3.6.2 'Gﬂéological Investigations

Further geological investigation is necessary to ensure safe and economical design as

s_ummarizcd below and shown in Table 3.6.1.

Ttem _ Quantity Unit Price Amount
- Drilling | 2,260 m F.CEA 152,000 Mill. F.CFA 343.5
- Seismic Prospecting 9.6 km F.CFA 7,610,000 Mill. F.CFA 73.0
- Laboratory Test

for soil - 70 samples L.5. Mill. F.CFA 12.7

for rock 80 samples L.S. Mill. F.CFA 12.7
- In-situ rock test

block shear test 2 numbers F.CFA 6,90,000 Mill. F.CFA 12.2

plate loading test 2 numbers F.CFA 1,520,000 Mill. F.CFA 3.0

hydraulic fracturing test 3 numbers F.CFA 15,200,000 Mill. F.CFA 304
- Test pit 30 numbers F.CFA 50,800 °  Mill. F.CFA 1.5
- Total : Mill. F.CFA 489.0

Like the cost of the further topographic survey, cost estimate of the further geological
investigations comes from the past actual costs. Its update is required for the sound estimate

before the survey work.

3.6.3 Meteo-hydrologic Works

Recomméndation for the_furiher meteo-hydrologic works is detailed in Chapter 8, Appendix
I - Hydrology and Meteorology and summarized below.

(1) Continuous observation of rainfall and other meteorological data including air
temperature, humidity, evaporation and wind

(2) Periodical discharge measurements of the Ntem, Ndjo’o and Biwome rivers following
- the technical specification prepared in this study

(3) Spot discharge measurements in the subdivided channels around the proposed dam site

(4) Continuous reading of staff gauges installed during this study period



(5) Periodical water sampling and storage of suspended load data of the above three
rivers, especially in flood season '
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Table 3.2.2 Mean Annual Runoff of The Ntem

Station : Nyabessan  River : Niem (26,350 km2)

Year _ -~ Mean Annual Runoff .~ Specific
: : ' Discharge
(m3/s) (mm) (10°6m3) _ (m3/s/km?2)
1957 - * 409 489 - 12,898 0.0155
1958 218 261 6,883 0.0083
1959 379 454 11,952 0.0144
1960 452 542 14,290 0.0171
1961 353 423 11,139 0.0134
- 1962 441 528 13,905 0.0167
1963 396 474 12,486 0.0150
1964 447 - 537 14,141 - 0.0170
1965 470 562 14,819 0.0178
1966 . 588 704 18,541 0.0223
1967 468 - 560 14,767 0.0178
1968 437 524 13,814 0.0166 -
1969 461 ‘ 551 - 14,532 0.0175
1970 460 551 14,509 0.0175
1971 318 380 - 10,025 0.0121
1972 337 404 10,642 0.0128
- 1973 341 408 10,750 10.0129
1974 403 483 12,725 . 0.0153
1975 363 435 11,460 0.0138
1976 420 504 - 13,274 0.0159
1977 373 446 11,755  0.0141
1978 365 437 11,505 0.0138
1979 363 435 11,451 0.0138
1980 358 430 11,325 0.0136
1981 376 . 450 11,852 . 0.0143
1982 416 - 498 - 13,134 0.0158
1983 249 298 7,857 0.0095
1984 440 528 13,913 0.0167
1985 490 . 586 15,440 0.0186
1986 328 353 10,358 0.0125
1987 357 427 11,2486 1 0.0135
1988 465 558 14,703 0.0176
Mean 398 476 12,565  0.0151

* Including interpolated data



Table 3.2.3 Runoff Ratio of The Ntem

Basin Nyabessan Ngoazik

C.A. 26,350 km?2 18,100 kin2

Year Runoff  Runoff Rainfall Ratio Runoff Runoff Rainfall = Ratio

(m3/sec) (mm) - (mm) (%) (m3/sec) (mm)  (mm) (%)

1951 . 1,881.0 1,791.0
1952 2.208.0 2,131.0
1953 1,583.0 1,545.0
1954 1,748.0 195.5 340.6 1,687.0 20.2%
1955 1,585.0 2139 3727 1,568.0 23.8%
1956 . : 19210 313.9 5469 18670  293%
1957 409.0 489.5 1,689.0 29.0% 273.5 476.5 1,657.0 28.8%
1958 2183 261.3 1,444.0 18.1% 1437 2504 1,500.0 16.7%
1959 1379.0 453.6 17290 26.2% 260.1 4532 1,790.0 253%
1960 451.9 540.8 16840  321% 319.6 556.8 1,689.0 33.0%
1961 353.2 4221 1,356.0 312% 216.8 1777 14210 26.6%
1962 440.9 5277 1,668.0 31.6% 288.8 503.2 1,567.0 32.1%
1963 395.9 473.8 1,775.0 26.7% 303.5 528.8 1,783.0 297%
1964 . 4472 535.2 1,541.0 34.7% 292.9 510.3 14190 36.0%
1965 469.9 562.4 1,584.0 35.5% 305.5 5323 1,528.0 34.8%
- 1966 5879 7036 2,087.0 - 33.7% 3960 - 690.0 2,088.0 33.0%
1967 468.3 560.5 - 1,890.0 29.7% 279.2 486.5 1,805.0 27.0%
1968 436.9 5229 1,790.0 29.2% 3124 5443 1642.0 33.1%
1969 460.8 551.5 1,870.0 29.5% 327.1 569.9 1,815.0 314%
1970 460.1 §50.7 2,011.0 27.4% 295.5 514.9 1,943.0 26.5%:
1971 317.9 380.5 1,700.0 22.4% 203.7 354.9 1,702.0 20.9%
1972 336.5 4027 1,781.0 22.6% 217.4 3788 . 1,756.0 21.6%
1973 340.9 408.0 1751.0 23.3% 209.2 364.5 1,744.0 20.9%

1974 403.5 482.9 1,827.0 26:4% 236.9 41238 1,742.0 23.7%
1975 13634 434.9 1721.0 25.3% 222.9 3884. 17710 21.9%
1976 419.8 '502.4 1,899.0 26.5% 2483 4326 1,932.0 22.4%
1977 3728 4462 17120 26.1% 211.3 368.2 1,672.0 22.0%
1978 364.8 436.6 '1,658.0 26.3% 2267 395.0 1,629.0 24.2%
1979 = 363.1 434.6 1,749.0 24.8% 2194 382.3 1,650.0 23.2%
1980 358.1 4286 1,652.0 25.9% 2254 3927 14730 26.1%
1981 375.8 449.8 1,624.0 27.7% 222.3 1873 1,583.0 24.5%
1982 416.5 498.5 17750 28.1% 2485 . 4330 1,707.0 25.4%
1983 249.1 298.1 1,506.0 19.8% 144.1 251.1 14710 17.1%
1984 - 4400 526.6 1,858.0 28.3% 242.2 4220 1,847.0 22.8%
1985 489.6 586.0 19170 . 30.6% 320.9 559.1 19220 29.1%
1986 3284 393.0 1,5550. 253% 1867 3253 1,579.0 20.6%
1987 356.6 426.8 1,644.0 26.0% 216.9 3779 1628.0 23.2%
1988 465.0 556.5 1,824.0 30.5% 2701 - 4706 1772.0 26.6%
1089 - 1,589.0 ' 1,623.0

Sample 32 32 g 32 35 35 39 35
Mean 398.2 476.5 1,738.1 27.5% 2517 4386 1703.6 25.8%
Min. 218.3 261.3 1,356.0 18.1% 1437 2504 1419.0 16.7%
Max. 5879  703.6 2,208.0 355% . 396.0 690.0 2,131.0 16.0%
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Table 3.2.4 Flow Duration Curve of The Ntem

Year : 1957 - 1991

Maximum : 2,111 (m3/s)
Minimum : 15 {m3/s)

Average : 398 (m3/s)
Catchment Area : 26,350 (km2)

Time Runoff Time  Runoff Time Runoff Time Runoff
{%) (m3/s) (%) (m3/s) (%)  {m3/s)  (%}. {m3/s)

1 1439.0 26 532.1 51 285.0 76 -155.6

2 12685 27  517.0 52  276.9 77  151.6
3  1163.5 28 503.8 53 268.7 78 147.7
4 1097.3 29 492.8 54 263.1 79 145.2
5 . 1044.2 30 481.9 55 257.3 80 141.5
6 1003.4 31 - 468.4 56 251.5 81 139.0
7 g967.1 = 32 4551 57 246.0 82 135.4
8 935.0 33 442.1 58 240.4 83 131.8
9 803.4 34 429.2 59 233.1 84 128.4

10 - 872.3 ° 35 419.1 60  228.8 85 125.0
11 839.8 36 406.6 61 222.6 86 121.0 -

12 806.9 37 396.8 62 217.0 © 87 117.2
13 778.4 38 387.5 63 212.4 88 112.9
14 753.9 39 379.9 64 207.5 89  108.8
15 733.2 40 370.5 65  203.1 90 = 104.9
16 712.8 41 361.1 66 . 199.3 91 - 100.6
17 689.5 42 351.9 . 87  194.6 92 95.2
18  669.8 43 343.4 68 189.9 93 89.8
19 650.3 44 336.2 69 183.3 94 86.0
20 631.4 45 3273 .70 178.0 95 80.2
21 609.5 46 320.7 71 174.3 96 74.8
22 591.2 47 312.1 72 169.3 97 68.8
23 576.1 . 48 305.7 73 166.4 98 .  63.2
24 560.6 49 - 299.4 74 161.0 99 52.9
25 544.0 50 291.1 75 158.2 100  15.2
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Table 3.2.5 Flow Duration Curve of The Ndjo'o

Year : 1957 - 1988
Maximum : 54 {m3/s)
Minimum : 1.1 (m3/s)
Average : 11 (m3/s)
Catchment Area : 550 (km2)

Time Runoff Time . Runoff Time Runoff Time Runoff
(%) {m3/s) (%) (m3/s) {%) (m3/s) (%) {m3/s)

1 38.3 26 15.0 51 6.8 76 3.7
2 36.1 27 14.6 52 6.7 77 3.3
3 - 33.6 28 14.1 53 6.5 78 3.3
4 320 29 13.3 54 6.5 79 3.3
5 30.5 30 129 55 6.4 80 3.2
6 - 29.3 31 121 586 6.3 81 3.2
7 28.3 32 11.5 57 6.2 82 2.8
8 27.2 33 10.7 58 6.1 83 2.8
9 26.3 34 10.3 59 6.0 84 2.8
10 . 25.2 35 9.7 60 6.0 85 2.5
11 24.4 36 9.4 61 5.9 86 2.5
12 23.5 37 8.8 62 5.6 87 2.4
13 22.7 38 8.7 63 5.6 88 2.4
14 21.8 39 83 64 5.4 89 2.4
15 21.0 40 8.0 65 5.2 90 2.4
16 203 41 7.9 66 5.1 91 2.1
17 19.7 42 7.8 67 4.8 92 2.1
18 19.0 43 7.7 68 46 93 241
19 18.3 44 7.5 69 4.2 94 2.1
20 17.8 . 45 7.4 70 4.2 95 2.1
21 17.3 46 7.4 71 4.2 96 2.1
22 . 16.6 47 7.2 72 4.1 97 2.1
23 16.2 48 7.1 73 3.7 98 = 2.0
24 15.8 49 6.9 74 3.7 99 2.0

25 15.4 50 6.9 75 3.7 100 - i.1
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Tabie 3.2.6 Flow Duration Curve of The Biwome

Year : 1857 - 1988
Maximum : 122 {m3/s)
Minimum : 2.5 {m3/s)
Average : 25 {m3/s)
Catchment Area : 1,250 (km2)

Time Runoff Time  Runoff Time Runoff Time = Runoff

(%) .~ (m3/s) {%) {m3/s) - (%) (m3/s) (%) {m3/s)

1 87.1 26 34.0 51 15,5 = 76 8.3
2 82.0 27 33.1 52 15.2 77 7.6
3 76.4 28 32.1 53 14.9 78 7.6
4 72.7 29" 30.3 54 14.9 79 7.6
5 69.4 30 29.4 55 146 80 7.4
6 '66.8 31 275 56 14.3 - 81 7.4
7 64.3 32 26.2 57" 14.1 82 ' 6.4
8 61.8 -~ 33 - 244 58 139 °© 83 6.3
9 59.7 34 23.4 59 13.7 84 6.3
10 572 = 35 21.9 60 13.7 85 5.7
11 554 36 21.4 61 13.4 - 86 57
12 53.4 37 20.0 62 12.7 87 55
13 51.5 38 19.7 63 12.7 88 5.4
14 49.7 39 18.8 - 64 12.4° 89 - 5.4
15 47.8 40 18.1 65 11.8 90 5.4
16 46.1 41 17.9 66  11.5 91 4.8
17 44.8 42  17.6 67 10.9 g2 4.8
18 43.1 43 - 174 = 68 10.4 93 4.8
19 41.5 44 17.1 69 9.4 94 4.8
20  40.5 45 16.9° 70 9.4 - 95 - 4.8
21 39.4 46 16.7 71 9.4 96 4.8
22 37.8 47 16.5 72 9.2 97 4.8
23 36.8 . 48 16.2 73 85 = 98 4.5
24 35.9 49 15.8 74 85 99 = 45
25 35.0 50 15.8 .- 75 8.5 100 2.5
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Table 3.2.7 Combined Flow Duration Curve

Year : 19587- 1988

Maximum : 2,194(m3/s)
Minimum : 24 (m3/s)
Average : 436 (m3/s) :
Catchment Area : 28,150 (km?2)

Time . Runoff Time Runoff  Time  Runoff Time Runoff
(%) (m3/s) (%) {m3/s) (%) (m3/s) (%) (m3/s)

1 1556.0 26 572.0 51 311.0 76 170.0
2 1362.0 27 556.0 52 304.0 77 167.0
3 1249.0 28 543.0 53 294.0 78 163.0
4 1186.0 29 531.0 54 287.0 79 160.0
5 1134.0 30 518.0 55 279.0 80 156.0
6 1089.0. 31 507.0 56 273.0 81 152.0

7 1049.0 32 493.0 57 267.0 82 149.0

8 1012.0 33 478.0 58 261.0 83 146.0
9 979.0 34 466.0 59 255.0 84 142.0
10 948.0° 35 453.0 60 248.0 85 138.0
11 912.0 36 443.0 61 242.0 86 135.0
12 878.0 37 433.0 62 237.0 87 131.0
13 844.0 38 424.0 63 231.0 88 126.0
14 . . 81%.0 39 - 415.0 64 226.0 89 i22.0
15 797.0 . 40 405.0 65 221.0 90 119.0
16 770.0 41 394.0 66 216.0 91 114.0
17 745.0 42 384.0 67 211.0 92 108.0
18  .723.0 43 375.0 68 206.0 93 103.0
19 696.0 44 365.0 69 201.0 94 97.1
20 675.0 45 356.0 70 196.0 95 92.4

21 657.0 46 348.0 71 180.0 96 86.9

22 639.0 = 47 340.0 72 186.0 97 80.2

23 623.0 48 332.0 73 182.0 98 72.8

24 604.0 49 325.0 74  177.0 99 66.1

25 588.0 50 318.0 75 174.0 100 23.7
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Table 3.2.8 Flood Records at Nyabessan and Ngoazik

Date : Nyéb-cssan ' Date Ngoazik
( 26,350 km2) - (18,100 km2) |
Peak Flow Specific Discharge Peak Flow Specific Discharge
(m3/S) (m3/S/km2) (m3/S) (m3/Skm2)

Nov. 13,1963 589 0.0325 -
Nov.5,1954 639 00,0353
Nov.11,1955 608 0.0336
| Nov.13, 1956 704 0.0389
Oct, 20,1957 1,387 0.0526 Oct. 17,1957 856 0.0473
Oct. 23,1958 883 0.0335 Oct, 21,1958 601 0.0332
Nov.2,1959 1439 0.0546 Nov.29,1959 875 0.0483
Nov.2,1960 1611 0.0611 Nov.13,1960 957 00529
Nov.2,1961 982 0.0373 Nov. 10,1961 620  0.0343
Jun.3,1962 1,171 0.0444 Oct. 14,1962 647  0.0357
Oct22,1963 1,022 0.0388 Oct. 18,1963 809 0.0447
Nov.9,1964 1,574 00597 . Nov.6,1964 1013 0.0560
Oct. 29,1965 1,361 0.0517 Oct. 27,1965 778 . 0.0430
Nov.8,1966 1404 00533 Jun.25,1966 813 0.0449
Oct. 30,1967 1818 0.0690 Oct. 30,1967 985 0.0544
Nov. 15,1968 1,090 0.0414 May 13, 1968 700 0.0387
Novt.6,1969 1,310 0.0497 Nov.6,1969 793 0.0438
Nov.9,1970 2,111 0.0801 Nov.10,1970 1,299 0.0718
Nov.1,1971 1,220 00463 Oct. 28,1971 1782 0.0432.
Nov.5,1972 1,148 00436 Oct. 24,1972 778 10,0430
Oct. 25,1973 939 0.0356  Nov.5,1973 566 00313
Novt.2,1974 1,101 0.0418 May 10,1974 670 00370
Nov. 17,1975 1,306 0.0496 "~ Nov.19,1975 685 0.0378
Nov.22,1976 1,120 0.0425 - Nov.22,1976 685 0.0378
Nov. 11,1977 1,248 0.0474 C Nov.4,1977 724 0.0400
May 16,1978 1,063 0.0403 May 14, 1978 691 - 0.0382
Oct. 31,1979 1,240 0.0471 0ct. 29,1979 722 00399
Nov. 14,1980 1,099 00417 . Oct13,1980 755 0.0417
Nov. 11,1981 1,165 00442  OctL21,1981 643 0.0355
NOv.4,1982 1639 00622 Nov.4,1982 1,002 0.0554
Nov.13,1983 924 00351 . Nov.13,1983 571 0.0315
Oct. 13,1984 1,054 0.0400 Oct.9, 1984 . 644 0.0356
Nov.2,1985 1,632 0.0619 Oct. 30,1985 1,002 0.0554
0c1. 29,1986 1,204 0.0457  0c1.27,1986 745 0.0412
Oct. 22,1987 1431 0.0543 Oct. 19,1987 789 0.0436
Nov.6,1988 1754 0.0666 © Nov.5,1988 1,036 0.0572
Nov.18,1990 1217 __0.0462 Nov. 19,1990 811 0.0448
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Table 3.2.9 RECORDED MAXIMUM FLOOD AT NYABESSAN

~ Time Runoff Time Runoff Time Runoff Time Runoff

(day) (m3/s) (day) (m3/s) (day) {(m3/s) (day) (m3/s)
1 94 32 613 63 1,556 94 657
2 92 . 33 644 64 1,653 95 . 591
3 119 34 683 65 1,788 96 547
4 189 .35 720 66 1,903 97 504
5 267 36 - 740 67 2,010 g8 482
6 248 . 37 807 68 2,079 99 445
7 259 38 875 69 2,089 100 414
8 265 39 953 70 2,111 101 390
9 295 40 928 71 2,073 102 364
10 350 41 914 72 2,016 103 343
11 373 42 886 73 2,010 104 323
12 359 43 896 74 1,959 105 308
13 359 44 883 75 1,852 106 299
14 347 45 883 76 1,754 107 299
15 343 46 879 77 1,653 108 295
16 347 47 946 78 1,570 109 285
17 347 48 974 79 1,474 - 110 267
18 352 49 989 80 1,378 111 263
19 345 50 1,059 81 1,314 112 263
20 378 5t 1,120 82 1,220 113 248
21 390 - 52 1,195 83 1,171 114 255
22 437 - 53 1,310 84 1,037 115 273
23 485 54 1,302 85 974 116 291
24 482 55 1,327 86 967 117 308
25 504 56 1,361 87 953 118 308
26 521 57 1,327 88 949 119 321
27 544 58 1,310 89 953 120 334
28 585 59 1,365 90 931 121 338 -
29 591 60 1,374 91 862 122 352
30 610 61 1,327 g2 793

31 622 62 1,452 93 723
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Table 3.2.10(1) HYDROGRAPH OF PROBABLE FLOOD AT NYABESSAN(10-year)

Time ﬁunoff: Time Runoff - . Time .Runoff Time Runoff
(day) (m3/¢).- (day) {(m3/s) (day) {m3/s} (day) . (m3/s)

1 77 32 489 . 63 1,268 94 535 -
2 75 33 525 64 1,347 95 482
3 97 34 557 65 - 1,457 96 445
4 154 35 586 66 1,551 a7 411
5 218 36 603 - 67 1,638 98 393
6 202 37 658 68 1,694 99 362
7 211 - 38 713 68 1,703 100 338
8 216 39 776 70 1,720 .101 317
9 241 40 756 71 1,690 102 296
10 285 41 745 72 1,643 . 103 279
11 304 42 722 73 1,638 104 263
12 202 43 731 74 1,596 105 251
13 292 44 719 75 1,510 106 244
14 283 45 719 76 1,429 107 244
15 279 46 717 77 1,347 108 241
16 - 283 47 771 .78 1,279 109 - 232
17 283 48 794 79 1,202 110 218
i8 287 49~ 806 - 80 1,123 i1t 214
9 . 281 50 863 - 81 1,071 112 214
20 308 51 913 .. 82 . 994 113 202
21, 317 52 974 -~ 83 955 i14 208 -
22 358 53 1,068 = 84 845 115 222
23 395 54 1,081 - 85 784 116 - 237
24 393 55 1,081 = 86 788 117 251
25 411 56 1,109 . 87 776 - 118 251
26 424 57 1,081 . 88 774 . 19 261
27 443 58 1,068 89 775 .-120 272
28 477 56 1,113 90 759 - 121 278
29 482 60 1,120 - 91 703 122 287
30 497 61 1,081 92 646
31 507 62 1,184 93 589




Table 3.2.10(2) HYDROGRAPH OF PROBABLE FLOOD AT NYABESSAN(20-year)

Time Runoff  Time  Runoff Time _ Runoff  Time  Runoff
(day) (m3/s) (day) (m3/s) (day) (m3/s) (day) (m3/s)

1 85 32 551 63 1,401 94 501
2 82 - 33 580 64 1,488 95 532
3 107 34 615 65 1,810 96 - 492
4 171 35 648 66 1,713 97 454
5 240 36 666 67 1,810 98 434
6 223 37 727 68 1,871 99 - 400
7 233 38 788 69 1,881 100 373
8 239 39 858 70 1,900 101 351
9 268 40 835 71 1,887 102 327
10 315 41 823 72 1.815 103. 309
11 336 42 798 73 1,810 104 291
12 - 323 43 807 74 1,763 105 277
13 323 44 795 75 1,668 106 270
14 313 45 795 76 1,578 107 270
15 309 48 792 77 1,488 108 2686
16 313 47 851 78 1,413 109 257
17 313 48 877 79 1,327 - 110 240
18 . 317 49 890 80 1,241 111 237
19 © 311 50 954 81 1,183 112 247
20 - 340 ‘51 1,009 82 1,098 113 223
21 351 52 1,076 83 1,055 114 230
22 393 53 1,179 84 933 115 246
23 436 54 1,172 85 877 116 262
24 434 55 1,195 86 871 117 277
25 454 56 1,225 87 858 118 277
26 469 57 1,195 88 855 119 289
27 489 58 1,179 89 858 120 - 301
28 527 59 1,229 g0 839 121 - 306
29 532 60 1,237 91 7786 122 317
30 549 81 1,195 92 714

31 560 62 1,307 93 651
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Table 3.2.10(3) HYDROGRAPH OF PROBABLE FLOOD AT NYABESSAN(100-year)

Time Runoff Time Runoff Timé Runoff Time Runoff
(day) (m3/s)° (day)  (m3/s) (day) (m3/s) (day) {(m3/s)

1 103 32 - 668 63 1,605 84 716
2 100 33 702 64 1,802 95 644
3 129 34 744 65 1,949 96 596
4 208 35 784 66 2,074 97 . 549
5 201 - 36 807 67 2,91 98 525
6 270 37 879 68 2,265 99 485
7 282 38 954 89 2,277 100 451
8 289 39 1,038 70 2,300 101 424
9 322 40 1,011 71 - 2,259 102 396
10 381 41 996 - 72 2,197 103 374
11 408 42 9686 73 . 2,191 104 352 .
12 391 43 977 74 2,135 105 336
13 391 . 44 - 962 75 2,019 106 326
14 379 45 962 76 1,911 107 326
15 374~ 46 958 77 1,802 108 322
16 379 47 1,031 78 1,710 109 311
17 379 48 - 1,082 79 1,807 - 110 291
18 383 - 49 1,078 80 1,502 111 287
19 376 50 1,154 81 1,432 112 287
20 411 51" 1,229 82 1,329 113 270
21 424 52 1,303 83 1,277 114 278
22 . 476 53 1,428 84 1,130 115 © 298
23 528 54 1,419 85 1,062 116 317
24 528 55 1,446 86 1,054 117 336
25 549 56 1,483 87 1,038 118 336
26 567 57 1,446 88 - 1,034 119 34¢
27 583 58 1,428 89 1,038 120 364
28 638 59 1,488 90 1,015 121 369
29 644 60 1,497 91 939 122 383
30 664 61 1,448 92 864

31 678 62 1,583 93 788
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Table 3.2.10(4) HYDROGRAPH OF PROBABLE FLOOD AT NYABESSAN(200-year)

Time = Runoff - Time  Runoff Time  Runoff Time  Runoff
(day) (m8/s) (day). (m3/s}) ~(day}) (m3/s) (day) {m3/s)

1111 32 - 720 83 1828 94 772
2 108 = 83 757 84 1943 95 695
3 139 34 802 - - 85 2101 96 642
4 - 223 35 848 - 66 2238 = 97 502
5 314 36 870 87 2362 98 566
6 201 37 948 68 2442 99 523
7 305 - 38 1028 69 2455 100 487
8 311 39 1119 70 2480 101 458
9 347 40 1090 71 2436 102 427
10 411 41 1074 72 2388 103 403
i1 .. 438 42 1041 - 73 2362 104 379
12 422 43 1053 74 2301 105 ag2
13 422 44 1037 75 2177 106 352
14 408 45. 1037 76 2061 107 352
i5 403 48 1033 77 1943 108 347
16 408 47 1111 78 1844 109 335
17 408 - 48 1145 79 1732 i10 314
18 - 413 49 1182 80 1619 111 309
19 405 50 1245 . 81 1544 112 309
20 444 51 1316 82 1433 = 113 291
2t 458 52 1404 83 1376 114 300
22 513 53 1539 84 1218 115 . 321
23 569 54 1529 85 1145 116 342
24 566 556 1559 86 1136 117 362
25 592 56 . 1599 87 1119 118 362
26 612 - 57 1559 88 1115 119 377
27 639 58 1539 89 1119 120 392
28 687 59 1604 90 1094 121 398
28 695 60 1614 91 1013 122 413
30 716 81 1559 92 931

31 731 82 1708 93 850

3-43



“Table 3.2.10(5) HYDROGRAPH OF PROBABLE FLOOD AT NYABESSAN(1000-year)

Time Runoff  Time  Runoff Time  Runoff _ Time  Runoif
(day) (m8/s) _ (day) (m3/s)  (day)  (m3/s) - (day) (m3/s)

1 129 32 836 63 2,123 94 = 896
2 125 33 879 64 2,258 895 807
3 162 34 - 932 85 2,440 96 - 746
4 258 35 982 66 2,596 97 687
5 364 36 1,010 67 2,743 98 858
6 338 37 1,101 68 2,836 - 09 - 607
7 354 38 1,194 69 2,851 100 565
8 362 39 1,300 70 2,880 ° 101 532
9 403 - 40 1,266 71 2,829 102 496
10 477 41 1,247 72 2,750 103 468
11 509 42 1,209 73 2,743 104 441
12 490 43 1,223 74 2,673 105 420
13 . 490 44 1,204 75 - 2,528 106 409
14 474 45 1,204 76 - 2,303 107 409
15 468 46 1,200 77 2,258 108 - 403
18 474 - 47 . 1,290 78 2,142 109 389
17 474 48 1,330 79 2,012 110 364
18 480 49 1,349 80 1,881 111 359
19 471 50 1,446 - 81 .1,794 112 359
20 515 51 1,528 . 82 1,664 113 . -338
21 532 . 52 1,631 83 1,598 114 348
22 506 53 1,788 84 1,415 115 373
23 . 661 54 1,776 . 85 1,330 116 - 397
24 658 55 - 1,811 86 1,320 117 420
25 687 56 1,857 87 1,300 118 420
26 711 57 1,811 88 1,295 119 438
27 742 - 58 1,788 89 1,300 120 - 458
28 798 50 1,863 90 . 1,271 121 462
29 807 60 1,875 81 1,176 122 480
30 832 61 - 1,811 92 1,082
31 848 - 62 1,982 93 987
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Table 3.2.10{(6) HYDROGRAPH OF PROBABLE FLOOD AT NYABESSAN(10000-year)

Time Runoff Time ~ Runoff Time  Runoff Time  Runoff

(day) {m3/s) (day) (m3/s) (day) (m3/s) (day) (m3/s)

1 154 az 1,001 63 2,543 94 1,074
2 150 33 1,053 64 2,703 95 967
3 194 34 1,118 65 2,923 96 894
4 310 35 1,176 66 3,110 97 824
5 436 36 1,210 67 3,286 98 788
6 = 405 37 1,319 - 68 3,398 98 727
7 424 38 1,431 " 89 3,415 100 677
8 433 39 1,557 70 3,450 101 637
g 483 © 40 1,517 71 3,389 102 594
i0 872 41 1,494 72 3,205 103 560
11 609 42 1,448 73 3,286 104 528
12 587 43 1,465 74 3,202 105 503
13 587 44 1,443 75 3,028 106 489
14 568 45 1,443 76 2,867 107 489
15 560 46 1,437 77 2,703 108 483
16 568 47 1,546 . 78 2,566 109 466
17 568 48 1,593 79 2,410 110 4386
18 575 49 1,616 80 2,253 111 430
19 564 50 1,732 81 2,149 112 . 430
20 617 51 1,831 82 1,993 113 405
21 837 52 1,954 83 1,915 114 417,
22 714 53 2,142 84 1,695 115 4486
23 792 . 54 2,128 85 1,503 116 476
‘24 788 55 2,169 86 1,581 117 503
25 824 56 2,225 87 1,557 118 503
26 851 57 2,169 88 1,552 119 524
27 889 58 2,142 89 1,557 i20 546
28 956 59 2,232 90 1,523 121 553
29 966 80 2,246 81 1,409 122 575
30 998 61 2,169 g2 1,296

31 1,017 62 2,374 93 1,182
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Table 3.4.1 Construction Materiais
3] Alternative Darmsite and Dam Type

Alternative Damsite 1,2,3,4,5: Zoned Eaﬂhﬁil Dam
(Earthfill, Filter, Drain, Rock and Random zone)

2) Dam Type and Soutce of Construction Material

Damsite, Borrow nos of - Filter Sand /
| Impervious core Rock fill
1. - El,E7,E8 S1, S2/R1, R3
2. E2, E3, E6, E7 ©'S1, S2/R1, R3
3. E2, E3, E6, E7 $1, S2/R1, R3
4, E2, E3, E6, E7 'S1, S2/R1, R3
5. * E4, ES, E6 ~ S1,S2/R1,R4’
6. S1, S2/R1, R2

Table 3.4.2 Design Parameters of Embankment Materials (for
Preliminary Design)

Tiem - ‘Barthfill Zone  Filter Zone  Rockiill Zone (Riprap)

 Specitic Gravity (Gs) 2.68 2.7 2.7
Dry Density (rd t/m3) 1T 2.0 2.7%
Void Ratio (¢) - 0.56 0.5 | 0.01
Wet Density (1t t/m3) 2.02 ' 2.3% _ 2.7
Water Content (W %) 20.8# 10* : 5%
Effective Cohesion (C' t/m3) 0.5% L o O*
Effective phi (p) - 21 : 26% O 40*
Coefficient of Permeability ' : '

(K cm/sec)* | 1x10-6 1x10-2 free-draining
Seismic coefficient (G) -~=---------- k=001 (fdr 100 y_eais) _

Note *: the figures are inferred from the relationship between the other available data, or
derived from empirical way. ' :

#: the figure is the same figure of the optimum moisture content obtained by
compaction test.
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Materials

- Earth fill

River sand

Quarry Rock

El

E2
E3
E4

ES

E6
CE7

ES

S1

S2

Rl

R2

R3

R4

Tabie 3.4.3 Material GQuantities

- Estimated Volume
{cubic meters)

>450,000
>300,000
>750,000
>360,000

>682,500
>900,000
>562,500

>300,000

200,000

some 10,0600
(Unknown)

1,440,000
720,000

3,000,000
(Assumed)

Unknown

Location

600m upstream of Village boat station. Rigilt bank top

- of alternative dam axis 1. Checked by TP9to TP 12,

BD 16 and BQ 17.

Right bank top of alternative dam axis 3. Checked by
TP 14,

Right b_ank_'t'op of alternative dam axis 4. Checked by
TP 3, SD4(2) and BD 1,

Right bank top of the Ntem river between Njoo and

- Biwome rivers. Checked by TP 2.

Left bank of alternative dam axes. Checked by SW 2.
Left bank of alternative dam axes. Checked by TP 7.

Left bank of alternative dam axis 1 and 2. Checked by
TP 5 and 6.

Left bank of aliemative dam axis 1. 400m NW of
Aloum 1 village. ’

600m upstream of Village boat station. Immediately
downstream of alternative dam axis 1. Submerging at
rainy season. '

Along the river course of Ntem river (upstream). Not
available in rainy season (submerging).

Steep ridge along the waterway route between
Pondage site and Reservoir area. Top soil is within a
few meters. Checked by BW 11.

Terrace along Gorge Du Ntem. Rock will come from
the excavation of P/H and tail race waterway.
Checked by BQ 13 and BQ 14.

4km ESE of waterway and 4km SSE of dam sites.
Future survey is needed (no data is available).

8 to 10km WNW .of alternative dam axis 5.

Downstream right bank of Ntem river, Ebungu. Rock
exposed.



V4D 4 volu
)8 PUMOTE fB pojELilSe pue JUSUIS]Ias3T
10 1901 et Iojesld st oImnoude

PUe Splre] porgAn[nd ) 10} 1500
ponestaduros auf V4D d WO &L

6

ouResey

Te POIRWUTISS ST JUSIUSNISSAI JO 1500 sy, | Auc ere percojfe sasnoy Jo SISQUUNN X
~uaurdojsoaap 10efoid =11 4q paiasie :
5q 01 2IMENNSEI olftoads O ST 21Ny 3 2IMIONOSBIU] FUTISTXS U0 1093JF °
“a8BI1I8Y ¥8mLey [emm TUSWORALY
I[N PUR [EILOISY apIl] sessessod | pure [eouoIsTy M U0 Aowy JTUWOUOHI-0100%
afoid 2 01 95010 SUOZ SOUSTYUT SUT, X AN JO UORINNSUOD JO 199]17 °
"ApOG Wep SR 107 PAPIACIG 3 . . .
1114 _SSTUIIOL] 19N ISATT ‘SIOULIAGEM] . ‘uoneIaual :
“m0[] UonesusduIos & S8 post aq e Izmod I0] I03eM JO UCISIBATD
. 008/GUIZY. WO pue 0,0[pN o1 1r0q § - 01 anp [[BLIS W03 S[Te] Y2
40t Tendod 30U ST Base SHpR 30 9a8reyostp ofe1oar 2Uf, "SI 913 |, Uinomp Zuissed o¥myosp s 1oy
IO WSLMO} R 08 “I0od Ore SURSl | SAWSY PUE 115 USRSy UasIoq AL | pozopisuoes s11y -uits wep pesodoxd
uonEodsiell 9 puE BomR Jlowal [ welN ol iw Summof ‘suomig pwe 1 wwensumop 1snf 1s™o weg 3o
A334 9U) T8 PRTROOT ST A0S U2 SYL | ©,0{pN 9 ‘sAIIEINQLR oA are B1Y Y, fYSIaY v Supavy S[TE3ISNEMm [T AU adeaspure] U0 19057Y
-noazasal 91 Fuipunodun olojeq
siep Auent xo] Ajrendas xe 21y w
syous ung pue sumip Juneaq Mo ALRD
‘01 PepUALIUIOsST ST 1 ‘SPURIST [TRIIS 1
| pereiost Suaq pue Fummorp wox eare
IIOAIDSSI 913 WL spewTuR a1 19a103d o,
’ ‘speol Furpney Fuuresis
pue Surmede JoJ siannopoom
msead Wwie sivenuos Buravly (7
-simyopdxa 19103 O3 BaIe
FIOAISSOI 910 UT S35 S{qeIayIRL :
0. Bumno/8uiey Jo uouwsce (I ‘3utpunoiing
. "POATIOU0Y STE SaISTAUT I ©) PAPPLI 24 [[IM BIIE ST TUSUILGIT AT
| Bumoqioy ‘puet YINY 2y uo Julmord | wr FuIAL s[ee pue padisuqns oq emEN
$99R 9[QEIRNIRW Q1) 01 SY "seol | [[ia 359103 eLotenbo Jo wed v wigl
JqeIedreus 3] pue $9on ued pra I00de ST WED It 01 NP 951 ITEp
Aueurore 2. ‘eare pofrowqns 91 Jo | zun{ gT Jo vam UB SRy TONLLLSUOD
wed 281e] Suireys suoz duresms o1p 1y wrep £q Pajeals MOAISSI Y], X ARooos wo 109335 *
TUcAep wdAl J8AU-IO-UNT 9 JO : : - -
astieaeq (sAep ¢ @1 7) posad 110ys v W WEINSUWAIP PUE IOAIHSIL
Ieas TIOATSSI JO MOURINOLY AQ URs(o jurep ap wr (ermreraduy mem Ut
1dax puB pRIRIp 24 TEo WRINSEAOP : ssdueyo TeIUSUNOep Furpuiout)
PUE HOAISPI # UL Aarrend Zjesm o1 ¥ Aqunb mEM Jo HonBIOUSI( uonni[od
. TeaAD
SIesy PRUURIJ $2MSESULIIUNG,) 7P UCHOY sSwaiqo1d 10N §ouoN |ewg |1ofepy SWIN] A

{i) 1I92YD _E.:oE:o._;cm 1'6°E alget

3-52a



quswdojaasp odA] IDATI-JO-UN

1 o ssnesaq s1velod mavodorphy
2210 Yim uosredwics Ul SNOTIAS
10U ST JROUHIONAUS 51 o oedun
191 PISSISSE UG SBY 1 [RUE uy

=osfoxd

o zo7 nmeliodun AI0A ST MOAKSSII
Fmpunodun Iem Jo TONBILY O 90p
wsjqoxd pleay 11 107 FULICILOW S4T

Y} 21033q PeIapISUCD 3 PlACYS
uolygyruA| paads pue ‘Junspim pue

Zuipei £q peacudurr 9 [AM pROI SYL

‘pEOI
Funsiyvs iy Juore SwiAr sIUApPISAY
2P UO J09JJ8 PUR UOHEIIA PUR JSIOU
asnes a juswdinbs pue s
uonongsuso Jo uoneiiodsuen

10} S[omaA Te1n patoadie

“UOTIONISTOD JO TURIBIUSUILLOS BT 11 “IPAMOL] "SIZAPISSL AU UO 106]Je

10U J[I4 UOTISNASUOY AQ UOREBIGIA
PUB 9STOU “331S UOTOUNSUOD 211
punore asnoy aeatid ma] 510510 5V

FUII0NUO [BIUSWITOIIATY 7

pouad uononysuos Jutmp

SIS0

‘poreindez 9TuI B 9

NG A[GEFBust P8Ry 10U [l 183ne
2oRITE) 91 WEONSUAOP UONIPUCD
woy] o1p ‘adAy Imau-Jo-uni Jo st 1efoxd
U SV ISTINO SIBITE] PU7 PUR S
UEP 2} USSMISG SSIMOD IsaLr 3 Juome
_ asnoy s12Ard OU ST 219Y], WED 21 JO
WRSNSUMOP UDMy INOGR 197100 90BN
210 T8 IOAL WMN AR OF Yoeq md

st uonaieuRd Iomod a1 207 posn Iaem

‘uenzndod o1y o aueyzodun

0STe 28 UOTBONE? ifRal] DUY SaINSests
oruadAY Ty "$I1domens [BO] UG
peseq wreidoxd udredums xo109a-nuE
enbope ue aZestaus of 1uEusodun st 2y

- . Yueq
sisoddo ai 1B sade[ia pue afeqa
ussaqeAN USoMIFQ TOLESIURIIIOD

10} POZILN 9qUES PBOl ISII0 WIRp AL,
"30URD 8 AQ 160 DOLITED §T IALL WIS
a3 sso1o o] weawr uotymiodsuen ay]

_ “pozmbal

2q [ (W] e ssaf s ueds) sadpuq
21 30 Juatreceldar pue JUSUD{EQUIZ
AQ paeaste 9q Avur sapug

211 TR9U PEOI JO TYB1oy UCHEULIO] S ],

. .ummh:nm
Aeuustea pUR [eoIpaw Jo Jutod

M31A 310 woxy(sysermosowedLn)
ssawyors Bundsers Jo

§aT]3 951-951 puE BiIR[EW Jo sapaydouw
Waseastp FundasId) BISOOYIUO
UBUIRY JO WIRTMUIIS ‘SIN0aA

[qUIOU JO SOUDISTKD D] SASSISTE
uoteInssam [e01T0[oWoINS U],

Ty

puB BUoASTHaN W1 PUE TF WY
B3U ‘se3pLq oM Je souadauqgns
Aq 3o 105 9q {14 WESSAQBAN Yilm

e Ry Sunsouucs prol sqnd 2

X

TUSWUORAUS 9 WO 10939 "1

mRM
10 $31095UT AQ PISTRY ‘BLIE[EU
SB UDNS SISPASIP JO FIUBLTIN) " G

UONEZI[OR 1978M .
WEIRSUMOP IO U0 1T ° g

- PUSUIUCTRAUY
STUOUODS-0TI0G

UEOUI SLJYEN VO 10911F "

(2) ISIMO9YD |BjUGWIUONAUT  L'§'C O[qeL

3-52b



..uuvﬂoﬁ st w.oEoE Jeq JeUOW AQ 1591 uonoey dre3aidde MENTY (T - »)

*SITOU TP 2WOS UI INO PILLIED A $1591 ANKqeowrad ([ - ) A.EoZv ‘ _

OFC 0¢ 9 - 08 9. §°L oom..m. .06 EI0L
- - - z-» 01 R | 0'1 _ 001 9 aug Aueng)
08 . -0t - T : 0T - 0zZ1 ¥ valy moLog
Z - ) _ o1 _ B PR 081 £ _ ISROYIIMOS

_ weq
gy 9 - SR ¢ ) 01 90 1) 44 8 HE] NIO0ISUd
8% 9 - 0t 0z 0y 0001 oy Lemismm
¥9 g8 - oc 0¢ - 07 029 -0t ) ey ule
() _ _ | 3L A00Y 10§ 1 mosIop ‘_wamsawwoa (ur) SO[oH

W8uaT RI0L | Sid JO 1eqump| Mooy ms-ur  l1sa) 0 Jaquunnhisag, Jo Jaquiny] SIS | (IZUAT 0L | JO raqumn UOTIEDO]
nd 1831 1831, A101BI0QRT . . . (1 - ) SUITHQ
syiopa uonebiseauj |eojfojoen  1°9'f 9jqeL

OBUI"YIO (A ~000D)

53



e

Rl N,

¢ EQUA

7 GUINEA

N
L

Fig.3.21 LOCATION MAP OF THE NTEM RIVER BASIN
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Fig.3.2.6 FLOW RATING CURVE AT NYABESSAN ON THE NTEM RIVER
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</ : Discharge Measurement Point

( August, 1992 )

J -

Aug. 20

Note; Figuresin( ) indicate the
flow distribution ratio at the

furcation point.

SCHEMATIC DIAGRAM OF

Fig.3.2.20(D
FLOW DISTRIBUTION

Ntem Gorge
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5531 7 U/S Power Station
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( October, 1992)

YV : Discharge Measurement Point
£
g
z
Qct. 12
581.4 m¥s
Y Nyabessan Gauging Point
QOci. 12
218.7 rls Oct. 27
(39%) 133.6 ni/s
%
1" SD4 ! Al
Oct. 12 Y
| 2032 s | A2
_{.\/\| (3?/0) -\-“——_____
Ndjo'o ¥ $SD5(3)
{> .
Biwome
Oct. 12 %
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1634 nris
A\
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/’-“‘\\‘//
~

y _
<L/ T Memvé Elé Falls

Note; Figuresin ( ) indicate the
flow d.istr;bu.tlon ratio at the v U/S Power Station
furcation point.

Oct. 12

654.4 /s
(estimated) W7 D/S Power Station

Ntem Gorge

Fig.3.2202)0 SCHEMATIC DIAGRAM OF
FLOW DISTRIBUTION
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Statian - NTEM RIVEA

Period of Record : 1957-19%i%
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Fig.3.2.22(1) FREQUENCY ANALYSIS ON MAXIMUM FLOOD OF THE NTEM
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Station CNTEM RIVER Region : NYABESSAN

period of Record ; 1957-1991%

Fig.3.2.22(2) FREQUENCY ANALYSIS ON MAXIMUM FLOOD OF THE NTEM
Log-Pearson 11T Method
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Station NYEM RIVER Region QAMSITE

Period of Record 1958-1988
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Fig.3.2.25 HYDROGRAPHS OF RECORDED FLOOD AT NYABESSAN ON THE NTEM
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IV POWER MARKET STUDY

- 4.1 QCutline of the Power Sector in Cameroon

Elecn'icify supply in Cmnero_on is undertaken by SONEL under the supervision of the Ministry
of Mines, Water and Energy (MINMEE), as given in Fig. 4.1.1.

The SONEL is the National Company of Electricity in Cameroon which was established in
May, 1974 as a joint-stock company of mixed organization. The Cameroon State Interest of
the Government hold 93% of its capital that reaches 30 F. CFA billion since September, 1985;
the remainder is covered by the Central Economic Cooperation Fund (CFD). '

The SONEL is the sole public service responsible for development of power sources,
generation, transmission and distribution of electric power to the consumers all over the
country. The SONEL are organized by 8 functional directions and 10 electric provinces under
the direction of distribution as of June 1990, as given in Figl. 4.1.2,

As of 1991 the Department of Equipment (Direction Equipment) in SONEL is responsible for
overall management of generation including designing and construction. In the same sense,
Department of Preduction and Transport (Direction Production and '.I‘ra.nsport)' is responsible
for overall management of transmission lines, operation and mainienance of 'cIct:u'icily
generation by diesel generators.” The Department of Distribution (Direction Distribution) and
ten Regional Branches (Provincial Delegation) are responsible for management of the

electricity distribution. The administrative provinces as of 1991 are shown in Fig, 4.1.3.

Now, there are two (2) major networks as the interconnected power transmission system in
Cameroon, i.¢., South Eterconhccﬁon Network (Sanaga system) and North Interconnection
Network {Lagdo system). And isolated demand centers which are far from such transmission
or sub-transmission line networks are supplied by diesel power plants. The present networks

are shown in Figs. 4.1.4t0 4.1.6.

Both the two interconnection networks have thermal units (diesel generators) mainly as
standby capacity, there also exist autonomous diesel units to supply the regions which are yét

to be connected to the networks respectively.

The load dispatching center (LDC) for the South Interconnection Network has been organized
at Mangombe Substation in Edéa, which is responsible for controlling all stations belonging to
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the South Interconnection Network accordingly. On the other hand, Garoua LDC is
responsible in North lnterconnection Network. ' R '

As to operating pattern of these systems, hyd_ropower' plants supply most of the power to meet:
the demand as can be seen from such composition of power sources as mentioned below. In
case of shortage in power supply by the hydro plants or in emergency case, thermal anef

plants (diesel) will be operated as standby.

Operation schedule of each hydro plant is prepared by the Department of Production and
Transportation (Direction Production et Transport), in Head Office based on a yearly forecast
of inflow which will be readjusted occasionally by an actual inflow into a regulating pond or

TESETVOIr,

4.2 Existing and Committed Generating Plants

4.2.1 Exisfing Power Plants

The South Interconnection Network which supplies the power 10 the Provinces of Littoral
(Coast), Center , West, South-west, South and North- wcst, has two (2) major hydro plants;
Edéa (No I, II and 11) and Song Loulou '

When SONEL's operation started in 1974, they t’opk. over the operation of Edéa Hydropower
Station and other thermal power stations which had been operated by energy d' Eléctrique du
Cameroun (ENELCAM), managed and invested by the EIéctricité de France (EDF) and Power
of Cameroon (POWERCAM) as both of organmatlons for power productlon SONEL also
took over the facilities of distribution system which was formerly managed by Elécmcné de
‘Cameroun (EDC). SONEL started their own commercial operanon of the Song-boulou
Hydropower Station from January 1981.

"The North Interconnection Nev_.vork which supplies the power to the Provinces of Adamaoua,
North and Extreme-North, has one (1) major hydro plant; Lagdo, which was completed by
SONEL and commissioned in May 1983

While, a new network is foreseen to be estabhshed in the future in the East Regxon, to which -
the Kadey Hydropower Project has been planned.



Fig. 4.2.1 shows these major hydropower development projects including three upstream
regulating reservoirs (Bamendjin, Mapé and Mbakaon), which aim at firming up power/energy

production at the downstream plants (Edéa and Song Loulou).

The installed capacity of the power plants in Camérooh is= 804 MW as detailed in Table 4.2.1,
and their composition is 90 % in hydro and 10 % in diesel plants, of which the South
Interconnection Network shares 701 MW or 87.2% and the North Interconnection Network
103 MW or 12.8%. '

- Edéa hydropower plants of which 2 units were firstly comunissioned in 1953 and additional

units successively installed up to 1975, are periodically maintained covering all units through

the year at present, mainly for replacement of wearing parts and/or runners. Edéa II power

station generates th:e power mainly. for ALUCAM (bulk consﬁmer)' and Edéa 111 power station
supplements the power for ALUCAM, as the case may demand.

The Song Loulou Hydropower station, located 55 km upstream of the river Sanaga from Edéa,
started the first commercial operation in 1981 as the first stage development. The extension .

work was completed in 1988.
Each network is composed of the following power plants:

(1) South Interconnection Network (Sanaga system)

‘(@ 2 - hydropower plants 650.835 MW  ( 92.8 %)

(b) 14 - diesel power plants 43397 MW ( 6.2 %)
(stand-by) '

(¢) 14 - diesel power plants - 6.739 MW { 1.0 %)
(autonomous) .
Total - 700.971 MW (100 %)

(2) North Interconnection Network (Lagdo system)

(ay 1 -:hydropowcr plant : T72.000 MW ( 69.8 %)
(b) 4 - diesel power plants 23.242 MW  (22.5%)
' (stand-by) | |
(c) 8- diesel power plants  7.910MW (7.7 %)
(autonomous)
Total | 103.152 MW (100 %)



Most of thermal units seem to be well maintained but some of them also seem to be rather
deteriorated due to their life time. As seen in Table 4.2. 1, their guaranteed cépacity averages
only 52 % of standby units and 70 % of autonomous unit:s respectively.  These seem to
suggest that most of them will retire before long and not be expected to make a big role of the
system reserve units other than emergency supply units due to their small unit capacity as

compared to that of hydropower plant.
Diesel plants are being relocated to other remote areas or discommissioned according as

transmission and distribution lines are expanded.

4.2.2 Planned Power Plants
Othe_f than Memvé Elé project, the following schemclé have been planned at the feasibi]ity
sindy level:

(i) South Interconnection Network (Sanaga system)

- N achﬁgal upstream project in Sanaga river (4 X. 66.7 MW) is planned to be connected to the -
network at Oyomabang substation in Yaoundé through 225 kV transmission line. |

- Name of Type Installed caﬁacity Year of Status
project commisgion*
Nachtigal Hydro with I 2% 66.7 MW 199798 F/S done
Upstream Regulating ~  IL-1x66. 7MW 200102
dam I1-1x66.7 MW, . 2002003
Total - o 260.8 MW

(-* Proposed in the feasibility study)

Itis noted that the year of commission has been recommended based on an assumption of

annual power demand increase at 8% 10 7.2%.
-{2) North Interconnection Network (Lagdo system)

~ Bini a Warak project in Vina river (3 x 25 MW) is planned to be connected to the network ét
Ngaoundere through 225 kV transmission line. ' L



Name of Type Installed capacity Year of Status
project ; _ . commission®

Bini a Warak Hydro with 75MW 1995 F/S done
reservoir

(* Proposed in the previous study)
(3) East Network

In East Province, Kadey hydropower plant of which installed capacity is 12.4 MW, has been
planned to construct toward its com'mis:sioning'in 1995/96. And this Power station is to be

connected to the sub-transmission system (30 kV) at Bertoua.

Name of Type Installed capacity Year of Status
project _ _ commission*
Kadey Hydro with 12.4 MW 1995096 D/D done

Run-of-river

(* Scheduled in the previous implementation plan .by SONEL)

-Location of these schemes is sh_dwn in Fig. 4.2.1.

4.3 Existing and Planned Transmission and Distribution Systems

4.3.1 Exisﬁng Sy.stem

As shown in Table_4.3: 1 and Fig. 4.3.1, 16 substations are connected with the South
Interconnection Network (Sanaga systém), excludiﬁg four high tension (HT) consumers (bulk
consumers of ALUCAM, SOCATRAL, CELLUCAM and CIMENCAM). While, 3
substations are connected with the North Interconnection Network (Lagdo system), excluding
~one HT consumer (CICAM), The total capacity of substation transformers is 1,086 MVA
including some distribution transformers in major substations. Fig. 4.3.1 shows one-line

- diagram of the interconnection networks.

. 'The particulars of substation transformers (225, 110 and 90 kV class} are shown in the same

Table and summarized as under:

(@ 225 kV transformers 420 MVA
(b) 110 kV transformers . 40 MVA
© 90 kV transformers 604 MVA

Total | | ~ L064 MVA



Route length of the existing transmission lines as of 1989/1990 is about 1,535 km in total and
their line length corresponds to about 1,647 km-circuit as under:

(@) 225KV transmission line 422 kin ( 480 km-cct)
(b) 110 kV transmission line 50km  { 100 km-cct)
(©  90kV transmission line 1,063 km - (1,067 km-cct)

Total 1,535 km = (1,647 km-cct)

The particulars of the trans_missi_oh lines are shown in Table 4.3.2.

Distribution lines, including sub-transmission lines are summarized as follows:

(2) MT lines (33, 30, 15 & 10kV) 5,182 km
(b) LT bines (220/380 V) 3,880 km
where MT = medium tension, and LT = low tension.
4.3.2 Expansion of Sub_statio.n and Transmission Facilities
The following facilities are to be installed along with the construction of Kadey Hydropower
Project in the East sub-network: | '

(a) Bertoua substation - - 110/30 kV, 20 MVA
(b) 110 kV transmission line ' 100 km (100 km-circuit)

Besides, some expansion of substations and transmission are planned in the South

Interconnection Network as below:

(c¢) Substations _
- Bafoussam 22590 kV 105 MVA

- Makepe . 9030kY 20 MVA
- Kribi o 90/15kV 20 MVA
- Nkolndongo 90/15 kV 2x20 MVA-

Total 185 MVA

- (d) Transmission line (225 kV) _
| - Song Loulou - Bafoussam 195 km (195 kmi-Circuit)

While, the following substations equipment and _lransr‘ni.s‘sio:n linc'are; expanded in the North

Interconnection Network toward commissioning in September, 1992:
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(¢) Substations g -
- Ngaoundere * . 110/15 kv 2x 20 MVA

(f) -Transmission line (110 kV)
- Lagdo -Ngaoundere 238 km (238 km-circuit)
4.3.3 Existing Telecommunication System
In the .sys'tﬁm n_'etwo_rks,' pdwer line carrier télephone s.ystems are used among the stations and

also utilized for data transmission to or receipt from LDC.

Besides, SONEL Head Office uses wireless communication system among remote areas.

- .4,4 FElectric Power Market

4.4.1 Generation in the Country

(H | Energy production by power source

The energy production by power séurce in the whole country are shown in Table 4.41 and

summarized below.
Year Thermal Hydro ‘Total Increase
(GWh) (GWh) {GWh) Rate (%)
19757716 69.2 1,271.8 1,341.1 -
80/81 94.0 1,561.1 1,655.1 4.3
- 85/86 40.3 2,456.6 2,496.9 8.6
901 - 38.3 2,669.4 2,707.7 1.6
Annual ‘
growth rate: -8.6% 5.5% 5.0% (80/81-90/91)

(average for last 10 years)

(2) Energy production for public sector by network

The energy production in categories of Public Sector which is composed of MT consumers

and LT consumers, and HT consumers are shown in Table 4.4.2, and summarized below.



Energy Production for Public Sector.(GWh)

Year South Network  North Network Total  Incréase
(GWh) (GWh)  (GWh)  Rate (%)
1975176 274.6 41,5 316.1 -
80/81 597.7 68.5 666.2 16.1
85/86 1,051.3 125.3  1,176.6 12.0
90/91 1,193.3 1169  1,3102 2.2
Annual ' : _
growth rate: 7.2% 5.5% 7.0% (80/81-90/91)

(average for last 10 years)

(3) * Energy production for HT consumers by networks

"HT consumers are composed of 5 clients, all of which are connected with the South

Interconnection Systern,

(2) ALUCAM producing aluminum materials

-(b) CELLUCAM producing paper pulps

(©) SOCATRAL px."oducing'aluminum and zinc products

{d) CIMENCAM producing_ccmcnt

(e) SONARA refining petroleum (now MT clicnt.as from 1989/90)

Table 4.4.3 shows historical energy consumption of these HT consumers, while no accurate

record of energy production is available. Hence, the latter was estimated as summarized

below.

Energy Produéﬁ_on for HT Consumers (GWh)

Year  South Network Increase
(GWh) Rate (%)
1979/80 793.0 -

30/81 988.9 24.7
82/84 1,397.8 18.9
84/85 1,307.1 -3.3
86/87 1,251.8 2.1
88/89 1,391.1 5.4
9091 1,397.5 0.2




In the North Interconnection Network, one T consumer (CICAM) was connected as from
1989/90 as shown in Table 4.4.3,

4.4.2 Energy Consumption (Sal.es)

(1) FEnergy consumption (sales) by consumers

The energy consumption (sales) by consumers in the whole country are shown in Table 4.4.3

and summarized below.

Year | HT consumers MT consumers LT consumers “Total Increase
(GWh) (GWh) (GwWh) - (GWh) Rate (%)
1975776 9854 1644 1487 1,2085 -

80/81 952.4 302.7 282.2 1,537.3 3.4
85/86 1,296.5_- 472.1 " 478.6 2,247.2 7.9
9091 . 1,381.6 396.5 573.5 - 2,35L.6 0.9

Annual .

growth rate; 3.8% 2.7% 4.3% 4.3% (80/81-80/1)

(average for last 10 years)

where, HT: High tension, MT: Medium tension and, I.T: Low tension.

On the other haﬁd, annual growth rate of MT consumers shows somewhat decrease but it

- seems that this is within an usual fluctuation due to economical tendency.
(2) "Loss of Energy

As seen in Table 4.4.4, loss of energy for all consumers in the whole country, including
station use, loss in transmission lines and distribution lines varies from 3.3 % t0 13.2 % ina

duration of 1975/76 1o 1990/91 and kecps around 12 to 13 % in these 5 years.

Energy losses for LT and MT consumers (Public Sector) are 20.2 % to 22.8 % in the So’ﬁth
Interconnection Network and 5.9 % to 2.9 % in the North Interconnection Network in the last
5 years. This suggeéts that reinforcement of distribution and/or sub-transmission lines in the
South Interconnection Network is desired to reduce the loss.to a proper level, ¢.g., less than
10 t0 12 %.



While, enetgy loss for HT consumers shows decreasing trend from 4.2 % in 1979/80 10 0.9
% in 1990/91, It seems that transmission system network has been reinforced according to

development of the power project.

4.4.3 Electrification

To grasp a share of electrification, number of household is very roughly assumed as 7.6
persons per household, referring to Section 2.2. Whiié, historical .stati.s'tiés of populat.i"on.
which are quoted from different source of data, a;ne used for. this calcul_ation'. Ttis notéd 'that _
region-wise populaﬁbn increases in the. regions of the South Intcrcdnnecﬁon Network and

decreases in that of the North Interconnection Network (Refer to Table 4.4.5).

As shown in Table 4.4.6, share of electrification varies from 8.2 % to 38.3 % among regional
provinces as of 199091 and increases from 18.0 % in 1986/87 t0 19.9 % in 1990/91 in terms
of the country total. As summarized below, electrification in _the South Interconnection

Network is relatively progressing as compared with that in the North Imercbnriecﬁqn

_ Network,
South Network North Network
1986/87  1990/91  1986/87 1990/91 -
1) No. of consumers : 223,995 _ 290,_892 23,774 3{),339'
2) No.ofhouschold 961,922 1315921 418,822 295,092
3) Share of elecirification 23%  21% 57% _ 10.3%

4) -do-in the whole 18.0 % in 1986/87 19.9 % in 1990/91
country _ _ T

This intimates that electrification for rural areas are required extensively in future.

It is noted that if the above assumptioni (nﬁmber- of bersons pe_r_ household and population) is to

be changed or revised, the ratio of electrification will vary accordingly.

4.4.4 Load Patterns for Public Séc_tb_r .

The typical daily load curves for public sector in the South Interconnection Network (Sanaga
system) in 1988/89 shows a night peak pattern and the peaking time ét_arts 18:00 and ends" _
23:00 as illustrated in Fig. 4.4.1. -' |



The daily load factors (for‘publi'c. sector only) are about 75.6 % in working day, 71.5 % in
Saturday and 69.9 % in Sunday-and holiday. Respective peak times are 4.4 hours in working
day, 4.9 hours in Saturday and 5.1 hours in Sunday and holiday.

Load varies not only on a daily basis but also seasonal one. The highest demand usually
occurs in January to March and sometimes in May or June. However, the pattern of the curve

seems to be almost similar thronghout the seasons as can be seen in Figs. 4.4.2 and 4.4.3.

Annual load factors are around 60 % in the South Interconnection Network and 60-65 % in
the North Interconnection Network, respectively, as depicted in Table 4.4.2.

4.4.5 Number of Consumers

(1) LT consurners

LT consumers are composed of low consumer (FC), domestic usage (UD), general domestic
usage (UDG), small industry (FM), public lighting (EP) and services and agents (SA).

According to SONEL, category of FC consumers who use the electricity of less than 5

amperes, exists no more.

The number of consumers in 10 provincial regions are detailed in Table 4.4.7 (1) and

summarized below: -
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1984/85 : - 199091

Provincial No. of No. of ~ Per consumer Percapita

Region Consumers  Consumers consumption consumptlon
5 (kWh) (kWh)
1) -Centre 50,496 .  85,815.(25.4%) 1,735 50.0 .
2) South 5,379 9,738 ( 2.9%) 1,373 29.6
3) East 4,774 6,055 ( 1.8%) 1,176 13.4
4) Littoral 81,214 121,025 (35.8%) 2,387 128.1
5) West 18,984 139,836 (11.8%) 752 20.1
6) South-west 11,326 22,505 ( 6.7%) 1,074 25.6
7) North-west 8,945  20,580( 6.1%) 594 9.0
South Network 181,118  305,554(90.5%) 1,717 525
8) North 6,887  11,819( 3.5%) 1,976 34,7
'9) Far-north 6,361 12,562 ( 3.7%) 1,274 14.6
10) Adamaoua 5,026 7.915 ( 2.3%) 1,201 - - 20.2
North Network 18,274 32,296 ( 9.5%) 1,513 21.8
TOTAL 326,227 337,850 (100%) 1,697 46.8

As seen above the South Interconnection Network as of 1990/91 shams about 90 % of the
total consumers including East region, and the North Interconnection Network shares 10 %.
Among others, Centre and Littoral having urban areas share the major part of all consumers

(61 %). Historical stéﬁsri_cs of the consumers are shown in Table 4.4.7 (1),

Annual per-consumer cons_umplio:i in 1990/91 fanges from 594 kWh in North-west region to
2,387 kWh in Littoral region and averages 1,697 kWh in the whole country, as shown above.

Per capita consumption in 1990/91 is 52.5 kWh in the South Interconnection Network, 21.8
kWh in the North Interconnection Network and 46.8 kWh in the whole country.

(2) MT consumers

MT consumers are composed of small indusiries, etc. which are administrated by the Direcﬁon
of Distribution (DI) of SONEL. Tht: number of consumers in 10 provincial rcglons are
detailed in Table 4.4.7 (2) and summanzed below:
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| 1984/85 ~T1990P1
Provincial No. of No. of ~ Per consumer Per capita

Region Consumers  Consumers consumption consumption
_ (MWh) (kWh)
1) Céntre 140 199.(17.5%) 485.5 _ 32.4
2) South 16 36 ( 3.2%) 289.7 23.1
3) East 12 18 ( 1.6%) 123.3 4.2
4) Littoral 464 561 (49.4%) 360.8 £9.8
5) West 75 100 ( 8.8%) 181.2 12.2
6) South-west 56 67 ( 5.9%) 334.5 23.8
7) North-west 19 31( 2.7%) 106.4 2.4
" South Network 782 1,012 (89.1%) 351.3 35.5
8) North 42 55 ( 4.8%) 496.5 40.6
9) Far-north 25 47( 4.1%) 201.3 8.6
10) Adamaoua 19 22(2.0%) . 190.6 8.9
North Network 86 124 (10.9%) 330.3 18.3
TOTAL _ 868 1,136 (100%) 349.0 324

Similarly to the case of LT consumers, the South Interconnection Network as of 1990/91
shares 89.1 % of the total consumers including East region and the North Interconnection
Network shares 10.9 %. Historical statistics of the consumers by load centers are also shown
in Table 4.4.7 (3) to (4). | |

Annual per-consumer consumption in 1990/91 ranges from 106.4 MWh in North-west region
t0 496.5 MWh in North region and averages 349.0 MWh in the whole couniry, as shown

above.

(3) HT consumers

At present, 5 HT consumers which are com.po‘scd of bulk industrial consumers and
administrated by Direction of Production and Transport (DPT) of SONEL, is outlined in Table
4.4.7(5). Among others, ALUCAM'usuaHy consumes largely the energy produced in the
country, i.., 95.4 % in 1990/91, as shown in the same table. Historical peak power |
recorded for ALUCAM is also shown in the é_amc table.
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Most of HT consumers cxcépf CICAM, are supplied from the Sobth Interconnection Network.

4.4.6 Power Tariff

The energy consumption shown in Table 4.4.3 is indicated by three categories (HT, MT and
LT). And, Table 4.4.8 shows the income of SONEL. by the categories and number of
customers. Table 4.4.9 shows the tariff systcm of SONEL which has been revised in

Scptcmber 1989.
Historical per consutmption revenues are as shown below:

(unit: F. CEA/KWh/Year)

Year | South Network North Network  Whole
. . - Networks

LT MT HT Tod LT MT HT Toal  Totl

1980/81 367 198 27 L7 49.6 256 - 330 126
85/86 416 255 41 169 32 288 - 370 18.6
90/91 6.5 399 52 227 568 363 u7 429 237

Growthrate for ~ 4.4% 7.3% 6.8% 69% 14% 3.6% - 2.7% 6.5%
last 10 years . :

(1980/81-90/91)

As shown above, average power charge in the whole network increases from 12.6 F.
CFA/KWh in 1980/81 to 23.7 F. CFA/KWh in 1990/91 with average growth rate of 6.5 %.
The above Table also indicates that the high tension category consumers are treated quite

favorably in terms of power tariff charged.

Accordiﬁg 10 the available data; the energy consumption by the high tension category
consumers was 1,382 GWh in 199091, and income from 5 HT consumers amounted F. CFA -
7,624 million. Cn thc othcr hand, the ¢ energy consumpnon by the mcdmm and the low tcnsmn '
category consumers was 397 GWh and 574 GWh each and SONEL recelved the power
income as sum of F. 'CFA 15 679 mllhon and F. CF A32, 393 million respecuvcly This .
indicates that average revenue per kWh was F. CFA 5. 52 for HT consumers and F. CFA

49, 50 for MT/LT consumers combined as of 1991 Note that F CFA 49 50/kWh for the MT
and LI’ consumere are used for compuung the pro;ect s benefit in the v1ew of financial

evaluation; see Chapter 8.



4.8 Power Demand Forecast

4.5.1 Introduction

Historical energy production and consumption in the whole country for the period of
1975/1976 to 1990/91, are shown in Tables 4.4.1 through 4.4.3.

As summarized in Tablc 4.4.2, the encrgy produced for the public sector which is composed
of both LT and MT consumers, was recorded at 1310 GWh, of which 1193 GWh or 91 % is
produéed in the South Interconnection Network (Sanaga system) in 1990/91 and the remaining
117 GWh or 9 % in the North Interconnection Network (Lagdo system). - The respective
annual growth rate of cner.gy production in the South Interconnection Network were 2.6 % for
~ the last 5 years and 7.2 % for the last 10 years, While, the same rate of energy production'ih
 the North Interconnection Network were -1.4 % for the last 5 years and 5.5 % for the last 10
years. Such growth rates are relatively low compared with the grdwth in the preceding

period, presumably due to socipeconomic regression effected in the world.

The SONEL has estimated future power demand by wend method in 1989/90, based on actual
annual growth rate for public scctor.as 3.8% in average recorded for the last 3 years (1985/86
- 1988/90) in the South Interconnection Network and 1.6 % in average for the last 4 years
(1984/85 - 1988/90) in the Nort_h Interconnection Network, as shown in Table 4.5.1, While,
SONEL has made another forecast for the public sector by micro method with some due
assumption. The projection by this method is shown in Table 4.5.2.
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