.60 . 43.00 47.60 46.00 47,60 46.00 . 47,60  47.60 46.00 47,60 46,00 47.40 550,20
1964 A7 .60 44,50 47,60 46,00 47,60 44,00 47,60 47.60 46,00 47,60 46,00 47.80 - 561,707
1985 47 .60 43,80 47,60 48,00 47.40 46,00 47.50 47.40 - 46.00 47,40 46060 47,60 560,20
1966 47.80 43,00 47,69 46,00 47.60 44,00 47,60 47 .60 46.00 40,90 . 38.80 A3.40 542,10
1267 G760 43,00 L7 .60 46.00 47 .60 46.00 &7 .60 &7 . 60 456.00 © 47.60 | 46,00 47,690 S80.20°
1968 47 .60 44.50 47,460 85,00 5T . 60 46,00 7,59 67,60 45,00 67,60 46,00 47,60 S61.720
1969 &7.60 43,00  47.60 46.00 47,60 46,00 47.40 47.60 46,00 47,60 46,00 A7.40 ~ 560.20
1970 47460 43.00 47,60 46,00 42,60 46,00 47,60 47.60 46400 47,60 44,90 47,60 559,10
1972 &7, 60 43,00 47560 46.00 47,60 46,00 47.6D 47,60 65,00 . 47:80 hE.OD 47,60 S560.290
1972 47,60 46.50 47,60 46.00 47.60 46,00 47,60 47,60 46200 47.60 46,00 L7.60 561.70
19773 47.60 43,00 47 .80 46,00 47,40 46.00 4T .60 47.50 46.00 £7.60 | 46.00 47,60 560.20
1974 4760 %3.00 47,60 46,00  47.60 46,00 47,60 - 47,60 46.00 ' 47,80 46,0070  AT.50 - 560.10
1975 47.60 43.00 47,60 46.00 47 .40 46,00 &7.60 47460 46.00 47,40 46,00 - 47.60 540.20
1976 67 .60 44,50 47,60 46,00 47 .60 46,00 T GT.60 47,60 46.00 47,60 46,00 47060 $61.70
1977 47.60° 43,00 L7.40 46,00 47,60 46,00 47,60 47,60 46,00 47.60 46.00 U 47,60 540.20
1978 47,60 43,00 47,60 48,00  47.60 46,00 457.60 47,60 46500 47,30 LAl00 . 4T7.60 559.90
1979 A7.80 43.00 47.60 £56.00 47,60 66,00 47 .60 %7.60 66,00 47 .40 28,00 47:60 560.20
1980 47,060 44,50 47,60 46,00 47 .60 28,00 47.560 &7.60 4600 . 47,60 . 46.00 47,60 541,70
1981 £7.60 43,00 47,60 46,00 L7.60 46,00 47 .60 47.60  44.00 47,60 40,50 - 47,60 - 554.70
1982 45,50 43,00 47,60 46,00 47,80 44, 00 47,60 47,80 46,00 &7.80 L6000 57,60 558,10
1983 47.60 43,00 47,60 46,00 47.60 46.00 47,60 47.60 A6.00  C 67.60 . 46,00  47.60 580,20
1984 47,60 44.50 &7.60 46,00 47,60 46,00 47.60 47.60 46,00 47,80 46,00 . 47,50 561.70
1685 4£7.60 432,00 . 47,60 4£6.00 &7 .60 &8 .00 A7.60 47.60 _46.00 T aT.80 46 .00 4740 T OLa0.20
1986 47,60 43,00 47,60 46,00 4750 46,00 47,680 47,60 46.00 47.60 46,00 47,40 560,26
1907 47.60 43,00 47,60 46.00 47.60 a6, 00 47.60 . 47,60 £6.00 47,60 T 46.00 47,60 560.20

TOTAL 2846.70 2603.70 2897.40 2806.00 2903.40 2805.10 24894.30 28%4.30 2739.20 2?88.26 264%.70 2782.60 33811.30

AVERAGE 46,67 42,68 47.50 46.00 &7.80 45,99 47,45 47.13 44,90 45,71 43,77 45,62 551,00
AR THUM 47,60 64,50 47,40 46,00 £7.60 66,00 47,60 47,60  46.00 47,60 46,00 4740 561.70
MINIMUM 34,20 34,30 41,40 46,00 4760 45,10 41.90 3870 . 35.20 34.90 - 32.10 32,70 492,40



Table 8-22 Monthly Peak Power of Lower Kihansi Project without Upper Kihansi Project

UNIT: MW

MONTH < van > < FEB > < MAR > < APR > < MAY > < JUN > € JuL > < AUG > € SEP > < OCT > < NOV > < DEC > <TOTAL>

YEAR .

1927 118,60 3118.00 118.00  118.00  118.00 118,00  1318.00 116,57 310,43 104.73 99.49 18,00 1375,21
1928 172,52 118,00 1i8.00 118,00 115,00 118.00 118.00  $18.00- 116.26  114.28  116.07  118.90  1403,13
1929 $117,1¢  105.62 118,00 118,00 116.09  118.00 118,00 10B.54  101.81 95.53 91.03 96.63  1306.30
1930 118,00 t:6.45 118,00  118.00 118,00 138.00  1i8.00 118,00  113.96  106.08  9D.43 91.20  1350,30
1931 1L8.08 118.00 116,00 118.Q0 l;lB.QO 118.490 118.0G 118.00 118,00 11&8.00 i12.93 118.00 1611.93
1922 118,00 118,00 118,00 118,00 113.00 118.00 118.00 118.00 318,00 138.00 118.00 118,00 15316.00
1933 1:8.00 1t8.00 1%8.00 . 118.00 .118.00 118,00  1:8.00 115,00  118.00  116.61. 108.22 100.78  1387.41
1934 $18.00 118.00 .A18.00  11B.00  138.90 - 11£.00  118.00  118.00  11B.00 - 115.00  314.5%7  11B.00  14312.57
1935 118,00 1ig.00 118,00 118.00 118.00 1:18.0C 138,00 118.00 112,79  116.58 116.13  1i8.00  1407.%0
1936 118.00 . 118.00 _1318.00 118,60 $18.00 118.00 118,00  118.60 118,00 118,00 118,00 118.00 1416.00
1937 118.00 'Fis.00 118,00 118.00  118.90  §18.00 - 118,00 118.00 118.00 116.00  11B.00 109.93  1407.93
1936 101.42  106.94 102,79 .. 118.00 118.00 118.00 109,11  102.59 97.44  106.75 102.54 98,96  1283.2¢
1939 118.00 110.5% 118.00 118,00 118.08  118.00 118,00 118.00  1318.00 114.95 108.35 105.26 - 13B3.t5
1940 1:8.00 ti8.00 118,00 118,00 118,00 " 118.00 . 1i8.00 118,00 11B.00 11B.00 106.94 118.00 ~1s04.94
1941 11£.00 118.00 118.00  118.00. 116.00 118.00 118.00 © 118.00 §14.94 10A.06 118.00 1318.00  1&402.99
1942 - 118.00 118.00 118.00 118.00 118,00 118.060 118,00 118.90  118.00 118.00 112.72 118.00 1410.72
1943 112.27 118.06 118.00 118,00 _ 118.00 13i8.00 118.00 117.43  10B.358 101.49 94,58 88.91 ' 1331.25
1944 11%.68 93.54 118,00 - §118.00 ~118.00 113.00 118,00  118.00  §12.45  103.44¢ 118,00 118,00  1367.11
1945 118.00  118.0¢  1168.00  11B.00 118.00 . 118.00 118,00 118,00 . L18.00  113.04 103,90  1i8.80  1396.94
1944 104.95 g4.26 118,00 . 118,60 118.00 118.00  118.00 118.00 127.77  180.63 100,80 96.49  13:2.87
1947 118,00 118,00, 118.00 118,00 118.00  118.00 118.00 118.00  118.00 115.63  105.23 118,00  1400.84
1948 11B.00  118.00 118,00  11B.00 11B.00  118:00 112,00  118B.00  1146.72  107.77  118.00  103.3%  1385.88
1949 118.00 118,00 118.¢0  118.00 118.00 118,000 1i8.00 113.3% - 104.28 97.52 %0.93 85.65 1317.73
1950 84.84 111.:1  115.00 . t18.80 118,00 118.00 118,00 118700 . $18.00 199.81  10}.94 95.62 = 132%.32
1951 100,09 118.00 118.00 ° 118,00 118.00 118.00  118.00 111.73  142.95 95.70  118.00 118.006  1356.47
1952 © 118.00  118.00 - 118,00  $18.00 118.00 116.00 138.00 118,00 118.00 118.00 118,00 . 11%.78 1413.78
1953 105.49 9£.51 118.00 ~ 1318.06 1i5.00 118.900 118,00 107,34 9% 60 93.71 87.89  117.60 1295.94
1954 11B.00 '~ 118.00 118,00 118,00 118.00  115.59 103,85 95.92 #0.27 86.56 a7.30  ~ B1.0&  §BL5,54
1955 93,06 118,00 118.00 ° 318.00 131B.00  118.00  118.00 118.00 118.00 115.00 118,00 1066.26  1379.31
L9456 118.00 © 118,00 -118.00 _ 118,00 118.00 . 1le.40° 118.60 118,00 118.00 115.56 105.1% 107,20 136%.95
1957 118.00 . 118.00 ~ 118.60 . 318.00 £18.00 . 118.00 118,00 © 118,00 118.00 138.00  118.00 .. 118,00 1416.00
1958 £E18.00- ¢ 118.00  118.00  t18.00 118,00  1t8.00 138,00  {18.00- 118.00 118.00 118.00 1i8.00 1416.00
1959 118,00 11B.0O0  118.00  118.00  11H.80 318,00  118.00 3t3.00  13B.00  1i8.00  118.00 118,00  1416.00
1960 E18.00 118,00 - 118.00 118,00  t18.00 118.00 . 118,00  116.00 110,53 181.57 118.00 $318.00  1402.10
1961 118.00 116.00 118.00 115.00  118.00 118.00 138,00 118,00 113.67 111.24 118,00 1i8.00 1404.91
S 1962 £18,00 118,00 _ 118,00 ~ 118,00. 118,00 118,60 118,00 §tA.00 ° 118.0¢ 118.00 118.00 118.00  1416.00
1963 1i6.00 © 118,00 . 118.06. 118.60  1i8.00 118,00 .118.00 118,00 118.00 118.00 118.00 i18.00 1416.00
1964 118.00 118,00 118,00 118.00 118:00  11£.00 118.00¢ 118.00 118.00 118.00 115.00 118,00 1416,00
1965 118.00 118.00 . '11B.00¢° 118.00 - 118.00 . 118,060 118.0¢  3118.00 - 118.00 118.00 118.00 118.00 1416.00
1966 118.00 . 118.00  118.00 . 118,00’ .118.00 118,00 118,00 - 118.00 ' 118.00 101.51 99,46  107.71 1370.68
1967 116.G0 118,00 118:00 116,09 118.00 118.00 115.00 118.00 118.00 118.00 118.00 118.00 1416.00
1968 . . 118.00  118.00 118.0¢  118.00 118,00 118,00  118.00  118.00  118.00 . 118.00 118,00 118.00 1416.00
1969 118.60 138,90 118.00  118.00 . 113.00 118.0¢ ~ 118.00  118.00 118.00  118.00 118.00 118.00 1416.00
‘1970 118.00 118,00 118,00  118.90 ° 118.00 118,90  118.00 - 118.00  118.90 11809  115.25 11B.80  1413.25
1971 116.00 - $18.00  :1B.00 . 138.00  118.00  118.00 118.00 ~ $13.00 118.00 118,00  11B.00 118.00  1416.00
1972 118.00 1t8.0¢ 118,00 118.00 118.060  118.00 118.00 118.00 118,00 118.00 118,00 118.00  1416.00
1973 . 118,00 118,00 : 118.00 118,00 - 118.00 - 118.00 131R.00 ' 118,00 118.00 113.00 118.40 118,00  1218.00
1974 118.00 118,00 £18.00  118.00 118.00. 118,00 118.00  116.09 . 118.00 118.00 118.00 117.83  1£15,83
1975 ° 118.00 118,00  1i8.00 116.00 . 118,00 118.00  118.¢0. 118,00 131B.00  118.00 . 118.00 11B.00 ° 1416.00
1876 118,00 118,00  118,00° 118,00 - 118.00  118.00.. S118.00  118.00 118,00 $18.00 1i8.00 13i8.00  1416.00
1977 118.00 . 118.0C 118.00 118.00 118.00 118.00 118,00 118,00 118.00 118.0¢ 118.00 118.00  1416.00
1978 118.00  118.00° - 118,00 116,00 118:60 118.0¢ 118,00 118.00 116.60 1:17.31 118.00  118.00 . 1415.3%
1979 118:00 - 118.00. 118,00  118.00 118.00 ° i18.00 116.00 . 118.00 1§8.00 §18.00 118,00 118,00 1416.00
1980 . 118.00 -.118.00 1i8.00 118,00 118,00  118.00. . 118.00 ~ 118.00 118.00 ‘116,00 118.00 118,00 = 1416.00
1981 118,00 118,08 118.00 118.9¢  118.00 138,00 . 11B.i00  118.00 118,00  118.08 163,72 118.40  1401.73
1982 112.86  t18.00 §18,00 118,00  118.00 . 118.00 118,00 118.90 118,00 118.00 (18.00 118,00  1410.84
1983 - 118.00 . 115,00 118.00  118.00.. 118.00 . 118.00  118.00 1#B.00  118.00 118.00 1i8.00. - 118.00 - 1416.00
1984 116.00 118,00 118,00 118,00 ~118.00. 118.0C . 31B.00¢ 118,00  118.90  128.00  11B.00 113.00  1216.00
1985 . 118.00 118,00 118.0¢ 116,00 11B-00 . 118,00 - 312.00 11B.00 118.00 118,00 11B.00 118.00 1416.00
1986 118,00 118,00 118,00 ° 138.00° 118.00 418,00 118.00 118.00 i13.00 118.00 118.90 116.00 1416.00

1987 118.00 118,00 118.00 118.060 . 118.00 118.00 i18.00 1iBlOQ 118.00 1i8.00 11a.o00 118.0¢ 1416.00

TOTAL 7058.27° 7084.98 7182.76 | 7198.00 7198-00 7195.59 - F174.96 7i27.48 F028,25 6914.06 4BL6.98 6897.82 B84907.18
AVERAGE 115,71 116.15  117.75 116,00 116,00 . .117.96 . 117.62  136.86 115,18 113.35 112,25 113.11  1391,92
MAXIMUM © 118,00 118.00 118,00 ~ 1i8.00 - 118,00 118,00 118.00 118,00 114,00 118,00 118.00 116.00 1416.00

MINIHUﬁ 04, B4 93;36 102.79 118,00  118.Q0 1i5,59_ 103.8% 52.92 99.27 86.54 §2.30 81.04 1245.54
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DATE

27101
2792
2703
27904
2705
2706

C 2707

2712
2802
2803
2BD4
2805
2806
2807
28908
2812
2903
2904
2905
2996
2997
3001
3903
2004
3685
3098
3007
3098
3101
3102
3103
3104
3105
3106
3147
3108
3109
3110
3112
320t
3zee
2263
3204
3205
3206
3207
3z08
3209

118.0
118.¢
118.0
118.90
t18.0
1318.0
118.9
118.0
118.0
118.0
116.0
118.0
118.0
118.0
118.0
118.0
118.9
118.0
1:8.0
118.0
118.0
118.0
118.9
118.0
148.0
118.0
118.90
118.0
118.0
118.0
118.0
118.0
118,90
118.0
118.0
118.0
116.0
118.0
118.0
118-9
116.0
118.0
118.0

116.0 -

i18.0
118.90
118.0
118.0
115.0
118.0
118.0
118.90
118.0
11B.0
118.0
118.9
118.0
iig8.0
118.¢
118.0
£18.0

DATE

3402
303
3204
3505
3404
207
3408
3409
3410

3&1z

3501
3502
3503
3504
3505
3506
3507

3508

3512
3601
3602
3503

- 3604

3405
3606
3607
3668
3409
3610
3611
3612
3701
3702
3703
3704
3705
3706
3707
3708
3709
3710
3711
3504
3805
3806
3901
3903
3504
390%
3908
3907
3908
3909
4001
4002
4003
4004
4005
4006
4007
4008

118.0
118.0
118.0
11B.8
118.0
118.0

116.0

118.0
t1a.¢
118.90
180
118.0
118.¢
118.0
t18.9
118.0
118.0
118.0
118.¢
11e.9
118.0
118.0
118.0
11e.0
i1g8.0
118.0
118.9
118.0
t18.0
118.0
118.9

"tia.o

118.0
118.0
118.9

11a.0

t18.0
116.0
118,90
118.0
118.0
L18.0
158.0
118.0
i18.¢

RO.

123
124
125
125
127

129
130
i3t
132
133
134
135
136
137
138
139

161
142
153
146
14%
144
147
148
149
1590
15t
152
153
154
155
156
157
158
159
160
tel
162
163
154
145
166
167
1686
169
170
173
172
173
174
175

177
178
179

“1Bo

181
182
183

DATE

4009
4910

4103
4104
4105
4106
4107
4198
411t
4112
4201
L202
4293
4204
4205
4206
4207
4208
4209
4210
4z212
4302
4303
4304
4305
4306
5307
4403
4404
4405
4408
[L2ixg
4408
4411
4412

© 4501

4502
4503
4504
4508
4506
4507
4508
4509
512
4603
w504
4605
4606
4807

4508

4701
4702
4703
4704
4703
4708
L7107

118.0
il18.0
ila.¢
118.0
118.0
118.0
118.0
118.0
£18.0
118.06
1106.0
118.0
118.0
118.0

_118.0

118.0
116.0
1i8.9
118.0

‘118.0
18,0

118.0
118.0

118.0

116.0
1318.0
i18.0
£18.0
1368.0
118.0
118.0
118.0
118.0
$18.0
118.0
118.0

.118.0

118.0
158.0
118,90
115.0
118.0
118.90

118.0,

118.0
118.0
116.0
118.0
118.0
118.0
118.0
118.¢0

i18.¢

118.0
1£8.90
£18.0
118.0
118.0
118.0
118.0
118.0

Table 8-23 Peak Power Duration of Lower Kihansi Project without Upper Kihansi Project

NO,

184

238
23%
249

.26l

242

C 243

244

OATE

4708
4709
712
4801
4802
4803
4804
4805
4806
“807
4808
4811
4901
4902
4903
4904

‘4905

4506
4907
seo3
s006
5005
5006
5007
5008
5009
5102
5103
510&

. 5105

5106
5107
5131
5112
s201
5202
5203
5204
5205
5204
5207
S208
5209

‘5210

5211
5303

- -5304
‘5305

5306
5307

5401

5402
5493
5404
5605

5502

5503
5504
5505
5504
8507

118.0
118.0

118.¢

118.0
118.0
118.0
t18.0
118.90
118.0
118.0
118.9
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.90
118.0
1i6.0
118.0
118.0
118.0
1i8.0
118.0
118.0
118.0
118.0
118.0
118.0
11B.D
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
1ib.0
118.0
118.0
118.0

118.0°
1t8.0

118.¢

118.0

118.0
118.0
116.9
118.0
its.0

ND.

245
246
247
248
eny
250

‘ast

252

‘253

254
255
256

210

DATE

5508
5509
5510
s51t
5601
se02
5603
5604
5405
5606
5607
5608

56409 .
5701,

5702
5703
5704

5705

5706
5707
5708
570%
5710
5711
512
5801
5802

. 5803

5804
SBOS
5804
5807
5808

5809
5810

s811
5812
5901
5992
5903
5904
5905
5906
5907
5908
5909
5910
S981
55312
6001
4002

;6003

4004
46005
&005
£5007
4008
a011
5012
6101
6102

1518.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
E16.9
118.0
118.0
11B.0
118.0
118.0

118.0
118.0

118.0

118.0.

118.0

‘118.0

118.¢
118.0
118.0
118.0
118.0
118.0
118.0
118.0
158.0
118.0
118.0

‘r18.0

118-0
118-0
t18.0
1:18.0

118.0

118.0
118.0
118:9
118.0
1i8.0
118.0
£58.0
118.0
i18.0
118.0
118.0
118-0
118.0
118.0
118.0
118.0

" 118.0

118.0

NO.

306

327

366

DATE

4103
6104
4105
6106
5107

Cs1o8

5111
4112
4201

6202,

4203

‘BZ0A
8208

6204

L &207

6208
6?09
&21Q

Ja211

6212
6301
6302
6303
6304
6305
6306
8307
s308
6309
5310
5341
6312
64601
6402
6403
6604
5405
6404
6407
&408
6409
Halo
6411
6412
6501
6502
6503
6504
6505
&506
&507

6508
‘6509

5510
6511
6512

T 6601
‘6802

6603
6604
£605

1ia.0
118,0
1i8.0
i1a.0
118.0
118.0
1i8.0
118.0
118.0
1i8.0
1i8.0
t18.0
118.0

118.0

118.0
118.0

118.0

118.0
118.0

118.0

it8.0
t18.0
118.0
1£8.0
118.90

118.0

118.0
118.0
i18.0
118.0
118.0
118.9
118.0
118.0
118.0
118.0
118.0
§18.0
118.0

‘118.0
118.0
118.0

1ia.¢
118.9
118.0
118.0

427

3%}

392
393
g
395
394
397
ELT:S

399

£0%
LG
anz
03
ens
05
A7

Lan?

~la
6
230
&11
&12
413
alg
415
414
417
418
419
%20
421
222

423

424
425
L26

DATE

66048
6607
6608
4609
6701
6702
6703
G706
4795
4706

K- 24 T

6703
65709
6710
6711
6712
S801
HE02
4303
S304
4535
6836
&GOT
4808
&HEDY
6810

‘6811

6812
6901
6902
6903

" 8504

£905
6906
6507,
‘«08

6909

6910
651
6912
7001
FLLY
7003
7508
7005
7006
7007
7908
7009
7610
ot
7101
7102
7103
7104
7105

7106

7167
71908
7109
7110

116.0
118.0
118.0
118.¢
116.0
118.0
118.0
118.0
118.0
118.0
11e.0
i16.0
118.0
118.0
116.0
118:0
118.0

1118.9

118.2
1:8.¢
118.0

118.0

118.0
118.0
118. 0
118.¢
118.¢
ilg.c
1180
118.0
118,0
118.0
118.0
118.0
118:0
118.0
118.0

18,0

118.0

118.0

118,06

11a.6G-

118.¢
118.¢
118.0
118.0
118.0
118.0
118.0

115.0.

i18.0

118.0

118.0
118.90
118.0

T.118.0

1i8.¢
118.0
118.0
11g.0
11B.0

NO.

428

434

&42

L4
LAS
4hdb
LAT
448

450
551
452
453
454
455
454
357
458
439
460
&6l
462
&&3
ey
465
LEB
&o?

T 468

489
470
471
472
473
474

475

L76

- 47T

478
%79
480
481
482
4p3
484
485
434
37
&84

QATE

7113
7112

- 7201

7202
7203
7204
7205
7206
7207
7208
7209
7210

7606
7807
7408
7609
7610
7611
7612

118.0

:'118.0

118.0
118.0
118.0
118:0
118.0
118.0

S r18.0

1i18.0
118.0
118.0
118.0

118.0

118,0
118.0
118.0
110.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0

‘118.0

118.0
i16.9
118.0
1i8.0
118.0
118.0

118.0

118.0
118.0
118.0
112.0

C1IBLO

118.0
118.0
118.0
118,49
138.0
118.0
118.0
118.90
E18.0
118.0¢
118.¢

c118.0

118.0

118.0

118.0

118.90

118.0
i18.0

118.0

“1i8.0
118.0

116,90

489

494

495

496
&97
438
499
500

502
503
S04
505
506
507
508
50%
510
511
512
513
514
515
516
517
518
51%
520

.521

522
523

524

525
526
527

.sz28

529
£30
531
552
533
534
535

535

538
539

540
561
542
543
LT¥N

545

546
547
548
549

DATE

7701

C7hoz

7703
7704
7705
7706
7707
7708
7709
7710
7711
7712
7801
7802

- 7803

7804
7805
7806
7807
7808
7809
7811
7812
7901
7902
7903
7904
7905
7906
7907
7908
790y
7910
7911
7912

18001

8002
8003
5004
8005
8004
ano?
8008

8009

8010
8041
8012

8101

8102
8102
8104
8105
8106

8107

aicsd

BlOD

8110
8112
8202
8203
B2o4

118.0
118.0
118.0
118.0
18,0
118.0
118.0
148.0
118.0
116.0
118.0
118.0
118.0
118.0
150.0
118.0
118.¢
116.0
118.0
118.0
116.0
118.0
1t8.0
118.0
118,06
118.0
118.0
118.0

118.0°

118.0
18,0
118.0
118.0
118.0
118.0
tis.o

-118.0

i18.0
118.0

NO.

550
551
552
553
554

555 |

554
557
558
559
540
561
542
563
s64
565
566
&7
268
569
S7C
571
572
573
STh
575
s576
577
578

579

580
581
(YL
583
S84
585
586
587
528
589
590
591
592
593
594
595
596
597
5986
599
600
601
602
603
604
505
606
607
608
409
610

DATE

5205
B204
8207

-808

8209
B210
a1t
8212
8301

‘8302

28303
B304
£8305

T B30S

ase7?
8308
8309
83110

a311

8312
8401
8402

BLO3 .

8404
8405
8406
8407
8408
8409
B4&10
8411

B4

8501
a502

as548
8509
BSiC

T 85114

8512
6691
8602
8403
8604
8405
8506
8607
8608
8609
8610
8611
8812

_arot

5?02
8703
8704
8705

118.0
118.0
118,0
118.0
118.0
118.0
118.0
11B.0
116.0
118.0
118.0
118.0
118.0

‘118.0

118.0
118.0
118.0
118.0
118.0
118.0
1180
118.9
118.0
118.0
118.0
116.0
118.0
118.0
118.0
118.0

“1ig.0

118.9
118.0
118.0

“i18.0

118.0
118.0
118.0
1t8.0
118.0
118.0
118.0

118.90

1:8.0
118.0
118.0
118.0
118.0
138.0
118.0
i18.0
i18.0
118.0
118.0
118.0
118.0
118.0
118.0
118.¢0

118.0
118.0

671

DATE

8708
8707
8708
8709
az19
8711
&712

Faaz

5312
4308
7810
2901
4809
3310
3510
2708
28079
351t
Za11

-8212

4710
5406
5610
7011
3910
4109
3411
3002
2E19
2009

3111

4501
&109
4908
4510
8201
3509
4211
2801
4409
4301
5108
4010
6110
5002
3902
6009
2709
3712
5010
3807
4309
2908
3911
331t
4110
4810
4609
6612
5308
5612

118.9
118.0
118.0
118.0
118.0
118.0
118.0
11v.8
117.46

J112.4

117.3
117.1
116.7
116.6
116.6
116.8
116.3
114.1
116.1
115.8
115. 4
115.46
115.6
115.3
1146.9
114.9
114.56
114.4
114.3
1t4.0
113.9
113.7
113.7
1i3.3
113.0
112.9
112.8
112.7
112.5
112.5
i12.3
1.7
iil.s
111.2
111.1
110.6
110.5

C110.4

103.9
109.8
1e%.1

108.4

108.5
108.4
108.2
108.1
167.8
107.8
167.7
107.3
107.2

77

UNTT: WY
NO.  DATE
672 4011
673 - 3802
674 3810
675 5512
676 3010
877 2902
678 5301
&79 312
680 4731
581  S611
682 4601
683 2710
684 4509
6BS a5l
686 5407
687 8111
88 3811
689 4410
&0 4Bie
491 5309
692 3g03
‘693 1408
%4 5011
495 2909
696 6610
697 4310
498 3801
697 4613
700 3312
20t - 4610
02 5101
J703 2713
706 é6it
705 3309
706 301}
707 3812
708 . 4910
709 3809
710 2912
711 4612
712 5408
713 5110
‘714 s012
715 2910
716 4311
717 8302
718 4602
71% 5310
720 4402
r2% 5501
ree 3012
723 291
T2k 4911
225 5409
786 432
27 5311
728 5410
729 4912
730 5001
731 5411
32 5412

106.%
106.9
10&.7
1046.3
106.1
105.6
$105.5

1 105.3

105.2
105.2
104.9
106.%
104.2
103.9
103.9
103.7
103.6
103.4
103.4
102.9
i02.8
102.4
101.9
i01.8
§91.5
105-5
104 -4
100.8
100.8
100.6
100.1
99.5
99.5
2.4
g8.6
8.6
97.5
97.%
Y6. 6
26.5
95.9
95.7
95.6
95.5
Qo b
Q4.5
94,2
3.7
93.5
3.1
91.2
91.1
0.9
90.3
a8.3
B7.9
8&.6
85.7
84.8
82.3
a1.0






Table 8-24 Total Energy Production of Lower Kihansi Project with Upper Kihansi Project

UNIT: 10% kwh

HONTH < uAN > < FEB > < MAR > < APR > < MAY > < JUN > < JUL > <'AUG > 1 SEP > < OCT > < NOV > < OEC >  <TOTAL>

1927 113,680 192.640 &1.20 59.40 61,10 5%.10 51.00 51,00 58.10 42,20 38,60 56.20 774,30
1928 45,40 44,50 68,80 59,50 61,30 59.10 61.00 61.00 59.00 60,50 59.00 et.10 701.00
1929 57.10 38.50 61.20. 60,00 51.10 39,10 61,00 60.90 58.90 58.20 35,40 39.00 550,60
193¢ 59.60 41,70 98,80 864,30 a1.30 59,20 63,10 61,00 59.00 50.90 58.90 60,80 44,60
1931 ®1.00 . - S8.20  113.60  110.00 80.00 74.80 78.70 6820 41,60 61.00 59,00 61.00 A%5.10
1937 106.60  106.30  113.40  110.00 83,80 71 .60 76.70 47.40 81.20 51,00 5%.00 61,00 978.49
1933 112,60 102.40 113,80 . 40.00 61,460 59.30 61.10 61.40 59.00 61,00 58,90 60.50 872.80
1934 107.90 95.90 66.00 59.40 H1.40 59.40 61.20 &1.10°  59.10 61,00 59.00 53.20 a12.80
1935 105.10 102,40 112.20 59,30 51.20 59.10 61.00 51.00 59.00 55.00 45.30 51.90 B4R, 70
1936 113.50 104.30 £6.30 110.00  113.60 91.40 ag. b0 T6.40 68.40 856,90 58,00 58.70 1029.40
1937 99.90 BY.30  113.60 59.90 . F2.70 68,30 75,90 65.00 51,50 52,60 59.00 50.90 BAL. 40
19385 67 .10 75,60 640,99 59,40 £1.00 59,00 47.70 41040 36,00  43.10 40,50 39,80 633.50
1939 61.20 44,50 &1.20 110,00 61.50  sb.40 68,50 s1.10 59.00 60.%0 58.90Q 50-90 770.30
1940 143,460 104.30 69,00 70.70 61,30 - 59.20 61.190 61,00 59.00 61,00 53,90 61.00 852,10
1941 61.00 102,60 96.90 5%.30 61,60 59.20 61,10 51.00 59.00 60,90 59.10 6k 10 B8O2.80
‘1942 67-20 B9.40  113.40 95.30 72.79 71.70 76.30  66.40 60.30 61.00 55,00 55-80 205,70
1963 77.20 90.10 55,50 59,40 61.80 £95,10 61,00 &1.00 58,90 60.%Q 58.90 55.40 769.10
1944 45,90 35,30 59,20 80,30 61.40 55.20 41,10 61,00 59,00 80.90 59,00 - 61.30 874,60
1945 101,40 97.70 70,80 60.00 84,60 63.70 76,20 61.30 59,00 69,90 58.90 61,00 B4%.50
1946 64,70 71.00 61.00 . 87.80 61,30  59.10 61.00 61.00 58,90 60,90 58.90 &60.90 766.00
1947 51.40 a1.10  97.50 59,80 £1,40 55,30 81,20 61.10 59.00 ‘60,90 s8.9¢  112.90 834,70
1948 113,60  104.30 | ¥13.80 59.40 61,30 59,20 81,10 81.00 59,00 60,90 59,10 60.59 275,40
1949 58,50 72.00 61.10 55,40 &61.20 §9.10 61,00 60.90 56.90 60.90 37.1¢ 34.60 aB4A .90
1950 34,20 40,50 90,10 59.60 561.60 59.20 61,10 £3.00 53.00 50,90 58.96 60.90 707.00
1951 60,90 55,20 61,00 59.80 61.36 59.10 £1.00 50.90 55.90 43,60 59.40 £1.00 708.10
1952 T E1.40 YH.50 57,10 71.90  1i3.s0 82,60 78.90 67,80 60,99 61.00 72.5¢ 40,90 927.50
1953 73,90 71.10 51,190 59.20 61.40 59,10 41.00 60.90 50.50 37,80 34.30 L7, 4D 577.39
1956 w1.20 4B.00 50,40 59.20 61.10 46,30 41,90 38.70 35.80 34,90 32,10 3z.70 541,70
1955° 37,56 55,50 71.40 110.00 80.20 76,10 78.20 . 67.50 - 60,40 61,00 59.00 5050 B17.70
1956 113,60 104,30 76,30 110.00 61.50 55.90 72.50 63,00 59.00 60.90 58,90 50,50 96%.80
1957 112.40°  102.60 85,20 106,30 111,40 68.20 74.60 &9.20 &5.10 46,50 61,20 73.80 996.30
1958 100.70  102.60  $i3.60  110.090 86.99 63,70 . 71.40 67,00 4440 66,70 60,590 92.10 999,60
1959 103,00 102.60 104.10 59.70 81,30 59.20 61,10 51,10 - | 59.10 61,00 59.00 61.10 B52.30
1960 61,00 104,30 . 113.60 110,00 113.60 &8, 40 63,90 61,00 59,60 60,90 59.00 51,00 937,70
196t 74.30° 102,40 75.90 55,40 61.70 59,00 51.00 s1.10 59.00 50,90 £4.10 £1.490 795,40
1942 113.40 102,40  113.460 - 110.00 113.66. - 93,90 92,10 81,40 66,30 75.20 55,460 80.80  1109.20
1953 113,60 102.60  §13.60 110.00 © -113.60 87.90 95,50 82.30 74,90 74.20 100,00 67.40 1135.50
1964 113,60 106,30 [ 113,60 110,00 113,60 . 110,00 104,70 96,90 82,90 79.70 ¥z.10 86.20 1187.60
1965 113,40 102.60 113.40 110.00 ?7.20 66.50 76.20 71.50 66.50 69.50 66,70 80.60 1012.9¢C
1946 113,60 102,60 113,60  110.00  113.60 75.20 76.30 73.20 68,10 50,90 58.90 £0.90 1026.90
1967 86.30  102.40 99,50 63.60 . 107.30 B82.30 80.99 73.80 67,20 &8.50 75.00 113.40  1020.50
1968 113,60  106.30 313,60  310.00 113,60  116.00 113.60  108.70 93.90 B87.50 84.50 110,80  1264.10
1989 113,60  102.60  113.560 B3, 50 88,40 68.30  75.7¢ 74,10 66.90 #5.20 £4.50 74.10 995,60
1970 113,60 102.60  t13.60  110.00C 6140 59.20 £8.50 66.00  62.10 61,40 59,00 98.10 975.50
11973 107,70 . 102.60 109.70 110.0C 68.30 60.80 78.7¢ t8.70 65,30 83.60 64,50 75.80 995.70
1972 113,60  106.30  113.40 ~ 110,00 113.e0 Y240 87.50 73.90 Tr.EO 75.99 71.2¢ 113.60 1149.30
1973 113.40  102.40 - 113,60 110,00 113,40 52,70 89 .80 78.00 74.20 75.10 71.20 87,60  1122.00
1474 113.60. 102,60 113,40 .00 113.40 101.30 90,90 74.90 74,30 74.00 68,50 61.20  1098.50
1975 109.10° . 93,00 67.10 . 95.30 79.80 78.10 70.10 68,60 55,00 59.00 58,80 917.70
1976 :102.90  106.30  99.20 56,70 96,40 87,40 75.10 67,90  67.40 59,90 61.00 988,70
1977 95,90 84.10 67,70 59,90 66080 66,80 71.30 43,30 59,00 61,00 53,40 90.20 BLT.TD
1978 108.50 .. 99.80 B89.40 63.80 85.20 72.80 72,80 53,10 59.00 61,00 60,80 86.00 g22.00
1979 113,60  102.60  113.40 110,00 - 113.60  110.00 113.60 94,40 BR.49 75.10 72.20 92.80  t191.60
1980 - 113.60 - .106.30 76,10 . . 59.70 61.80 59 .30 69.10 65,00 59.60 41.00 59.00 58-10 858,60
1981 $1.40 56,10 . 75.00 59,60 61,50 (59.20 | &1.10 61.00 59,00 s1.00 58,90 61.09 802.80
l 1932 60,90 55,10 61,30 59.60 61.90 55.30 61,10 6i.00 59.00 61,00 59.10 B6.7¢ 745,30
1983 © 113.40° 102,60 109,30  85.80 113,60  107.50 97,90 74T 68.40 £6.90 - 59,90 47.60  1070.50
1984 94,20 97.00 94.00 59,40 . 111,70 95,40 . - B9.40 73,80 67.60 68.30 62,90  104.80  1028.70
1985 113.684 102,60 | 113.60 110,00 113.66 99,70 $7.20 79,50 71.50 69.10 76.20 113.60 11460.20
1986 0 113.60 102040 0 113.60 116.00 113.60 110.480  113.40 99.50 a0.30 74.20 Bs.90 113,40  1232.50
1987 113,40 102,60 113,60 59.80 . 83,40 B2.60 B4 . 4D 72.70 84,20 66.90 65.20 . B5.80 994,60

TOTAL  5560.90 5446.60 5560.00 4974.10 4963.20 6416.00  4511,00.. 4138,20 3p47.30 3856.60 3I669.80 4338.90 55322.70

AVERAGE 91,14 89.29 91.15 8t.54  Bi.69 72.39 73.95 67,86 43,07 s3.22 50,49 74,13 904.93
HMAXTMUM 113.40 © 106.30  113.60  110.60 153,40 - 110,00 113,60  106.70 93,90 87.50 100,00  113.40  1244.10

MINIMUM 34,20 35.30 ISQ-ZO 59.2¢ 61,00 46,30 41,%0 38,70 35.290 34.%0 32.19 32.70 541.70



Table 8-25 Firm Energy Production of Lower Kihansi P'roject witty Upper Kihansi Project

oniT: 10% Kun

YEAEONTH < JAN > < FEB > < MAR > < APR > < MAY > < JUN > < S + < AUG > [ SEP > < QBT '> < NOV > < DEC > <TOTAL>

1927 61.50 55.60 61.20 59,40 61.10 59.10 61.00 £1.00 58.10 42,20 38.80 56.20 675,20
1926 45.40 44.90 61,50 59.50 &1.30 59.10 61.00 ‘61,00 59.00 40.90 59,00 61.10 593,70
1929 57.10 38.50 41.20 $9.60 51.10 59.10 61.90 £0.90 58.90 £8.20 35.80 39.00 650.20
1930 59.60 63,70 61.50 . 59.60 61.30 59.20 61,10 61.00 53,00 . 60,30 58.%0 40.89 704,69
1931 61,00 55,60 61.50 59.560 61,50 59.460 61.50 €1.50 59.60 61.00 59.00 61.00 722.40
1932 61.50 57.60 61,50 59,60 61.59 59.60 61.50 61,50 59,60 61,00 59,00 61,00 724.90
1933 £1.50 55.40 51.50 59,40 61,40 59.30 61.10 &1.40 59.00 41.00 58.90 60.90 721:20
193e 61.50 55.60 61.50 59.60 51,40 59.40 51.20 61,190 59.10 61.06 5¢.00 61,50 721.70
1935 61.50 55,60 61,50 59.30 51.20 59.10  51.00 51.00 59.00 55.00 45,39 &£1.50 701,00
1936 61,50 57.60 4150 59.60 51,50 59.460 61.50 61,50 59.60 61,50 59,00 51,50 725.90
19327 61.50 55.60 61.50 59,60 £1.50 59.60 51.50 £1.50 59,60 61,50 59.00 50.90 723.30
1938 51.50 55,60 50,90 59.4¢ 51.00 59.00 £7.70 51,40 38,00 43.10 40,50 39.80 407.50
1939 61.20 £6.50 £1.20 59.40 61.50 5%.40 61.50 61,10 59:00 £0.90 52490 60,90 713,90
1940 61.50 57.60 61.50 5%.60 61430 59.20  61.10 61,900 59,00 61.00 58,90 61,00 7R2.70
1941 61,00 55.60  561.5¢ 59.30 51,50 59.20 61,10 . 61,00 59.00 60,90 59.10 61,10 720.30
1942 61.50 55,60 51,50 59.80 51.50 5%.60 51.50 61,50 59,60 61.00 59.00 61,50 723.40
1943 61.50 55.60 £1.50 59.40 61.50 59.10 61.00 61.00 58.90 £0.90 58.90 55,40 714,70
1944 45.90 35.30 50.20 59.60 &£1.40 59.20 61,10 61,00 59,00 s0.90  52.00 61.30 &73.90
1945 61.50 55,60 61.50 59.60 . 61.50 5%.60 61,50 61,30 59.00 £0.90 - 53.90-  61.00 721.90
1946 61,50 5560 61,00 59,80 51430 59.10 61,00 £1.00 58,90 . 60.90 58.90 60.90 719.70
1947 61.40 55.60 61.50 59,60 61.50 59.30 61.20 1,10 59,00 £0.90 58.90 61.50. - 721.50
1948 61.50 57.60 63,50 59.40 61,30 59.2¢ 61.10 61.00 $9.00 60,90 59,10 60,90 722,50
194% 58.50 55.60 61,10 59.60 £1.20 59.10 61,00 60,50 58.90 60,990 37.10° . 34,60 668,50
1950 34.20 40.50 51,50 59.40 61.50 59.20 63,10 1 - 61.00 59,00 | 60.29 58490 60,90 678,30
1951 60.90 55.20 63.00  T5%.40 61.30 59.10 61,00 50.90 58,90  4%.40 59.40  61.00 707,90
1952 61,40 57.60 61,50 59.60 61,50 59.60 51.50 61.50 59.60 61.00 59.60 60,90 725.30
1953 61.50 55.60 61.10 5%.20 61.40 £9.10 61.00 60,50 50,60 37.80 34,30 L7.40 £49.90
1954 61,20 48,00 50,40 59.20  61.10 46.30 61,990 36.70 35.20 34.90 32.10 3z.7¢ 541,70
1955 37.50 55,50 . 61.50 59.40 61.50 59.460 61.50 51,50 59,60 ° - 61.00 59.00 60,90 698,70
1956 61,50 57.60 61.50 59,60 61,50 $9.40 51,50 61,50 59.00 60.90 58.90 60,90 . 724,00
1957 61.50 55.60 61.50 59.60 61.50 59.460 61,50 61.50 59.60 61,50, 59.60 61.50 724,350
1358 61,50 55.60 61,50 3%.60 81.50 59.60 61,50 61.50 . 53,60 61,50,  5%.60 61,50 724.50
1959 61,50 55.50 61,50 59,60 61,30 59.20 :  61.1¢ 61,10 59,10 61,00 59.00 61.10 721,10
1960 61.00 57.60 6§50 59.60 61.50 59.40 61,50 61,00 . 59,00 -60.90 59.00 61,00  723.20
1951 61.50 55.60 61.50 59.40 61.50 59.40 £1.00 51.10 59,00 60.90 59.10 . 81.40 721,20
1962 61.50 55.40 61,50 5%. 60 61.50 59,60 63,50 61,50 59,50 41.50 59.60 61.50 724,50
1963 61,50 55.40 61,50 59.60 61,50 59.60 61,50 61.5¢ 59,60 s1.50 59.40 61.5¢ 724,50
1964 61,50 57,60 61,50 59,640 65.50 59.60 61,50 61,50 59.60 61.56 59.60 61,50 724,50
1965 61,50 55.69 61,50 59.60 61.50 59.40 61.50 61.50 59.40 61.50 59.60 - 63.50 726,50
1965 £1.50 55,560 61,50 59.60 61.50 59.60 61.50 81,50~ 5%.60 40.90 56,90, 60.90 722.60
1967 61.50 55.60 61,50 59.40 61,50 59.60 | 61.50 61.50 59.60.  §1.50  [59.60 61.50 0 726,50
1968 61-50 57.60 61,50 59,60 61.50 59.60  61.50 61,50 59.60°  41.50 59.60 61,50 . 726.50:
1969 61.50 55.560 61,50 59.690 51.50 59.60 61.50 61,50 59.60 51,50 59460 61.50 724.50
1970 61.50 55,60 61,50 59.60 61,49 59.20 61,50 61,50 59.49 61.40 $9.00. . 61.50 723,30
1971 61.50 55.60 61,50 - 59.60 61-5%0 59.40 61.50 61.50 59,60 61.59 59.60 61.50 724,50
1972 61,50 57,60 61.50 59.60 61450 59,60 61,50 61,50 59,60 81,50 59,60 61.50 726,50
1973 61,50 55.60 61,50 59,60 61.50.  59.80 61,50 61,50 . 59.40°  61.50 59.60 61,50 724,50
1974 61,52 55.60 61,50 59,60 61.50 59.60 61.50 81,50 59,40 41,56 59,80 - - 41.20  724.20
1975 61.50 55.60 61.50 59.40 61.50 59,60 61.50 61,50 59,60 61.50 59.00, . 61.50 723,90
1976 61.50 57.60 61,50 59,60 61.50 59,690 61.50 61.50 59.60 61.50 59.00 .- 61.00 | 725,40
1977 61,50 55,60 61.50 59,60 61.56 59,60 61.50 61.350 59.00 61,00 . 59.40 61.50 723.20
1978 61,50 5560 61,50 59,60 61.56 52.60 61.50 &1.50 59.00 41,00, 59,40 . .61.50 723,40
1979 61,50 55.60 61.50 59.60 £1.50 59.60 61,59 61,50 59,60 °  61.50 59.60 © 61.50 724,50
1980 61.50 57.60 61.5¢ 59.60 61.50 59.30 61,50 £1.50 59.60 . 8§.00 59.00 61,50 725,10
1981 61,50 55.60 61.50 59.60 61.50  59.20 61,10 61.00 59.00 6100 58,90 61,00 - 720.50
1982 60,50 55,10 61,10 59,60 61 .50 59,30 1410 41,00 1 53.00 61.00 59.10. 41.50°. 720,20
1983 61,50 55,40 61.50 59.60 61,50 59,60 61.50 61,50 59.50 41.50 59,60 . 61.50 724,50
1986 - 61.50 57,40 61.50 59.60 61,50 59,60 61.50 61,50 59,60 61.50 . 59.60 61.80  726i50
. 1985 61,50 55.60 61,50 59.60 61.50 59.460 61.50 61.50 5%.40 61.50 59,60 61.50 724,50
1986 61,50 55.60 61.50 59.60 6t.50 59.40 61,50 61,50 59.460 61,50 59,60 41,50, 724.50
1987 61.50 55.60 61.50 59.60 61.50 59.60 61.50 61,56 59.60 51.50 59,60 61,50 ° 724.50

ToTAL 3455.70 3322.80 3725.40 3633,30° 3747.30 3511.60 B708.50 369,90 3563.20 3425.10 3482,30. 3613,60 53365.70

AVERAGE 59.93 54,47 61.07 59,56 81.43  59.21  60.80 60,60  58.41 56,43 55.76 39,24 710,91
MAXTHUM 61.50  57.60 61,50 . 59.60  63.80 59,60 61,50  61.50  59.60 . 81.50  59.60  61.50°  724.50
HMINIHUM 34.20 35.30 50.20 59,20 61-00 46,30 41,90 38.70 35,20 34,90 32,10 32,50 541,70



Table 8-26 Monthly Peak Power of Lower Kihansi Project with Upper Kihansi Project

URIT:  10° kih

EUNTH < UMM > < FEB > < MAR > < APR > < MAY > < JUN » '€ JUL > < AUG > € SEP > < OCT > ¢ KOV > < DEC > <TOTAL>

1927 - 182,72 152,72  151.74 . 152.27  151.66  3151.49  151.35. 151.24  14%.07  104.53 99,59  139.47  1708.08
T i%ge 112.83  t19.04  152.72 152,89 152,06 151,59  151.43 . 151.29 151024 151.2%  151.24  151.45  1748.70
1929 141468 . 105.73% 151,77  152.72 151,63  15i.42 151.26 151.15 -151.07 144,31 91.t7 96.72  1640.62
1930 - 147.B7 114.56 152,72  i1%2,7#  158.05 151.76  154.52 151,34  1%1.21 153.t2  151.63  150.94  17¥B6.83
1931 151,36  152.72 . A%2.72  1SR.v2  152.72 152,72  158.72  AS2.72 152,78  151.34  151.21  151.34  1BR&.7%
1932 152.72  152.72  152.72 1S2.72 1S2z.72 158.7¢ ~ 152.72 152,72  152.72 - 1%1.34  151.28  §51.2&  1828.33
1933 152,72  152.72 . 1%2.72 152,72 152,39  -15t.99 ° 153,73 152,39 151,37 151,24 151.14° 151.06  §824.17
1934 152,72 152,72 . 152.72  152.72 . 152.4s8 152,33  151.8%  151.49  151.52 151.35 151.22 152.72  1826.05
1935 152,72 . 152,72 152,72  152.00 151.82 151,460  151.44 151,30 151.20 136.41  k16.24 152,72  1772.48
1938 152,72 . 152,72  152.72 152,72  152.72 152.72  152.72  152.72  152.72  152.72  154.35 152,72  1831.22
1937 152.72 . 152.72  is2,7e. 152.72  152.72  152.72 [.152.72 152.%g  152.72 . 152.72 151.27 151.16 1829.39
1938 152.72 152.72 151,08 152.28  i151.42 151,27 118.45 102,69 . 97.56 106,35 103.74 9Bi65  1539.42
1939 154,84 © 127,68 151,77 152,72  152.48 152,72  152.72 ° 151.50 151.36 151.22  451.15 151.1%1  1798.43
1940 152,72 152,72  i52.72 152.7z  152.18  151.79  151.56 _151.40  151:2& 151.26 151.13 - 151,42  1822.84
1941 151,44 . 152.72 152,72 - 152.%% 152,72 . 153.7%  .151.56 151.36  153.22 151.14 151.60 451,53 1821.83
1942 ¢ i52.72 152,72 - .152.72 . 152,72 152.72  152.72 1s52.72 152.72 152,72 151,31 15i.20 152,72  1629.é6
1943 152.72 152,72  152.72°  152.18 ~152.72 ~ 151.62  151.42Z  151.25 151.15 151.06 150.98 137.431  1807.9%
1944 113.79 93,63 1P4.66  152.72 152,47 151,75  151.52 151034 151.19  151.09  151.2¢ 152,00  1497.43
L1945 157,72 152.72  152.72 . 152,72  152.72 152.72  152.72  152.13  151.3% 151,20 151,03  151.44  1B26.22
1946 . 152.72 152.72 . 151.29  152.72 152,08  153.66  153.44  151.27 151 14 151,08 ' 151,06  151.00  1820.14
1947 15Z.31  152.72  152.72  152.72 152,72 - 152,12  151.79  151.55  151.37 151.23 151,11  152.72  1825.06
1948 152.72 152,72 152,72 152,35 152,22 15i.78  151.56 151.3%  151.24  §51,14 151.54  151.09  1822.44
1949 145.23 1%2.72 © 151.89 .152.72  151.83 151,54  151.35 15i.20 151.10  151.02 95.05 85.73 1691.17
1950 84.92  1i1.21 152,72 T 152.72  152.72° | 151.81 151.57  151.38  15%.30  151:18  151.07 _150.99  1713,57
1951 151.05 151,55 151,35 152,72 151.9% . 151.49 - £51.35  151.19  151.08 123.11 152,26  151.46  1790.57
1952 152.25 152,72 152,72 152.72° 1s5g.72  152.72 152.72 152.72 152.72 151.32 1S2.72  151.23 . 182%9.24
1953 152.72 . 152.72  151.64 151 B2 152,31  1531.43  155.27 151,13 129.81 93,80 A¥.97  117.71  1664.3Z
1954 315§.B0 131,95 125,14  151.74 153,60 138,77 103.9% 6. 02 90,35 BH.65 82,35 . B1.12  1374.47
1955 93.15 152,431 . 152,72 . 152,72 152,72 . 152,72 152,72  iS2.?2  152.72 151.29 . 151.27 151,12 1768.25
1956 152.72 1s2.72z  15£.72  152.72 152,70 152.72  t52.72 t52.72 151.38 151.23  151.11  151.13  1824.57
1957 152,72 452.72  15%.72 - 1s2.72 152,72  152.72  152.72] 152.72 152,72 1S2.7%  152.72  152.72  1832.5%
1958 152,72  1sz.72 182,72 152,72  152.72  1%2,%2  152.72  152.72  152.72 152.72  152.72 152.72  1832.%9
195¢  152.72  1S2.72 152.72  1S2.72z 152,15 . 151.72 ' 153.63 151,56 151.46 © 151.41  i51.40 151,64  1823.82
1960 151.44 5272  1%52.?& 152.¥z 152,72 452,72  452.72 151,34 151.17 151.18 1%1.31  151.34  1824.11
1961 152,72 152,72 152,72  1S2.72 ~ 152,72 151.35  151.43 351,55  151.21  151.18 151.56  152.28 1824.13
1962 152.72 -, 152,72 152,72  i52.72 ~ 152,72 \%2.72 152,72 152.72 152.72 152.72 152,72 152,72  1832.59
1963 182.72 1s2.vz  is52.72 152,72 152,72  152.72 -152.72 152.72  152.72  1§2.72 152,72 -~ 1§2.72  1832.59
1964 152,72 152.7®  152.72  152.72 . 152.72. is5e.72 152,72 i52.7¢  152.72 i52.72 152,72  152.72  1832.5%
1965 152,72 "~ 1s2.72  1s2,72z 152,72 152,72 152.72  152.72 152,72  i52.72 152,72  152.72 152.72  1832.59
1966 152.72 1s2.7g 152,72 152,72  1sg.72 152,72  152.72° 152.72 152.72 151.06 151.04 151.14  1827.68
1967 152.72 152.72 152,72 152,72 .152.72 152.72 152,72 152.72 152.72 152.72 152.7%2 152,72 1832.59
1968 152,72 452,72 152,72 452.72 152.72 152,72 152,72 152.72 1s2.72 452,72  152.72 52,72 1832.59
196% 152,72  152.72- 152,72  15z.32 152,72 1S2.72. 152,72  AS2.72 . 152.72 152.72  152.72 = i52.:72  1832.59
1970 152,72 - 152,72 152,72 152,72 152,38  151.90. 152,72 152.72  152.72  3152.47  151.23 - 152.72  1829.70
197 152,72  152.72 152,72 °~ 152.72  132.72 | 152.72 .1S2.72 152.72 152,72 152.7¢ 152,72 . 152.72 1832.59
1972 152.72 152.72  t52.72  i52.%2 152,72 152,72 152,72  152.7& .152-72 i52.7g 152,72 152.%2  1832.5%
4973 152,72 452.72  182.72  152.72 ¢ iBe.7@ . 1%2.?2 152,72 152,72 152.72  152.72  152.72  152.72 ' 1832,59
1974 152,72 - 152,72 ‘152,72 152.72 ~-is52.72  152.72 152.72 1s%2.7z  152.72 152.72 152,72 151.95  1831.82
1975 152,72 152:72 152,72 - 1S2.¥2 152,72  152.72  .152.72 152.72 152,72 152.72 151.30 ~ 152.72  18331.17
1976 152,72 iS2.72 152,72 .152.72 152.72  i52.72  152.72 ° i5g,72  1Sz.72 1S2.72  15%,33 151.27  1829.76
4977 . 152,72 152,72 152,72 . 152.72 152,72  152.72 . 152.72 152.72 151,40 151.29  152.30 152.72  1829.43
1978 152,72 i%2.72 152,72 352.72 As2.72  152.72  1Se.72  152.72  151.41  15i.25  1s2.72  152.72  1829.82
1979 1s2.72 - 152,72 152,72 152.72  152.,¥% 152,72 152.¥2 1§2.72 152,72 152,72  152.72  152.72  183%.59
198¢, 152,72 152,72 -i52.,72  152.72. AS2.72 - .152.10 - 152,72  i52.72 152.72 15%.33 151,28  152.72 - 1829.15
1981 152,72 452,72 7 152.72 152,72 - 152,53 . 151.80 © 151,55  151.43 151,26 151.28 151,09  15i.41  1823.26
1982 15,20 - £51.,47 151,68 . 152.72 ° 152,72 1§1.95 151.67 15l.44  15i.31  151.40 . 151.53 i52.72 1821.80
1983 1s2.%2 (152,72 . 1%2.7Z 152,%¥2  152:%¥2  152.7%  1%2.72  152.72  352.72  152.72 152,72  152.72  1B32.5%
1984 152,72 -152.72 152,72  152.72 152,72 152,72 152,72 152.72 ~ 152.7& 15272  152.72 152.72  1832.5%
1985 © 182,72 - 152.72. 852,72 152.72 < 152.72 . 152.72 152,72 152.72 152,72 152.72 152,72  152.72  1832.59
1966 152,72 158,72  is2.t2 152.¥2. i5e.72 152,72 152,72 - 15€.72  152.72  152.72  1%2.72  152.72 1832.59
1987 152,72 '152.72 152,72 iS52ivz- 152,72 152,72 152,72 - 152.72 152.72  152.72 t52.72 i52.72 1B832.59

| TOTAL 90746,18 047,71 9249.58 9310.42 9303.28 9256.84 920‘6..1.4 9176.84 9133,94 8997.64 BA876.11 BI69.54 109604.42

AVERAGE 148,79  148.32° 151,63  §52.63 | 152,51 151,75  150.92 . 150.44  149.74 147.50 145,51 . 167.04  1796.79
HMAXIMUM 152,72 152,72 152.72 152,72 152,72 ~ 152.72 152,72 152.72 - 152.72 152.72 152,72 ' 152.72  1832.59
MENTMUM 84,92 93.63  124.66  151.76 161,42  1318.77  103.95 946,02 90.35 86.65 82.38 81.12  1371.47
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Table 8-27 Peak Power Duration of Lower Kihansi Project with Upper Kihansi Project
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Fig. 8-14 Energy Generation of Lower Kihansi Project without Upper Kihans! Project
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Fig. 8-15  Energy Generation of Lower Kihansi Project with Upper Kihansi Project
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Table 8-28 Preliminary Estimation of Construction Cost of

Lower Kihansi Project

Unit ; 133
B Lower Kihansi
F.C L.C. Total
1. Preparatory Wdrk
1-1 Access_ Road 0 19,100 19,100
1-2 Camp Facility & Others 7,700 5,600 13,300
Sub total 7,700 24,700 32,400
2. Compensation 0 2 2
3. Civil Works
3-1 Diversion & Coffef Dam 160 40 200
3-2 Dam & Spillway 7,631 2,169 9,800
3-3 Intake 1,087 313 1,400
3.—4 Headrace Tunnel 2,253 747 3,000
3-5 ‘Penstock Tunnel 7,364 2,836 10,200
3.6 Powerhouse & switchyard | 9,880 2,720 - 12,600
3-7 Tailrace Tunﬁel 1,203 397 1,600
3-8 Tailrace Outlet 390 110 500
Sub Total 29,968 9,332 39,300
4. Hydraulic Eq'uiijmeﬁt 5,760 1,440 7,200
5. Electro-mechanical Equipment 27,700 8,700 36,400
6. T:aﬁsmissibn Line | 11;000 7,900 18,900
T Total Cost (1+243+44546) 82,128 52,074 134,202
8. Eng,.i.neex.:ing & .Adm'_inistx.':étion 7 x 7.5% 8,042 2,911 10,053
9. Physical Contingency 10,096 5,909 17,005
(142+3)x152 +'(4f5%§)gloz N
10. Intéresﬁ dgring[cénstruction 24,680 20,360 - 45,040
il.:Grand Total (7+8+9+10) 124,946 81,354 266,300
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9.1

9.2

9.2.1

Chapter 8. POWER SYSTEM EXPANSION PLAN AND
POWER SYSTEM ANALYSIS

Power Sysiem Expansion Plan

‘The power system expansion plan of the ACRES Report is

presented in Table 9-1. The construction of an additional
220 kv transmiésion line from Kidatu Power Station to
Ubungo Substation is plamned to deal with the increased
power flow in  this section and to improve the supply

‘reliability to Dar Es Salaam. The construction of a new

220 kv line from Singida to Arusha is designed to deal with
the voltage drop and increased power flow of the eastern
power system and to improve the supply reliability in this
area. It is expected that the Grid System will have
sufficient reliability in supplying the power of Kihansi
Power Stations to the load centers with high stability.

" Transmission Line Plan

General

Kihansi Site is located approximately 480 km to the west
of Dar Es Salaam, and the generating capacity is 200 MW
composed of the 153 MW power generated by Lower Kihansi
Power Station and the 47 MW power generated by Upper
Kihansi Power Station. It is not expected that this
amount of power is consumed in the vicinity of the power
station site, and most of the power will be consumed at
Dar Es Salaam Ian.d in the Eastern 132 kV power system. In
‘our study, only the transmission line connecting the
'piower' station site to Iringa Substation. has Dbeen
‘examined, and it was Ia'ss'umed _tHat the power from Iring.a
‘Substation will be transmitted to the load centers by the
Grid System. '



The outline of the transmission line plan is as follows.
a) Receiving Substation: Iringa Substation
b} Transmission Voltage: 220 kv

380 mm’ ACSR (Bison)_single

c) Conductor Size

- conductor

d) Number of Transmission Line Circuits: S
220 kV double circuit (with
Upper Power Station connected

to one circuit by a m-branch)

e) Transmission Line Lengths:

From Lower Power Station to

Upper Power Station : 8 km
From Upper Power Station to
Iringa Substation : 105 km



Table 9-1 Transmission System Developrﬁent Plan

Year ' ~ Systen Additions

119892 KldatumMorogorowDar Es Salaam (new substatlon)
- 300 km, 220 kV, conductor Tern .
Dar Es Salaam (new substation)-Ubungo
~ 10 km, 220 kV, conductor Bluejay
(Tfransformer addition)
D.E.S. (new substation) 220/132/33 kv,
90/90/40 MVA

1953 Pangani FallsmHale
~- 16 km, 132 kV, conductor Wolf

1995 Singida-Arusha S _
- 300 km, 220 ka conductor Bison

1996 -  Lower Kihansi- Irlnga* :
=113 Km, 220 kV conductor Bison

'1999_ . Upper thanSL_connection* .
- 0.4 km, 220 kV, conductor Bison

2002 Masigira-Mufindi
"= 145 km, 220 kV, conductor Bison

2005 Hale -Tanga
- 60 km, 132 kv, conductor Wolf
Rumakall—Mbeya
-.85 km, 220 kV, conductor Bison
Muflndl Irlnga Kldatu _
~'290-km, 220 kV, conductor Bison :
Kidatu-Morogoro—D.E.S. (new substation) .
- 300 km, 220 kv, conductor Bluejay ‘

- Note: % Based on JICA plan .

Source: = 1) Power Sector Development Plan 1985 to 2010,
7 = . TANESCO/ACRES, 1985 :

2)"Rev1ew of 1985 Power Sector Deﬁelopment Plan,
__TANESQOIACRES, 1989



9.22 Receiving Substation

The nearest substation is Iringa Subétation-which is
located in Iringa, about 100 km from Kihansi Site.
Iringa Substation is a main substation of the Grid System
and it hés threé:entrances of 220 kV.tfansmission.lines
which come from Kidatu Power Station, Mtera Power Station
and western part of Tanzania. It is possible to send the
electric power of Kihangi Power Stations stably to the
load centers from Iringa Substation by the Grid SYstém._

There is a space in Ifinga Substation to construct two
entrances from Kihansi Power Stations. " As_ the
transmission lines from Kihansi Power Stations will cross
over the existing 220 kV transmission line from the
western paft of Tanzania, just before ixinga Substation,
it will be necessary to move the existing switching

equipment of Iringa Substation.

9.2,3 Transmission Line Route

The following two alternative'routes can be considexed
for the transmission line from Upper Power Station to

Iringa Substation {see Fig. 9-1).

Route A: The transmission line runs from Upper Kihansi
Power Station to the north along the 'éx'isting
road, and direétly goes to Iringa 'S_ubsta:ti'oﬁ. |
(The 1line Jlength £rom Upper Kihans_j. Power
Station to Iringa Substation is 105 km.) |

Route B: The transmission line runs to the west from
Upper Kihansi Power Station and is connected to.
the existing 220 kV transmission line near

Mafinga, to deliver power to Iringa Substation. -



(The line length from  Upper Xihansi Power
Station to Mafinga is 80 km.)

Based on the following analyses, we decided to select
Route A.

a)

b)

While the transmission line can be constructed along
the eXistinq road for Route A, almost one half of the
line has to be built along a region far away from
existing road if Route B is adopted. In constructing
a transmission line, the presence of existing road
for " transmission of materials and equipment
influences the construction cost a great deal. Line
maintenance is also easy when there is an existing

road along the line.

There are some potential hydroelectric sites to the
soﬁthwest of Iringa. When these sites are developed,
a large amount of power will be transmitted through
fhe transmission line between Iringa and Mufindi. It
is desirable to transmit the power of Kihansi Power
Stations directly to Iringa Substation belonging to
the main power grid in order to avoid concentration

of power flow and maintain high reliability of power

supply.

The transmission line route from Lower Power Station
to Upper Power Station first runs on the left bank of

Kihansi River, crosses the river near Upper Power

‘Station to reach Upper Power Station. The connection

to Upper Power Station will be a single. circuit m-
branch, which will be connected on the crossarm of

" the transmission tower just before Upper Power

“Station., - After Lower Power Station is commissioned

and before Upper Power Station is operated, this r-
branch will be short-circuited on the transmission

tower. The diagram of the transmission line from



Lower Power Station to Iringa Substation is

illustrated in Fig. 9-2.



Fig. 91 Power Transmission Line Route
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Fig. 9-2 Diagram of Power Transmission Lines

. 113 km
[Ié‘ijxer b {7—1 _ —— Iringa 8.S.
ansi P.S. _ ‘

l 8 bm ,I_’: 105 km ’ .

Upper
Kihansi P.S.

Transmission Voltage and Number of Transmission Line Circuits

It is more economical, ‘and_the operation of the system is
easier, to select the transmission voltage from the
existing voltage classes. In thj.s_ transmission 'ﬁlari',
132 kv line - does not have sufficient capacity,

_ considering the transmission powér of 200 MW and the

transmission dj,sta'nce of 113 km to Iringa Substation,
therefore, the 220 kV voltage class was selected. '

For the number of transmission line circuits, single
circuit and  double circuits can be  considered. - The
economic comparison of single and double circuits cases

is given in Table 9-2.

Annual power transmission loss was calculated with the

following eguation.

P lossh = P losssPeH . -
P lossh: BAnnual power transmission loss
P loss : Peak power transmission loss
| P: Loss factor, P = Auf2-+'(1 - A)’-f
: Load factor, 0.2 < A £ 0.3
H: 24 x 365 B

The following value was adopted for the caléulation in
Table 9-2. s ]



-

£
A

0.66
0.3

It

From Table 9-2, the construction cost of the single
circuit'transmission line is c¢heaper than that of the
double circuits transmission line. However, as Kihansi
'Powex'Stations-are going to be the major pdwer sonrce of
Tanzania, ouﬁage of this transmission line may cause an
extensive blackout in the Grid System. Therefore, the
double circuit transmission line has been édopted to

assure high reliability.



'§°5 egurs]

z6°1
8 91
ucstg
£11
022

S°d Tsueyly
1988

zy £717
‘S7d I1suEyly
13m07

ZaSeD

uMi/c e 15507 A330um PUE SSOT I9MOJ J0J 380D (T

FA A
G0 1
0°0¢
g'¢
62°0
L
T
T
T
LA |
8°01
UcsTd
€11
0zZe
S d ISUBLHLY
Jaddp
oy GCT - @y §
_ [
= —]
‘§°§ PRV '5'd 1SURYLY
13m0
13585

% 711 :Jej3oed-Tenuuy (I 930N

($ 30 mnuﬂﬂaﬁzv uuou.amnnﬁﬁ 18301

($ 3Jo SUOTITIW) 3500 TENUUY

(4M9) sso ABaauy Tenuuy

- (MR) S$son xamad Read
S9S507 UOTISSTUSURAL

(§ 30 SUOTTITIW) . 3s0)- Tenuuy

($ 3O SUOTITIH) 3ISOD UOT3IONIFSUOD
o : " -8'g mlutay

sueyty Jasddp

SUBYTIY J3MO7

$395 JesD YOIMS
JuawrdTnby uworgess

std T
'8$'d T

{(§ 30 SUOITTIR) 3s0p Tenuuy
($ 30 SUOTTTTH) 150D UOTFINIISUOD
© 20%39NpU0D
(Ud) po3INIZSUOD 2 03 Yiz3uan
(8%} ale3jfon
BUTT UOTSSTWSURIL

1123384 UOTSSTWSURIL

SUBjd UOISSHUSUEL] JO ucsSUEdWod JIWoUsIT  Z-6 SIGR)

10



9.2.5 Electric Power fof Construction Work

There ig not a distribution power line near the proposed
site of Kihansi Power Stations. A power line supplying
the electric power for the construction work will have to
be constructed all the way ffom Iringa Substation.
EXCessiﬁély. advanced = investment is necessary to
substitute this power line by advéncing the éonStrUction
of the main transmission line, and also, it would not be
possible to construct the transmission line in time for
the power plant.éonstrﬁction. Therefore,. it has been
decided not ‘to build a power line for construction work,
but rather instail diesel generator plants to supply the

electric power.

9.3 "PowerSyﬁeniAnﬂyﬁs
9.3.1 Conditioﬁs_and Main Results of Power System Analysis

Power system analysis has been done for the Grid System
of 1997, the commissioning year of Lower Power Station,
‘and 1999, the commissioning year of Upper Power Station.

It was assumed that the Grid System will be developed
‘based on the plan of the ACRES Report given in Table 9-1
and all the pbﬁef'of'the-Grid System is supplied by the
hYdfaulic_powep'stations based on the plan of TANESCO.
The estimated load of the each substation, based on the
demand forecast and the energy consumption by region of
‘the ACRES Report, is given ‘in Table 9-3. The power
factor of the load of the each substation was assumed as
0.85.

The following transformers were assumed to be added in
accordance with the growth of the demand.

9 -.11



Substations Voltage (kV) quacitv { MVA)

Kiyungi 5 132/33 20
Tanga - 132/33 o 20

. The impedance map which was used for the calculation is

given. in Fig. 9-3.

The main results of the power system analysis are as

follows.

a)

The voltage of the Grid System becomes low in the
eastern area and high in the westernfarea ét,peak
time. The voltage of the western area bedomes higher
at off-peak time compared with that of peak time.
Therefore, it is necessary.to'arrénge_;eactiVe.power:
suppliers suitably. The arrangémeht of reactive
power suppliers should be studied in detail according

to the development of the Grid System.

In the case of the fault which Cauées the tfip_of the
transmission line between Iringa Substatian and
Kidatu Power Station, Kihansi and Mtera ' Power
Stations cannot keep_sjnchroniém with Kidatu Power
Station. So it is desirable to.make thé'txapéﬁission
line between Iringa Sﬁbstation and Kidatu Power
Station double circuits. It is also-desirablé to
make the transmission line between Iringa_sﬁbstétion
and Mtera Power Station double ciréuité  for the
reliabiiity of power supply of the Grid system.

9 - 12



Table -3 Load Forecast by Load Centers

Load Centers - Peak Load (MW)
: -~ 1997 1999
Arusha (Njiro)} 32.9 ar.1
Dar es Salaam ©193.1 217.8
{(Ubungo+New Substatlon)
Morogoro: 28.8 32.5
Moshi (Kiyungi) 25.0 28.3
‘Tanga : 31,2 35.2
Dodoma 8.2 3.2
Iringa 23.1 26.0
Mbeya ' 17.8 20.1
Mugsoma. ' . 5.5 6.2
Mwanza ' 24.6 27.8
—Sh1nyanga ; 20.6 23.2
Singida 1.5 1.7
Tabora - 6.1 6.9
Mtoni Coo18.7 21.1
Total 437.0 493.0
Mufindi 25.0 25.0

Note~ Mufindi b01ler contractually only uses secondary
_energy of f peak

g - 13
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9.3.2 Power Flow Calculation

The power flow of peak time in 1997, on condition that
the Grid System is operated in loop, is given in Fig. 9-
4, From Fig. 9-4, it is known that the voltage of the
Grid System becomes low in the eastern area and high in
the western area. 'The reason is that the heavy power
flow from the power stations located in the central area
of Tanzania to the eastern area causes the large voltage
'drop in thé eastern area and,  on the contrary, the
voltage of the western area is high because of the light

power flow of the western power system.

As the measure of this voltage unbalance, it is necessary
- to connect condensers to the Grid System of the eastexn
area and reactors to that of the western area. The
ﬁoltége;of the generators of Kihansi Power Stations is
needed_to'be.kept high bégause of the high voltage of the

- Grid System of the eastern area.

It is de51rable for the securlty of the Grid System to
operate the Grld System in loop but loop operatlon has
some_dlfflculty,_ Therefore, the power flow of the case
that the loop'of the Grid System is sepafated between
'Nglro and Klyungl, ‘where the power fiow of peak time is
the llghtest in the loop, is studled The power flow is
:glven in F;g, 9-5. The_voltage of the western area of
Fig. 9-5 is_higher than that of Fig.

The power - flow of nlght in 1997 when the voltage of the
-fwestern area is supposed to become the hlghest because of

llght loads, is glven in Fig. 9-6.

“In addltlon to the reactlve power suppllers in Table 4-2,
thé, followxng react;ve power suppllers are used in
calculatlon to keep the ‘voltage of the Grid System
approxlmately within $+10% of the rated voltage.

9_-_'15



Case Substations Reactors - Condensers

(MVA) (MVA)
1997 pPeak = ' Ubungo ' -~ 30
New S.8S. 30
Mtoni ' C 10
Kiyungi 5
Mufindi 10
1997 Night Ubungo 40
Dodoma : 10 -
Singida - 20
" Niiro -~ 10
1999 Peak Ubungo : - 20
' New 5.5. 10

Note: The facilities which are duplicated wmth that of
former years are omitted.

From the result of the power flow  calcu1etien, the
voltage of some buses exdeede'tlo%_of the'£3ted voltdge.
As the voltage which is over £10% of the rated voltage
exceeds the range of normal _o?eretion} the above
- mentioned reactive power suppllers are not enough for the
desirable operatlon of the Grid System. It is necessary
to study the voltage of the Grld System Wlth detailed
load distribution in accordance with the development of
the Grid System. It is also necessary' for voltage.
regulation to consider the  operation of thermal
generators'located near the main load centers such as Dar

Es Salaam.

The power flow of peak time in 1999 was also calculated
The result for the case that ‘the transmlsSLOn line
between Kihansi Power Statlons and Iringa Substatlon is
double circuits is glvenzln Flg '9-7 and the case ‘that
this 1ine is single circuit is glven 1n=F1g. 9-8.

9 -~ 16



The voltage drop between Lower Power Station and Iringa
'Substation becomes 1% larger'and_the transmission loss of
this section becomes double for the single circuit case
compared with the double circuits case.

9.3.3  Short Circuit Gapaciiy' Calculation

The short circuit capacities of each.year are given in
Table 9-4. 'The short circuit current is not so large as

to- exceed the breaking c¢apacity of breakers.

9.3.4 Stability Calculation

. The stability of the Grid Syétem_Was studied on condition
of the power flow at peak time in 1997. The swing curves
of the main generators are given in Fig. 9-9 for the case
that the Grid System is in loop operation and in Fig. 9-
10 for the case that it is in separated operatibn. The
fault that one circuit of the transmission line between
Lower Power Station and Iringa Substation was tripped
after a three phase short circuit fault at the_point near
Lower Power Station was assumed for the calculation.
This fault is supposed to have the heaviest influence for
the stability of Lower Power Station. '

The stability on condition of the power flow at peak time
in 1999 was also studied. The swing curves are given in
Fig. 9-11 for the case that the transmission line between
Kihansi Power'StatiOhs and- Iringa Substation is double
CirCuitsiﬁnd_in Fig. 9-12 for the case that the line is
sinélé circuit. - The same fault with 1997 case was
assumed for the double_circuit case and the fault that
one cirCuit'of the transmission line between Kidatu Power
Station and Morégoro Substation'was tripped after a three
phase short circuit fault at the point near Kidatu Power

G - 17



Station was assumed for the calculation of the single
circuit case. The bus voltage of Iringa substation at
the Fig. 9-11 case is given in Fig. 9-13. Judging from
the figures;uihe power swing of the generators in the
Grid System becomes stable within several dyCles of the
power swing after the fault. However, if the
transmission line between Iringa Substation and Kldatu
Power Station is tripped with a fault, Kihansi and Mtera.
Power Stationg cannot keep-synchrohism with Kidatu Power
Station. Considering the role of Kihansi and Mtera Power
Stations for the power supply of the eastern area, it is
desirable to make the transmission line between Iringa
Substation and Kidatu Power Station double 01rcu1ts. It
is also desirable to make the transm1351on line between
Iringa Substation and Mtera Power Station double circuits
for the improvement of the rellablllty of power supply of
the Grid system. ' ‘

9 _18
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Table 9-4 Short Circuilt Capachly

Short circuit ‘Short cireuil
capacity (MVA) current (ki)

1997
Loop Operation Case
Tringa Substation : _ 608 : 1.6
Lower Kihansi Power Station 643 1.7

Separate Operation Case

Iringa Substation 510 1.4
Lower Kihangl Power Station . 563 1.5
1999
Loop COperation Case .
Iringa Substation : 694 1.9
Lower Kihansi Power Station 765 2.1
Upper Kihansi Power Station _ 751 2.0

Note: 1) Xd' is used for the calculation :
2) The short circuit current is the value at the
220 kV buses.
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