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Table 8-16 Optimum Development Plan of Manuel Jorg No.4 Project
Case Unit Deseription ) B Remarks
I Item . S
1. Catchment Area km2 8.32
2. Intake Water Level EL.m 507.00
3. Head Tank Water Level EL.m 503.96
4. Outlet Water Level EL.m 388.4 Minus Zm of F.¥W.L
5, Gross Head m 115.56 He-H.T.W.L-T.¥.L
6. Effective Head i 109.17
7. Power Discharge
Maximum Discharge m3/s 0.310
Peak Firm Discharge m3/s 0.110 Of X 24/12hrs
Firm Discharge m3/s 0.055 0f: 97% Firm{355days)
8. Power Quiput
Maximum Qutput ] 230
Firm Peak Quiput k¥ 73.1
Firm Qutput k¥ 35.9
9. Annual Energy Production Mvh 1,252.6
10, Power structure
Intake Dam (LxH) 11.0x2.0
Headrace Channel (LXB) 1,150%0.57
Slop of Headrace Channel 1/500
Head Tank Storage Capacity ®3 2,400 12hrs x Qf x 3,600sec
Penstock (@ xL) m 0.394%225.6 Maximum v= 2.54m/s
11. Electromechanical Equipment
Type of Turbine Cross flow
Installed Capacity of Turbine k¥ 253
Type of Generator 3-phase synchronous
Tnstalled Capacity of Generator | kVA 290
Transmission Line {kVxkm) knm 30kVx5.5 lIcet
12. Construction Period year 1
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Table 8-19  Econosical Cosparision of Cosbined Atade River Developsent Scheees
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Tolal Efferlive Hesd [} IEAA T 1.t 1M i81. 10 LR $
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o} Beaefii
tess Facioc of Effeclive Culpel 4 i1 L 1 11 it
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Bifeslive Cudpnt 135 WL ENE | LH UL nei
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ih Vilee L35/END IR 0. 06} 0. 083 [N1H 2,06}
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Foiwl Faneal Eezefit {B) [} 516,80 §18, 108 510,092 JIEMR T} 35,400
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Table 8-20 POWER VALUE OF ALTERNATIVE THERMAL POWER PLANT FOR ABADL RIVER

DEVELOPMENT SCHEME
Iiem Unit Description
1. Plant Type Diesel Power Plant
2. Construction Cost
Installed Capacity kw 1,000 kW x 1 unit = 1,000 kW
Annual Plant Factor %o 31%
Service Life year 15
Generator Terminal Energy MWh 1,000 kW x 8,760 his x 0.97 x 0.81 = 7.096 MWh
Auxiliary Power Use % 25
Annual Energy Production MWh 7,096 MWh x (1 - 0.025) = 6,319 MWh
Construction Cost Us$ 980 US$ x 1,000 kW = 980,000 US$
3. Power Value
(A) kW Value
a) Capi[a] Recovery Factor CRF=008(1 +0.08)*1 5-’{ (1 +0.08} A1 5-1}1=0.1 1683
b) Capital Recovery Cos ggg 55?333 t Rg tf 1253% 114,493
. . . R x 0. = s
c) ::)&M a_nd Administration Cost USS 980,000 x 0.03 = 29,400 (Ratio 3%)
d) Total Fixed Cost (b)+c)) 143,893
C) Unit Fixed Cost per kW USHKW 143,893 = 1,000 kW = 143.89
f) kW Value USSAW | 143,80 x 1.0093 = 145.23 (Adjustment factor for kW value «
= 1.0093)
(BY kWh Value
a) Diesel Oil Calorific Value Kcal/kg 10,170, Gas oil
b) Fuel Consumption Rate kg/kWh 0.255 (Specific gravily of Fuel : 0.848)
g ¢) Fuel Cost US$AWh | 0.255 kg/kWh + 0.348 x 0.2065/1 = 0.062
“E d) KWh Value US$HKWh | 0.062 =+ (1-0.025) x 0.97675 = 0.062 (Adjustment factor {or
kWh value f =0.9689%) ]

Adjustment Factor for KW and kWh

Item Loss of kW J Loss of kWh
_ Hydro Thermal Hydro Thermal
Transmission Loss Rate % 0.9 0.1 0.9 0.1
Forced Outage % 0.5 2.0 0.5 -
Auxiliary Power Use % 0.3 2.5 03 2.5
Scheduled Outage Rate % 2.0 - 4.0 -
Total EN 4.6 5.7 2.6

kW Adjustment Factor
kWh Adjustment facter

o= (l—0.009)(]-0.005)(]-0.003}(1—0.02)!{(1-0.001)(1-0.02)(1‘0.025)} = 1.0093
8 =(1-0.009)1-0.005)(1-0.003)(1 -0.04)/{(1-0.001)(1-0.025)}=0.9689
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Chapter 9

GROUND SURVEY
| - AND |
GEOLOGICAL INVESTIGATION



9.2

GRAND SURVEY AND GEOLOGICAL INVESTIGATION
Existing Topographical Maps and Geological Data

The existing topographical maps below related to this mini-hydropower project investigation

were collected:
(D S = 1/75,000 map: entire Sao Tome Island, Isheet (original, prepared 1961)
) S = 1/25,000 map: entire Sao Tome Island, 5 sheets (original, prepared 1958)

{3) S = /10,000 map: Manuel Jorge River Basin, 3 sheets (bluepnint, prepared 1966)
Abade River Basin, 3 sheets (blueprint, prepared 1966)

Regarding 1/10,000 scale maps, they were collected placing emphasis on the Manuel Jorge and

Abade aver basins. Geological data are enumerated in 9.3.2.

Ground Survey

As indicated in 9.1 above, the largest scale of existing topographical maps is 1/10,000, and since
the scale was too small for a feasibility study to be carried out on the Manuel Jorge No. 4 site
based on the results of the studics described in Chapter 8, and since the year of preparation was
old and changes had occurred in structures such as buildings and in roads with subsequent elapse
of time, ground survey is was done for the purpose of prepaning 141,000 scale topographical
maps with which study of the power genecation project and feasibility design can be achieved.

Together with this, cross-sectional surveying was done for studies to avoid damage from floods

to power generalion structures at the intake dam and powerhouse sites.

As a result of field reconnaissance, it was learned that no bench mark (BM) to be the basis for
elevation existed in the vicinity of the project site (although there had been some in the past) and,
therefore, the elevation of the point appearing 1o coincide the most according to the existing
1/10,000 scale topographical map and local topography was taken as the datum point of EL.
390.90 (= EL. 396.50 m + 0.40 m).

And with this as the basis, bench marks at 4 locations were provided in the Manuel Jorge No. 4

project area for ground survey and future implementation of the project.
9-1



Further, since tdangulation points having plane coordinates to indicate plane positions do not
exist in the neighboriood similarly to the case of bench marks, topographical maps with the
coordinate values of points read on /10,000 scale topographical maps, which are considered the

most appropriate to be based on as bench marks are prepared.

For the scope of survey, since there are 5 or 6 waterfalls from 2 m to around 18 m in the vicinity
of the intake site, it was considered that a place of stable topography and geology which
moreover would be economical must be selected from EL. 500 m of this location to around 470
m. The headeace and head tank areas would require an elevation range roughly the same as the
intake site, but especially, in order to make it possible for the head tank to assume a reservoir-like
role, consideration was given so that there would not be insufficiency of its capacity. The area of
the powerhouse and outlet would be related to the topograghies at the head tank and penstock,
and asking into consideration the relationship between power station space and outlet water level
and flood water level, a range long in the upstream-downstream direction from river bed

elevation 410 m to 370 m was selected.
The scope of survey and items and quantities are given in Fig. 9-1 and Table 9-1.

Table 9-1 Quantities Planned in Ground Sunvey

ftermn Unit Quantity  Remark

Benchmark installation Point 4

Topographical surveying (scale 1/1,000) m’ 285,000

Stream cross-sectional surveying (50 m traverse)  Traverse 6 Intake dam site
(3 sites)

Stream cross-sectional surveying (100 n: traverse) Traverse 8 Powerhouse site
(2 sites)

9.3 Geological Investigations

9.3.1

Selection of Investigation Work

Examinations were made of the contents of various geological investigations such as ge0ph)'sica!
prospecting and boring scheduled to be carricd out hereafter based on the results of field
topographical and geological investigations in the First Ficld Survey. As a result, of geophysical

prospecting {refraction method seismic prospecting), 8 traverses, 600 my, and boring, total 70 m,

T



seismic prospecting was called off due to the conditions below, and it was decided to ascertain

the geology of the project site by boring and surface geological exploration.

(1}

{2)

(3)

Geological Conditions

The plan is for intake facilities to be provided downstream or upstream of water falls
located approximately 1 kun west of the Santa Luzia hamlet at the midstream section of
the Manue! Jorge River, with headrace, head tank, penstock, and powerhouse provided

along the left bank.

According to the results of field investigations, there are parting layers of basalt and
agglomerate at the slopes on both banks upstream and downstream of the waterfalls at
the intake dam site, while at the river bed, there are very small distributions of nver

deposits.

Consequently, it is thought unnecessary for underground geological distributions and
geological structures of the projected dam site to be estimated by velocily Layer
classifications which are analysis results of seismic prospecting. Likewise, outerops are
seen along drag roads with regard to the headrace, penstock, and powerhouse sites, and

the necessily for investigations by seismic prospecting is not seen for these sites also.
Land Use at hvestigation Site

Cacao is widely cultivated in the left-bank area in general of the Manuel Jorge River
midstreamn, and there is a possibility of various difficultics being encountered when

selting out seismic prospecting traverses.
Vibration Source in Seismic Prospecting

In most cases, explosives are generally used as the vibration sources in seismic
prospecting, but on investigating the conditions for using explosives at the site, it was
found that explosives are not available in Sao Tome and Principe, and importing would
need to be done. And to use explosives, it may be expected that considerable time would

be consumed in making applications and receiving permits and approvals.



Alternatives would be hanunering and weight dropping, bul vibration energtes would be
small with these methods, and there is a possibility that obtaining the results of

investigation aimed for such as layer thicknesses of deposits will not be achieved.
(4) Investigation Firm

There is no fim is Sao Tome and Principe capable of performing seismic prospecting
{including boring), and it would be necessary to look to Gabon, from which there are
scheduled airplane flights, or other countries. Even then, it would be necessary to bring

in seismic prospecling equipment and specialists from Europe.
9.3.2 Geological Investigation

Literature and geological maps obtained as geological data concerning the mini hydro power

development project survey are as follows:

1) Sao Tome Island Geological Map
Scate: 175000
Year published, publisher unknown

2) Sao Tome Island Land Use Map
Scale:  1/50,000
1974, Sao Tome and Principe National Geographical Institute

3} Sao Tome Istand Soil Map
Scale:  1/50,000

1960, Overseas Survey Comnittee, Foreign Ministry, Portugal

4} Proposal for Hydro Power Resources Development in the Democratic Republic of Sao
Tome and Principe, Civil Engineering and Geology Volume, May 1981 Planning and
Survey Research Institute, GUIDOPROEKT, U.S.SR.

5) Ditto: Drawings

In the present survey, boring investigations were carried out at the midstream stretch of the

Manuel Jorge River as a mini hydro power development site. Boring consisted of 6 driltholes
3-4
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9.4

totaling 90 m, with 2 holes each of 10 1o 20 m drilled at the intake dam, head tank, and
powerhouse sites. In selection of boring investigation locations, since suitable topographicat
maps were nol available, existing 1/10,000 topographical maps were used. Consequently, there
arc places where the boring investigation locations are deviated from the projected locations of

structures.

Details of boring investigation locations and results of investigations are given in Fig. 10-6 --10,
and, regarding these investigation works, geological profiles were prepared based on 1/1,000

scale topographical maps newly made, and these are given as Figs. 10-6 to 10-10.

Execution

Ground survey and geological investigation works were executed by Gabon-based GERI-
LOISON S.A.RL., the contractor, during a period of about 3 months from end-July to mid-
October, 1996. The Contractor had been selected by competitive bids based on the tender

documnents which included technical specifications of the works concemed.
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