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Sao Tome and Principe

Mini Hydro Power Development Project Siudy Sunmimary

1. Background and Antecedents of Request

The Democeatic Republic of Sac Tome and Principe is an island country located off the west
coast of the African Continent. It is composed of the two islands of Sao Tome and Principe, has
an area of 1,001 km?, and a population of approximately 120,000. Electric power supply in Sao
Tome and Principe is being carried out by the Empresa de Aqua ¢ Electricidade (EMAE). At
present there are three main power stations (Centador Hydro Power Station: 1,920 kW, Gue Gue
Hydro Power Station: 320 kW, Sao Tome Thermal Power Statton: 5,200 kW) on Sao Tone
Island, and the installed generating capacity is approximately 7,440 kW. Electric power demand
is increasing year after year (annual average approximately 6%), bul under the circumstances in
which the finances of the country depend on aid from other countries, increasing electric power
facilitics is not niking any progress at all, and with calls for new contracts demanded by hotels
and others, and together with the capacity of generating facilities which cannot be operated at

present because of trouble, the amount of shortage in supply is close to 5,000 kY.
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The country has marked out encrgy-related undertakings as national projocts, for econonic
development and improvement of the people’s livelihood, and has plans for construction of new
hydroelectric power stations which would make use of the abundant water resources (rivers and
strecams) in the country, which will not require fuel costs, and will be comparatively easy to
operate. With electric power supply short, the Governiment of Japan was requested to carry oul

this development siudy for realization of the power generation project.

JICA carried out a preliminary study in Novermber 1995 (with Tenms of Reference signed on

November 27), and a full-fledged study was started in Febrary 1996.

2, Objectives of Study

This study has the purposes of examining the feasibility from the aspects of engineering,
economics, and environment upon formulating the optimum plan for construction of a small-

scale hydroclectric power station (o assuine power supply to a part of Sao Tome, the capital city

of Sao Tome and Principe, ard to realize technological transfer to the Consultant’s counterpart

on the Sao Tome and Principe side through this study.
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Period and Other Particulars of Full-Alcdged Study

{n Consultant EPDC International Lid.

(2) Overall Contract Period February 1996 - March 1997

(H Field Surveys

Y
2)
3)
4)

26 Feb. "96 - 22 Mar. *96 (Explanation of Inception Report, other)

15 Jul. 796 - 4 Sept. 96 (Explanation of Interim Report, other)

23 Sept. ’96 - 18 Oct. 96 ( Inspection of Site Investigation Resulis, other)
25 Nov.’96 - 7 Dec. "96 (Explanation of Progress Report, other)

3 Feb. '97 - 16 Feb. "97 (Explanation of Draft Final Report, other)
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Conclusions

The Government of the Democratic Republic of Sae Tome and Principe, with the consideration that for

impraving the people’s livelihood and making progress in the direction of econoniic self-sufficiency, it

would be indispensable to elininate the chronic shortage in supply of electric power, has plans for

construction of mini hydro power stations making use of the abundant water resources in the country and

not depending on imported fuel which adversely affects its international balance of payments.

The survey team, based on field investigations aver five different occasions and the results of discussions

with the various Sao Tome and Principe governsnent agencies concerned, has prepared a Mini Hydro

Power Development Project Feasibility Study Report, in which the conclusions are as follows:

§)]

(2)

Six rivers were taken up as streams for mini hydro power development, mini hydro power
schemes were fermulated based on 1/10,000 scale topographical maps and field reconnaissances,
and comparison studics were made. The project sites are all favored with mwuch rainfall, and are
considered to be suitable for mini hydro power developrent from the aspects of both topography
and geology. As a result of studies, il was found that the Manuel Jorge No. 4 and Abade hydro
power sites wore economically superior to other sites. Upon a comprehensive study of power
station scales, degrees of accessibitity required for construction and maintenance, and impacts on
the surrounding environment, it is judged that Manuel Jorge No. 4 should be developed at an

carly date, this project being favored with optimum conditions for a power station of this scale.

The optimum scale of the Manuel Jorge No. 4 Hydro Power Project is for the intake and
discharge water tevels to be at EL. 507 and 388.4 m, respectively, for effective head of 109.17 m
and maximum available discharge of 031 m'/sec to obtain maximum power of 230 kW and
annual energy production of 1,252.6 MWh. The intake dam is to be a Tyrolean type considering
the sand-gravel deposits existing immediately vpstream. The headrace would be an open canal of
a length of approximately 1,200 m and gradient of 1/500. The head tank would be capable of
storing 12 hours of dry-season runoff, while the turbine is to be a cross-flow type. The electric
power gencrated would be sent to Trindade Subsla(ién by a 30 kV transmission linc of
approximately S km. QOperation and maintenance after completion of these facilities can be
adequately performed by Sao Tome and Principe technical personnel based on the technology
gained in expertence with existing hydro power stations. The overall work schedule consisting of
additional investigations for construction, definite design, various procedural matters, and

construction up to completion will require approximately 2 years.
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Al present, existing power generation and transmission facilities on Sac Tome are alinost all
antiquated, repairs ace not being quickly made due to lack of funds, and installed capacity cannat
be fully demonstrated, causing a chronic shortage of electric power. Plans for construction of
new power slations are nolt proceeding as conceived because of difficulty in procuring foreign

currency funds,

"The electric power supply steacture of Sao Tome and Principe is made up approximately 70% by
thenmal, and it is necessary for hydroelectric power stations to be developed regardless of scale;

Manuel Jorge No. 4 Hydro Power Station would respond (o this demand.

The transmission line in this Project would be connected to Trindade Substation, and besides
making it possible for villages in the vicinity of the Project such as Santa Clara and Milagrosa to
be electrified, the sitvaticn at Trindade, the adininistrative center of the Me-Zochi District, which

has been plagued by chronic power outages, can be improved.

The construction cost would be US$4,754 x 10° including preparatory works, civil works,
hydraulic and electro-mechanical equipmeat, and also transmission line construction cost, and
engineering fee. Therefore, the annual capital cost would be 8.174% of the invesiment cost, or
US$388.5 x 10°, and the operation and maintenance cost US$47.5 x 107, a total of US$436 x
[0} In case a dicse] power station is taken as the alternative facility, the annual cost would be
US$79 x 10°. The benefit/cost ratio calculated from this would be 79/436 = 0.18, much lower
than the economic break-even point of 1. However, if grant aid were to be assumed for the entire

construction cost, the benefit/cost ratio would become 1.66 and higher than .

The FIRR is calculated at minus 1.90% for the operation pertod of 35 years, so that the Project is

not viable. However, the Project should be considered sanguinely for the reasons given below.

To elaborate, in view of the foreign trade structure and situation of foreign liabilitics of Sao
Tome and Principe, thermal power generation which is dependent on imported fuel is not suitable
for the country. Through realization of this Project, it will be possible for approximately US$74
x 10* in foreign currency to be saved annually, which corresponds to an amount equal to 1.4% of
the country’s annﬁal exponts and 6.7% of fuel imports, which would be not a small contnibution

in improving the inteinational balance of payments of the country. The foreign liabilities of Sao

“tome and Principe outstanding as of 1995 were in excess of 300 million U.S. dollars, and the

situation is that any further increase in the liabilities is iinposstble.



LS

!'5:';:

{6)

)

Al present, imports of Sac Tonk and Principe are approximately 5 tines greater than exports,
with food imports alone exceeding total exports.  Accordingly, achieving self-sufficiency in
foodstuffs is a matter of paramount concem, and for this purpose, eliminating the shortage in
clectric power supply is urgently needed to promole the weak processing and storing facilities of

agricultural and marine producls.

This project site and its surrounding arca comprise a comparatively well-balanced environment
as a resull of long years of agricultural activitics. This Project is of extremely small scale and

will have hardly any tmpact in the present state of the natural environment.

The cost required for operation and maintenance after completion of this Project can be met
within the range of electric power sales revenue, and at the same time that a considerable effect as
mentioned above can be looked forward to, there will be a contribution to improvement of the
people’s livelihood over a broad scope, and the significance of implementing this Project is

Judged will be great.

Taking the above into consideration comprehensively, implementation of this Project is of
exceeding significance, and it is thought appropriate for the necessary preparatory works to be

done in continuation to the present study.
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Sclection of Mini Hydro Power Devdopment Project

Selection of the steeam for the mini hydro power development project was done considering

precipitation, topography, and econormics based on 1/10,000-scale topographical maps, and

keeping in mind the hydro power master plans formulated by the US.S.R. and the French

Electricity Directorate in 1981 and 1993, respectively.

The project sile to be selected was to have a catchment area of approximately 10 km” and head of

approximately 40 m or more, and from the north, the six rivers of Do Quro, Manuel Jorge,

Abade, Cantador, o Grande, and Lemba were taken up.

Beonomic comparisons of the varions projects were made using indices with the product of

catchment area, total head, and average rainfall in catchment taken as the numerator and the

product of waterway lengih and average waterway excavated cross-sectional area as the

denominator.  As a result, it was leamed that the Manue] Jorge No. 4 and Abade sites were

superior compared with other sites, and it was decided that the Manuel Jorge No. 4 site should be

the feasibility study site for the reasons given below, where a table of the comparison study of the

two is shown.

Hydro .PO“’“ Manuel Jorge No. 4 Abade No. 1*
Project
Ezg;}fgr;phy & ‘The geology of basalt as basement rock is the same for both rivers, but

the topography is more rugged at the Abade with both waterway length
and waterway excavated cross-sectional area approximately double

those of Manue! Jorge No. 4.

Stream nunoff Ratio

Approx. 1:2

Access Conditions

Numerous roads and paths from
intake dam to powerhouse [or casy

AvCess,

Deeper in the mountains than Manuel|
Jorge, and especially, access in rainy
season work will be difficult without
large-scale improvement of existing

roads.

Transmission Line

5 km to Trindade, planning along roaq
possiblc.

Approx. 15 km to Trindade, deeper in
than Manuel Jorge, requires felling of
trees and widening of roads for
maintenance.

Environment Milagrosa and Santa Clara arc located Access, transmission line route, and
in project site involving some amount| power gencration struciures further in
of problems concerning mountains than Manucl Jorge and
compensation, but hardly any probleny require separate EIS from viewpoint
from standpoint of environmental of natural forest and environnicnt
preservation. preservation.

B{:J\:;:tsmtmn Approx. 230 kW (Max) Approx. 800 kW (Max)




Hydro Power Manuel Jorge No. ¢ Abade No. 1*
Project
Construction Cost | Approx. US$4.5-5.0x 10 Approx. US$8.0 - 12,0 x 1(f
(excluding new construction
and/or improvement of
transmission line and access read)
Economics Not economical with ordinary loan | Better than Manue! Jorge, but still
nol ecenoimical with ordinary loan.
Pevelopment Start-up by 2000 A.D. possible as | Early development planned
Timing emergency power station 10 deal according to EMAE-EDF Master
with supply capability shortage. Plan of 1993, and said approved
Even 1993 Master Plan schedules | for partial loan from African
commissioning in 2001. Development Bank, but
constrnuction not yet started.
Direct Incoma Both projects would connect to Trindade Substation making possible
Effect electrification of Bombaim, Santa Clara, and Milagrosa, and also make
possible distribution to Trindade subject to chronic power outages for
variows reasons. Reduction in imports of diesel fuel and savings in
forejgn currency possible.

*  Abade No. 1 is about the same as No. 3 of 1993 master plan.

Electric Power Demand Forecast

EMAE'’s major generation facilities, as of March 1996, consist of three power stations: Sao
Tome Diesel Power Station (5,200 kW), Contador Hydro Power Station (1,920 kW), and Gue
Gue Hydro Power Station (320 kW), totaling 7,440 kW. On the other hand, the maximum power
consumption as of 1994 was 4,995 kW, which would be regarded as the maximum power supply

capability in the Sao Tome system.

The average annual growth rate in electric power demand (generating end electric energy) from
193] to 1994 was 5.68%. Load restrictions were carried out in 1995, with a reduction from
1994,  Therefore, 1995 was not taken into consideration. On examining the growths in
individual years, there was a high growth of 34% from 1983 to 1984, while from 1987 to 1989
there were very high growth rates of 25.3%, and 22.1%, as well. The maximum power in the
case is forecast lo be almost doubled in 10 years or in 20035, and increased by 2.7 times in 15

years, or in 2040,

Regarding the maximum power forecast, a 50% load factor was applied. The load facter of Sao
Tome is currently 30% - 40%, although it is generally around 60%. 1t is expected that the

present foad factor will be improved in the future.

— B —
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The forecast, however, docs not include approximately 2,235 kW of potential demand from the
TV stations and hotels which expect to receive power from EMAE. The demand for half of the
population on the island is also not included as these are no concrete electrification plans,

although they are not presently benefued from electrification. New electrification will be
impossible due to the fund shortage under the existing condition that the power supply is shoit.

Then the power demand is forecast only from the power consumplion increase in the already
clectrified.  When considering the potential demand only, a maximum of 1,340 kW shall be
added to the forecast value based on the load factor of 60%% calculated from the receiving power.
As these potential consumers already own private generaling facilitics, it is considercd
unnecessary for EMAE to supply them with power withowt delay, so that it is not taken in this

forecast.

Electric Power Development Plan

Based on the national energy master plan made in 1993, the scenario of the mid- period power
development plan untit 2010 has been modified according to the actual sitvation by combination

of hydro-power and thermal power as shown below.

Xear Power station Qutput (kW)
1996 Abade No. 3 hydro-power 870 KW x 2 . 1,740
1597 Expansion Sao Tome thermal power 1,200
2000 Manuel Jorge No. 4 hydre-power 650
2001 Manuel Jorge No. 3 hydro-power 1,100
2003 Abade No. | 1,500
2005 Manuel Jorge No. 2 hydio-power 750
2006 Lemba hydro-power 3,000
2010 Ouro hydro-power 1,000

Diesel 1,000

It secms that Manue! Jorge No. 3 and 4 of Scenario above do not take into account the inlake-
water quantilies into several villages atong the Manuel Jorge river, so that the installed capacitics
of both projects are thought to be larger than should be. The Manuel Gorge No. 4 of the present

Report is therefore different from them.

According to the plan, the current power shortage is covered by the urgent thermal power and

thereafter, power resources are developed centering on hydro-power. Hydro-power development
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of the River Manuel Jorge is a large projoct next to the Abade River project which is the likeliest
in the master plan. The urgent thermat power station as one of the ininediate nwasure is to be an
extension of the Sao Toine Dieset of 1,200 kW in §997. The Abada hydro-power station could
raise only part of the construction fund and work has not been started, therefore making
operation start in 1996 impossible. Tt will be the present situation that the above scenario has to

be revised according to the actual circumstances.

In these circumstances above, the following revised development plan was prepared by the JICA

study team after close consultation with EMAE, which is considered to be the optimum plan:

Year Power Statign Output (kW)
1997 - Expansion Sao Tome Diesel 1,200
2000 Manuel Jorge No. 4 Hydro P/S 230
2001 Abade No. 3 Hydro P/S 1,740
2004 Abade No. | Hydro P/S 1,500
2007 Camba Hydro P/S 3,000

The above development plan is considered to reflect the actual circumstances. In fact, the Abade
hydro-power station will preferably be implemented after the Manuel Jorge No. 4, in
consideration of the access condition of the fonmer that (1) it is located deeper in the mmountains
than Manuel Jorge, (2) the rainy season works will be difficult without large-scale improvement
of existing road, (3) the Abade project will require separate F/S from view point of natural forest
and environmental preservation, and {(4) more construction cost is required than the Manuel

Jorge.

The optimum development plan is shown in Table 5-3 and Figure 5-3, together with the
unrevised or present plan. In studying the optimum power development plan, the unrevised plan

values were used conceming output of development sites other than Manuel Jorge.

Ht is generally accepted that a reserve ratio of about 30% of the maximum demand is necessary in
developing countries and very particularly in a weak power system. It is assumed in this study
that even if the maximum hydro-power and thermal power units (Contador 960 kW and Sao
Tome thermal power ABC-3 1280 kW) are suspended by accident, power supply can be made by
other stations. The reserve ratio in 1996 is 43%, and that of 30% of demand is used after the

reserve ratio drops below 30% of demand.



T
A

&

Even though all the preparatory work starts shortly in regard to the impleinentation, start of the
Manuc! Jorge hydro-power station will be in or after 1999. In the present supply shortage
condition, the development of new, high reliability power sources without regard to the scale is
noCessary.

The results of the studies are shown in Table 5-3 and Figure 5-3, which were prepared based on

consultation with EMAE,

The output of Manuel Jorge No. 4 Hydroelectric Power Station would be approximately 230 kW,
and start of operation will be possible in the year 2000. In the siluation that construction and
tepairs of power stations have been not made according to the expected schedule, Manuel Jorge
No. 4 is regarded to respond to such difficulties even though it is small. The maximum power
demand at this time is forecast to be 6,540 kW, a small proportion of the planned demand and
supply balance. The following will be duly reminded as a whole regarding the merits to be

obtained through development of this project:

(H Practically all existing power gencration and transmission facitities are antiquated,
renovations cannot be made quickly due to lack of funds, so that the installed capacily

cannot be fully demonstrated, and this is a cause of chronic electric power shottage.

2) It is not easy to build new power stations to go forward as planned due 1o difficulty in

procuring foreign currency funds.

3) The composition of electric power sources of EMAE has a high proportion of thernl
(approximately 70%), and when diversification of power sources is considered, it is

necessary for hydro to be developed regardiess of the scale of development.

{4) Fuel for diesel power stations is completely dependent on imports from other countries,

and use of foreign currency can be reduced through development of a hydro power

station.

(5) The transmission line would be connected to Trindade Substation, and it will be possible
for Santa Clara, Milagrosa and other villages, where there are about 90 families or 500
inhabitants, to be elecirified, while it will be possible for power to be distributed to
Trindade which is subjected to chronic power ontages for various reasons though it is

administrative center of the Disltrict,

_8_



The electric power of Manuel Jorge No. 4 would be connected to the interconnected

g,
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system at the abovementioned substation.

4, Present Situations of Existing Power Stations (as of March 1996)

4.1 Contador Hydro Power Station
It is now thirty (30) years since this power station was completed and it is thought that if repairs
and improvenents were (o be made at the Jocations of civil structures and if electrical machinery
were to be exchanged, the service life of the power station can be extended for several decados
more. The following repair and improvement works will be required to be done:

(N Repairs of access road
) Removal of sand-gravel and driftwood from upstream of the intake dam. Tmprovement
of intake forebay partilion wall into a side overflow-type intake weir. Replacement of all

g inoperative gates.

3) Regarding the headrace, restoration work at the waterway end at Pcl3 was completed at
the end of 1996, but since this is unstable from a long-term viewpoint, it will be
necessary for a pennanent measure to be provided at an early date.

(E)] Regarding the head tank, periodic checks for leakage and crack occurrence.

{5) At the steep slope of the penstock, removal of loose rocks about to fall.

0) It will be necessary to budget at an easly date installation of entrance door leafs and glass
panes for windows of the powerhouse, and installation of lighting at places where

necessary.

)] Electro-mechanical equipment including turbine and generator needs to be completely

replaced.
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4.2

4.3

Gue Gue Hydro Power Station

Deteriorated parts are not recognizable at present, but it is necessary for sand-gravel deposited in
the seltling basin immediately downstream of the intake dam to be removed wilth prionty over
everything else. Next, the sediment deposited al the intake dam must be removed and at the same

time the intake screen needs to be inspected and repaired or improved.

Sao Tome Thermal Power Station

Except for ABC-3 and DORMAN which were added last year, ABC-I, Cunwnins-2 and
Cummins-3 have become deteriorated with time, and for improvement of the reliability of the

electric power system as a whole, it is thought these need to be renewed at an early date.

From the standpoint of noise pollution it is desirable for the power station to be relocated to the

outskirts of towa.
Hydrology

Calculation of Runoff

The amount of runoff data of the Manuel Jorge River which can be used for planning was
limited, and the daily runoff and specific runoff per 10 kin? for the 4-year period from October
1988 to September 1992 of the project site on the Manuel Jorge River were estimated from

comparison studies of daily runoff data of similar sircams in the neighborhood.

Daily runoff data of Pian-Pian Gauging Station on the Manuel Jorge River are given in the
1989/90 runoff yearbook as a water level and runoff hydrograph prepared by the Resources
Research Institute of Poriugal (no entry in the 1988/89 ycarbook). On the other hand, there are
measured runoff data (a number of water level and runoff data) for checking annual water level-
runof f hydrographs estimated by MESA since 1989. It was decided to estimate the long-term

runoff of the Manuel Jorge River using these two kinds of data.

In the vicinily of the Manuel Jorge River there is the Abade River to the south and the Do Ouro
River to the north. The waler level data of Bombaim Gauging Station (catchment area: 12.0
km?) on the Abade River upstream stretch, although with some unrecorded periods along the

way, are available for a 3.6 year period from January 1989 to the middle of September 1992,
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while on the Po Quro River, there are two gauging stations, the upstream Boa Esperanca (13.8
kmz) and Central A. Neto (480 km?), and water level data from October 1988 to April 1991,
although with some blank periods along the way, can be used. For the latter, there are additional
data, although with considerable unrecorded periods along the way, up to June 1992 which can
be used. Walter tevels of the Manuel Jorge River which can be used are for roughly 1.5 years

from January 1990 {with blanks) to April 1991.

Fortunately, the periods during which observation were not imade on the three streams differ with
no cases overapping, and by supplementation using one of the data, it was possible to estimate
the runoff at the Manuel Jorge {Ponte) site for the roughly 4 year period from October 1988 to
September 15, 1992.

In case of a small-scale power station of run-of-river type such as in this Project, only parts of
large runoffs such as during floods are utilized for power gencration, and rather, the scale is
decided by the runoff during tow water periods in the dry season. Although the correlations
between these rivers cannol be said to be of high degrees, the calculations are based on runofis of
long periods (7 month periods from February to August) taking into consideration runoff of the
dry season, and it is thought these are runoff data which can adequately be used in studying the

Project.

Figure 7-10 shows the results of runoff calculations for the Pian-Pian Ponte site on the Manuel

Jorge River.
Flood Discharge

There are three rainfall observation stations, namely, Bombaim, Monte Café, and Trindade, in
the vicinity of the Manuel Jorge, with data avaitable for 29 years, 24 years, and 13 years,
respectively, and the probability rainfalls at the Manuel Jorge No. 4 site based on these are as

follows:

Retuin Period (1/n yr) Probable Rainfall (nun/day)
5 128
10 154
20 179
50 212
100 236

-_11__
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6.1

The catchment area for this Project is comparatively small at 10.8 km® so that the Rational

Method was uscd for calculation of desiga runoff, and as a result, a 100 ycar return period design

flood discharges of 210 m'/sec for the powerhouse site, and 180 m*/sec for the intake dam site

were obtained.

Manuel Jorge No. 4 Power Devclopment Project

Watenway Route

Studics of the three alternative routes of Case A, Case B, and Case C shown in Figs. 8-2 and 8-3

were made under the conditions below.

Catchment area, stream discharge duration, topography upstream of intake site, topography
of waterway route, etc. were taken into consideration for the type of powes gencration.

Basically, because of the large differences between 355 day manoff and 35 - to 95 day runoffs
(0.055 m/sce and 0.3 msec), in order not to allow ineffective discharge (power gencration
stoppage) at time of dry season runoff, in one method a head tank is provided for a storage
capacity of about 12 hours of dry season runoff, stopping power gencration for about 12
hours daily to store and regutate water for power generation for firm peak operation during
peak hours, and a method of installing two turbine-generator units with operation carried out

with one unit in the dry season, for studies of two systems.

‘The waterway is to be of cancrete with the cross section square, the top provided with cover

plates of precast concrete.

The waterway is to be made by excavating the mountainside by bench cutting and then trench
cutting at the mountain side of the bench. A road of 2 m width for construction and
maintenance and inspection is to be provided on the river side of the open canal.

The pipe diameter of the penstock is to be based on flow velocity of 2 m/sec.

The turbine is to be cross flow type in consideration of effective heads and available

discharges (He = 119 - 94 m, Omax =0.30 - 0.32 niisec) of the various cases.

.__12__



o The discharge water level is to be 2 m below the 100 year return period design flood

discharge level, which is higher than the ordinary water level of the Manual Jorge River.

e In calculation of annual electric energy production, roughly 35 day runoff of 3 year average
discharge duration was adopted for maximwin available discharge in each of the cases, while

as firm discharge, the discharge which can be secured for 355 days out of 365 was taken.

¢ Construction costs were ¢stimated using unit prices as of January 1996, with preparatory
works costs, civil works, hydraulic equipment, power generating equipment, transmission
tine construction, and engineering expenses incleded among the items. Repairs are to be
made at parts where necessary so that intake for the Milagrosa District can be made even at
low water, with repairs made at parts necessary along the length of approximately 1.5 km in
order that leakage will notl occur from the waterway, the cost of this being included in the

constructton cost,

¢ Regarding the benefit in the econeinics, a diesel power station of 1,000 kKW was taken as the
alternative thenmal power, with the kVY and kWh unit casts of the alternative thermal as the
kW and KWh values of hydro, the values of output (kW) and annual electric energy (kWh) of
hydro as benefit, while on the other hand, for costs, 8.147% and 1% of construction cost
were faken as depreciation cost and administrative costs, respectively, and from these B/C,
the ratio between annual benefit and annual cost, and B - C, the difference between the two,

were obtained.

The results of examination are as given in the table below.

Case A Case B Case C

Catchmenlt Area (knt) 8.31 332 923

Intake Water Level {m) 522 507 470

Discharge Water Level (im) 3884 3884 369

Effective Head (im) 119.14 111.87 94.27

Max. Available Discharge 0.3 03 032

(m¥sec)

Max. Qutput (kW) 242 227 204

Annual Encrgy Production 1,376 1,292 1,169

(MWh)

Construction Cost (US$)

| Unit Proposal 4,748 x 10' 4,410x 10° 4,478 x 10’

|2 Unit Proposal 5,096 x 10° 4,679 x 10° 4,672 x 10°
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Case A Case B Case C

B/C

i Unit Proposal 0.213(1.951) 0.215(1.974) 0.191 (1.752)
2 Units Proposal 0.185 (1.701) 0.189 (1.730) 0.171 (1.565)

B-C (US$)

I Unit Proposal 343X 10045 x 10Y) | -318x 1073 x 10 | -332x 10'(34 x 10))
2 Units Proposal 381 x 10°36 x 107 | 348 x 10°(34 x 10°) | -355 x 10'(26 x 10°)

6.2

Figures in parentheses indicate cases when amounts corresponding to construction cost or
reasonable investment have been provided as subsidy or grant aid. The construction costs in the
above table are estimated to compare the three cases so that the Case B cost is dilferent from

Table 11-1.

As a result, the six alternatives are all of low values, but of thesc, although by only a slight
difference, the proposal of Case B (with Storage Capacity) of the head tank having a dry season
regulating capacity (Ve = 2,400 m’) has B/C of 0.215 and B - C of -US$317,543 which are
superior to the B/C of 0.213 and B - C of -US$343,014 of the next best Case A. However, in the
event a reasonable investment amount equivalent or a construction cost equivalent is provided as
a subsidy or grant aid and the power station adniinistration cost is considered as only the
operation and maintepance cost {O&M cost), Case B will have B/C = 1974 and B - C =
US$42,951, and power station operation will be amply possible. Furthermore, if this sitc were to
be developed from the point of view of effective utilization of water resources which comprise
clean energy and recyclable energy, it will be possible to make savings in the cost of fuel oil
which is a fossil energy by a quantity of 380 ki annually, about US$80,000, to tessen the

financial burden on Sao Tome and Principe.

Therefore, it was decided to adopt Case B with Storage Capacity of the highest B/C and B - C of

(he three routes six cases and the maximum available discharge of this proposal was examined.

Maximum Available Discharge

Regarding the Case B with Storage Capacily proposal, the optimum discharge was detenmined

according to the following:

¢ The maximum availablé discharge was studied for runoffs at mostly S day intervals of 15,

20, 25, 30, and 55 days of 3 year annual average runoff at the Manuel Jorge No. 4 site.

_14__
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6.3

6.4

* Regarding construction cost, it was estimated for each maximum discharge for the same

items as in the study of the optimum route.

o Regarding clectric energy also, the head loss for cach discharge quantity was calculated
similarly to the study of the optinmum route, and the standard turbine efficiency and generator

cfficiency for a cross flow turbine were used.

With the cost of the aliemative capacity, diese! power generation, as the benefit (B) of hydro, and
with the cost of hydro including depreciation cost and operation and maintenance cost (O&M
cost) as C, the above cases were compared, and it was found that a maximum available discharge
of 0.306 to 0.31 m¥scc would be optimum. The maximum available discharge, Omax, was

taken as 0.31 m/sec based on this result.

Optimum Pipe Diameter

With maximum available discharge as Qmax = 0.31 m*sec, the construction cost per meter of
length, power generation loss, and annual energy los were calculated for every centimeter of
penstock pipe diameter, and with the alternative theomal cost as the value of hydro power, the
pipe diameter at which the total cost of minus benefit {considered as cost) and depreciation cost
and operation and maintenance cost {O&M cost) in relation to construction cost would be
minimum was determined. As a result, it was found that around D = 0.36 m gave the minimum

value, and hence was optimum.

In Japanese Industrial Standards, there are specifications for pipes of inside diameter 0.343 m
and 0.394 m close to inside diameter of 0.36 m, and it was decided to adopt steel pipe for general
structural vse of inside dianmeter 0.394 m and shell thickness of 6.4 nun with which head loss

would be smaller.

Power Generation Plan of Optimum Scale

Maximum output, firm outpul, firm peak output, and annual energy production were calculated
from maximum available discharge of Qmax = 0.31 m"/sec, head loss and effective head based
on penstock pipe diamcter D = 0.394 m, and turbine generator efficiency, and the results of
maximum ouiput Pmax = 230 kW, firm output Pf = 36 kW, finn peak output Pfp = 73 kW, and
annual energy production EE = 1,253 MWh were obtained.
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6.5

Development Scheme for Abade River

With regard to a development scheme for the Abade River, there have been studics made in the
past by the French and others and development scales have been suggested, but with difficulty in

fund procurement, developinent has not yet been realized.

Meanwhile, in carrying out the present mini hydro power development project survey, selection
of streams for investigation was studied, as the result of which it was considered that the Abade

River is a stream indicating an index value with hardly any difference from Manuel Jorge No. 4.
"The data employed in the study of this site were as follows:

Topographical maps:  1/10,000, 1/25,000 entire project area
Runoff data: Average discharge-duration chart prepared based on 4 year daily runoff

from 1989 to 1992,

The locations on the Abade River which have favorable topographies for hydro power
developiment are in the so-called Bombaim District from the Abade River river-bed elevation of

400 m, where the tributary Bomba River merges with the mainstream, to around EL. 500 m.

Power generation schemes of 3 routes 5 cases are as shown in Tables 8-17 and 8-18, with

normal economic indices being B/C < 1, B - C <.

However, in case of development receiving a subsidy or grant aid and limiting power station
administration cost to operation and maintenance cost (O&M cost), the economic indices will be
as shown in Table 8-18 where all of the proposals will have high valucs of B/C > 1 (4.124 and
higher) and B - C > 0 (US$246,434 aad higher) and power station operation will be amply

feasible.
Of these proposals, the one with the best economics is a combination of C-1 and C-2” of Case C

which would have B/C = 0.488 and B - C = -US$455,018 when notinal costs are considered but
when only O&M cost only is considered B/C will become 4.475 and B - C US$336,577.
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‘The amount of oil which can be saved at the alternative thermal (dicsel power generation) when
this case is developed will be approximately 1,650 ton annually, this fucl cost savings being

estimated at approximately US$400,000.
Geology of Manuel Jorge No. 4

The intake dam site can be judged to be favorable from the standpoints of both topography and
geology. That is, the topography of the dam site is in the form of a narrow canyon. River
deposits ace thin, being 1 to 2 m, while underlying the deposits and at both banks is basement
rock consisting of massive basalt and {off breccia at parts. Therefore, it is thought this dam site

has adequate bearing power and watertightness as a foundation for the planned intake dam.

The geologies and stabilities of slopes at the waterway route and head tank site are thought to
pose no problems for construction of a penstock and powerhouse in consideration of the scales of
structures planned. That is, the basement rocks possess adequate strengths as foundations for the
penstock and powerhouse, while as for talus deposits, they consist of gravel-bearing large--
articled material and may be judged as being adequate in load-bearing properly. Collapses and
tandshides are not seen at slopes around the project site and it is considered to be a favorable

location from the standpoint of slope stability also.
Feasibility Design

This Project is for a so-called mini hydro power station of maxtmum available discharge 0.31
m/sec, effective head 109.17 m, and maximum output 230 kW. As civil structures for this
Project, there are an intake dam and intake as water intake facilitics, while as a headrace for
conveying water for power generation and obtaining head, an open canal of gradieat 1/500 is to
be provided along the mountainside in view of the overall topography of the waterway route.

Part way along the upstream portion of the headrace, it will be necessary to provide a regulating
gate and spillway for cutting off water from the intake for repair of downstream structures and
removal of sediment. A settling basin to allow sand and silt suspended in water taken in to settle
and be removed is to be constructed, for conducting water approximately 1.2 km to the head
tank. The water transmission cross section, since a comparatively small amount of water is

conveyed, is to be inside width of 0.57 m and inside height of 0.72 m.

The head tank is not only for preventing large water level variation when starting generation and

instantaneously supplying water for power generation withoul excess or shortage, and dispersing



reaction energy (water hammer) accompanying cut-off of water flowing down the penstock when
stopping pawer generation, but also, in this Project, for storing water to be supplied to eliminate

ineffective discharge due to power generation stoppage at times of low water in the dry season.

The penstock is for conveying power generation water from the head tank to the powerhouse, and
with the head between the head tank and the power station outlet 115.56 m (11.6 kgfem’), the
inside diameter for withstanding this water pressure will be D == 0.394 m, and the length of the

steel pipe will be L =226 m.

At the powerhouse, water from the penstock is to be received with a reaction type cross flow
turbine for converting velocity energy into electric encrgy for obtaining maximum power of Pmax

=230 kW and 1.25 GWh in annual energy production.

The flow duration in this area is broadly divided according to dry season and wet season, while
this power station is to be operated as a base load power station through both wet and dry
seasons. Especially, there is little rainfall in the dry season, and it will be necessary to give
thorough consideration to operalion under partial load. In such case, although maximum
efficiency would be lowered somewhat, a cross flow turbine or a Pclton turbine which has a
capability for operation under partial load in a broad range and with high efficiency wilt be more
advantageous than a Francis turbine. Particularly, the construction of a cross flow tuibine is
simple, and it is cheaper than a Pelton or Francis turbine. Furthermore, maintenance is easy
bocause of the simple consiruction, and it is possible to handle repair of the turbine during

trouble at the site to a considerable extent.

In view of the above, a cross flow (urbine is 1o be adopted. A cross flow turbine is being used at

the downstream Gue Gue Hydro Power Station also.

Regarding the number of units of main equipment, a comprehensive judgment was made of

operation in the wet and dry seasons, convenience in maintenance of equipment, etc., and ¥ unit

was adopted.

As the generator, a 3 phase, alternating current, synchronous generator was selected, and in order
that voltage regulation of the power system would be amply possible, the power factor is to be
0.8 (lagging). It is to be noted that existing powes stations are designed for gencrator powes
factor of 0.8 - 1.0. The main transformer is to be installed outdoors from the powerhouse. The

control system is to be a manned system with operaling personnel resident at all times.

—~18—



A

,'"“ -

Particulars and Specifications of Main Equipment

{n Turbing
Type: cross flow
Number of uniis: I unit
Nomual effective head:  109.17 m
Available discharge:  6.31 m'/sec
Rated output: 253 kW
Rotating speed: 1,000 rpm

(2) Generator

Type: 3 phase, A.C,, synchronous generator
Number of units: I unit
Cutput: 200 kVA
Rotating speed: 1,000 rpm
Frequency: 50 Hz
Vollage: 400V
Power factor; 0.8
{(3) Main Transformer
Type: Qutdoor, 3 phase, oil-immersed, self-cooling type
Number of units: 1 unit
Rated output: 200 kVA
Vollage: 400 V30 kY

Construction Program

The principal civil works in this Project are the following:

{a) Intake Dam

Width 11 m, height 2.0 m, concrele volume 210 m?

)] Headrace

Total length approx. 1,200 m, excavation volume 8,040 n, concrete volume 760

shotcrete area 760 m>.



B
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{c) Settling Basin
Length 25 m, width 3 m, depth 1.8 1, concrete volume 80 .

{d) Head Tank

Excavation volume 10,070 m’, concrete volume 600 m’,

© Penstock
Steel pipe diameter 0.394 m, length 2256 m, excavation volume 830 m’, concrele

volume 125 ni.

4] Powerhouse

Building width 5.5 m, length 14.9 m, floor arca 82 m’, excavation volume 860 m’,

concrete volume 400 m’.

(g} Powerhouse Access Road

Length 72 m, width 3 m, excavalion volume 860 nt, concrete volume 205 m’,

h) Local Domeslic Water Supply Intake Facilities
Intake weir height 1.5 m, width 12 m, excavation volume 170 m?, concrete volume 104

lTl].

Of concrete aggregates, fine aggregale is to be obtained and used collecting crude rock by drilling
and blasting at the quarry, followed by crushing and screening. There are two organizations
quairying graywacke and basalt in the vicinity of Sao Tome City, crushing the rock and screcning

at aggregate plants.

Since the aggregate is crushed stone, the cenent content of concrete will be somewhat higher
than when using siver aggregates, but this will be safer for concrete structures than using marine
fine aggregate requiring removat of salts. As for supply of aggregates, since maximum volume

of concrete placed in one day will be about 10 m3, there will be no problein.

Cement and reinforcing steel are not produced in Sao Tome and Principe and all quantities will
depend on imports. The principal sources of imports are Portugal and South Afiica. When
importing from these countries, it appears that in the case of Portugal, a period of about 2 months

will be required from ordering until delivery in the field. As for the case of South Africa, a
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private construction company has a hinee service in operation so that it is capable of stable
supply, bul a monopolistic character may be seen, and it is expected that prices will be somewhat

high.

A period of slightly less than 2 years will be required for the entice work of this Praject from
definite design to taking various procedures to completion of construction, the details of which
are as shown in Fig. 11-10. About 5 months will be required as well for the basic design in

advance to them.
LEconomic Evaluation and Financial Analysis
Economic Evaluation

For the methodology of economic evaluation of this project, the benefit-cost ratio reethod is used
on the assumption that the present value of the total cost of construction of an alternative power
plant is the benefit and that the present value of the total cost of construction of this project is the
cost. As for the allemative power generation, diesel oil power generation plant that is installed in

this country is used.

As shown in Table 14-1, the annual capital cost is US$388,553, which is 8.174% of the total
investment cost and the annual eperating and maintenance cost is US$47,535, making a total of

US3$436,088.

Assuming that the altemative project is a diesel oil power generation plant, the annual fixed cost

would be US$5,174 and the variable cost would be US$73,856, making a total of US$79,030.

Using the above calculation, the benefit/cost ratio is 79,030/436,088 = 0.181, which is well
belfow the break-even point of onc (1) for the economic cvaluation. However, due to the
following reasons, we consider taking up this project posilively on the assumption that the

project be financed on a grant basis:

(N The Democratic Republic of Sao Tome and Principe is not in a position to adopt a

thermal power plant due to its {rade structure and external debt siluation.

2) In view of the topography and the volume of water, this project has an optimal condition

for a hydro-power plant for this size and its low investment efficiency can be justificd.
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Al present a little bit more than ten thousand houscholds are provided with the
clectricity. If this project is implemented and the electricity produced theceby is used
only for the households, approximately 2,500 houscholds additionally would receive

electricily, making the ratio of diffusion more than 60% from the current fevel of 50%.

Implenentation of this project would save the foreign currency of US$74 thousand
compared to the installation of a thermal power plant.  This saving of the forcign
currency would equal to 1.4% of the annual export (US$5.1 million) and 6.7% of the
annual fuel import (US$1.1 miilion) that would make a valuable contribution to the

external balance.

There is virtually no industry in the country and almost all industrial products including
capital goods rely on imporl. The country has yet to get rid of mono-culture mainly
based on cacao and relies on import for food. In consequences, import amounts to five
times as much as export and the food import exceeds the total expert. The most
important task for the country at the moment would be to achieve food self-sufficiency.
The top priority for this target would be development of fishery, making a full use of its
abundani natura! environment angd cesources. However, due to the lack of freezing and
refrigeration facilities for the stock of fish, these bountiful natural environment and
resources have not been utitized. The greatest barrier for this lack of these facilities is
insufficient supply of electricity and even for this reason the development of electric
power is essential. The development of fishery is needed not only for achievement of
food self-sufficiency but also for acquisition of foreign currency as one of the most

promising measures.

According to the National Encrgy Master Plan fonnulated prepared in 1993,
constiuction of a total of approximately 15,000 kW new electric power plants is
planned. f all of these plants are built in the form of thermal power plant, annval import
of fuel of 6 - 7 million US Dollars would be needed. In view of the above-mentioned
external position of the country, this is not possible and all new installation of power
plants should be by means of the hydro-electric power. EMAE itself made it clear that

all new installations except an emergency case would be hydro-electric power.

In suinmary with a view to achieving food self-sufficiency and producing a core expott

goods excepl cacao, thus nwaking a step forward to an economic self-reliance,
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insufficiency in electric supply shali be solved and the implementation of this project wilt

lead the country to this direction.
Financial Analysis

Assuming the optimal case (maximum power, annual power gencratiop and construction cost),
FIRR has been calculated. Then, based on the sensitivity analysis of FIRR and analyses of ROE

and cash flow, the condition for this project to be viable has been sought.

The FIRR, as defined as a discount rate which makes the present value of the financial benefit
cqual to that of the Ninancial cost, is calculated at -1.90% for an operation period of 35 years.
However, as mentioned in “Economic evaluation™, it is desirable to consider positively to take up

this project for the following reasons:

(N In order for the country to achieve an economic self-reliance, the solution to the shortage

in the electric supply is essential.
(2) The development of electric power generation shall rely on hydro-clectsic power plants.

3 Although the investment efficiency of this project is very low, it is considered as

inevitable due to the topography.

In case a grant is given to this project, the project will become viable. Assuming the taniff of 15
cent/kWh and the EMAE’s share of 15% (the remaining 85% is covered by the grant), the project
will eam an FIRR of 10.51% and become viable. However, if electricity tariff goes down to 10
cent/KWh --15 cent/kWh is high for the international standard, it would be necessary to decrease
the EMAE’s share to 7 to 8% to make the project viable. On the other hand, the ROE, which is
commonly used by the corporations for profitability analysis will be -9.15 for the base case
(EMAE’s burden share is 100%) and 0.86% in case EMAE's burden share goes down to 15%.
However, even in the latter case, if the electricity tariff goes down to 10 ¢/kWh, the ROE will be -
5.29¢%.

Although the investment efficiency of this project is quite low from both economic and financial
point of vicws, it would be considered inevitable due to the topographical conditions (hat this
country oocupies a very'smail island and that it is quite difficult to find a topographically belter

location. On the other hand, the solution to the electricity shortage is essential to the economic
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self-retiance and there would be no other way than mini hydro-electric power plants to develop
eloctric power from the external point of view. Therefore, with a high hope that this project will
be implemented, we hercby recommend that necessary preparatory works such as detailed

designing be processed in continuation to the present study.
Environmental Impact Study

The sitvation of land utilizations of the project arca and its vicinity remains similar
characteristics to those of the colony era, at that time the wide land area of forest was developed
into plantations. Cacao and coffee plantations are the typical style of them. At the central part of
a plantation arca, there are managenent and agricultural facilities, and living quarters for the
laborers. Thercfore, there are no independent villagers living alonc oulside of the plantation
center. This means that the centers of plantations forms villages of the area. There are four such
villages distributed in the project area and its vicinity, which are called Milagrosa, Santa Clara,
Quinta das Flores and Santa Luzia. All of them belong to the District of Me-Zochi, of which
total population is 29,758 at the time of the survey. There is no inining and manufacturing
industries in the project area and its vicinity. There were fermentation and drying factory, and car
repair and wood manufacturing facilities in Milagrosa in the past. These factory and facilities are

now out of order and can not be used.

It is found that potential amount of water resources in the project area and its vicinity is enough
for consumption by the concerned villages. In addition to Manual Jorge river, there is a spring on
Aqua Panada flowing through this area. All of them will guarantee the potable water supply and
irrigation when needed in Santa Clara and Milagrosa. Bestdes, there are other thrce smal] springs

in Milagrosa area.

Most of the villages relay on the river water of Manuel Jorge, except that some of them obtain
drinking water from other water sources. Water for irrigation and mini-power generators rely on
Manuel Jorge. Water flow will be quite limited in dry season, and therefore water share between
the project and existing needs of water in the concerned villages must be settled among concerned

paities, so that the vested rights be preserved.
There ate roads running through Sanlta Clara and Milagrosa, which connect Trindade town and

Sao Tome city. The roads are in s0-so condition. In the past, the plantation of Milagrosa took

care of the transportation necd around the nearby villages, but such service was terminated.
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Public service facilitics, including power distribulion system, are quite poor in and around the
project arca and its vicinily. There is only one primary school (iwo class rooms), one health
center and one emergency clinic in Mtlagrosa. People with seriously injured or sick must receive

tecatment in Sao Tome city hospital,

Apart from the west side of the area, there is a forest area which is being considered as a natural
conservation area, and is the source of several rivers. Most of the area is covered by secondary
forest mixed with the plantation trees of cacao, coffee and others, The secondary forest is
composed of Pau Brancol (Tetrechidium didymostemon), Moindro (Aidia quintassi}, Muandim
(Penta clethra macrophylla) and Pau Sangue (Hurengana madagascariensis). Nearby the Manuel
Jorge No. 4 site area, there are three waterfalls. Becausc of the small scale of the hydropower

project, there will be no notable change to be caused to the existing landscape.

As the temrestrial fauna, there are various birds habitat in the area. Monkeys also habitat here
which cause damage to cacao and banana in the plantation. There are very few aquatic fauna in
this area. Some kind of surface water shrips and fishes are existing, but their inventorics are very

little.

A kind of owl, which is an endemic bird of Sao Tome island, habitats in the west side of the
project area. 1 is nolable that bird watching tour of foreigners has become famwous in the recent

years.

The agricultural aclivity going on now in the project area and its vicinity has come to a quite
balanced condition due to its long term history accunwlated to date. Sustainable development of
the agriculture of this area is important to the socio-economic environment. Fortunately, the
mini-hydropower is a small project and therefore the potential environmental impacts are quite

limited and even negligible.
Tables 13.2 and 13.3 show the summary of socic-economic and natural environmental impact

assessments of the project sespectively, in which measures to mitigate potential impacts are also

recommended.

H25__



S°%6 1569 1Ly 109 6l 7986 1S9L Tl [BR0°El |09 T01'€y | ZLL'8y O086L8 | 0102
L7L |218  15z€ |09 o Zlv6 V.01 |692°21 |08 TeZ' v |101°Lv |OPL'€5 | 6002
$08 8065 |71y |0l 766'8 | 92101 | 10517 0% ISEBE 057 |88 | 8007
£68 695 [805 0021 0658|6296 | 18L'0T |og 02928 | wiey |0zz b | 2002
T86  |SSL 1609 09201 9028 {1116 |01 0T |08 796 °SE | L06GE | €92 %7 | 9002
269 |8€¢ |00r |09z €l 683°C  1129'8  |eLv's |08 LESVE |29L°L8 |16V 17 | %00z
0728 €€ |60y |05 2l 58v°L (851’8 |088'® |08 Z08'28 |26L'SC | €68'8E | Y002
§v.  |128 |£08 0l PSTL  IBILL |vee's |0g SEe T | (186 45598 | €002
T8 L0511 1p |00 89 1908l  |208°L 0% vE6'6C V66 1E [ YLLVE | 2002
989 €68 |S0E 0101 8259 |216'9  |PieL |08 56587 | ¥z 0f | 7E0°28 | 1002
58 (917 (S 0166 (€29 |0v8'9  [%88'9 |08 L1e2z |Lv9'82 |820°08 | 0007
78S |96r 11w 0926 8%6°C 6810 |9evs 108 S60°92 0122 | 8vL'8Z | B6BI
L79  |188 L85 0926 769°S  |958'C 520G |08 626 vz | 056Gz |89z | 866T
129 129 0% 0926 €75 |158°S (L85 |08 AR R AR AR
§eL  |59L 6w 0926 v1's | €v2'c  |e6cS 0% svL'zz 99622 | #RL€Z | 966l
2820 EIER) 258D | 4¥00Z2 YR 2SED 2582 958D 3seD 358

WO QPRI WSy, IueIsIxg ko7 oIpRYKN B o RPN Bl N\ oo
(%) 2A1933Y JO 1By méwouwwawmm () 13804 QVHMM“MM (M) A819ug .
1S802I0] PUREA] 7~ O1QBL

e e )

_26__



(000'T) Ps3ig
€€ 0§t 6L 08£'0Z (000" 1) 9 0ing §9E'11 0102
v 0rr's1 79 08g'LT v5L 01 600T
3 orist i 08¢'LT 9L1'01 8002
LS 0I1'S1 {000') equiay 08 08¢'LL 629'6 L00T
€€ 011'Z1 16 08¢°L1 (000'€) Bquia] s 500z
oy o'y L9 08¢'p1 (0§L) T 93107 [2auEy 129'8 S00T
8y A (00§°1) [ speQy L9 0£9'¢1 851'8 #00T
LE 01901 LL 0€9'¢1 (00S1) [ oprqy SILL £00T
Sy 01901 99 0E1'TI sog'L 7002
S 019°01 (O¥L'L) € 9pegY St 0€1'Tl (001'1) £ 9310{ (Anuep 7169 1007
9¢ 0L8'8 {0£2) s310f panueyy 69 0£0'11 (0§9) v 2810¢ [onuEHY ors'e 0002
0y 089'8 89 08£°01 831°9 6661
gy 0r9'8 LL 08£'01 953'S 8661
9¢ 0v9's (0QT'1) worsuedxy L3 085'01 (00T 1) votsuedxy 16 1661
44 orv'L SL 081'6 {OvL1) g spRQy £vT's 9661
Ov'L w orY'L
(a0 m (MY (M) puewa
(%) snzesay Aitaedeny poqpoisuy LQONERIS Jam0 g JO SwepN _ {36) sates9y | Auoeden papeisul uonelS Iamod Jo suey 2304 -7 4
VoI AQ Ueld votsusdRg | TYING 4q ue(g

oUBTRY JoOMOJ JO SISATRUY ¢-G 3[QR]

— 27—



I _ | ; ” | ”
"L 1118 7% _omm.w 09472 _om 08 08 1Lz _, (3ATYRRISI[R) RqTOT
| | | |
| | ! i _
ERE e oeey 090°2 0% 0 loe ez | wqmoT
| ; 4 | | _ JOATY BOWOT
_ " _ ‘”
I : ;
m £ 986 9'v peee R A 0g3 | SOF gg°0T {J9ATY SOARYD SUV) aDpTRIH Of
, : , _ ! , _ JoALY apUmlg O
! 1 1 |
| m _ |
6 121 L6 068°2 026°1 L ovt 08 022 1SL6 n (PATIRTII R )IOPRITE)
|
| |
LT 861 707 068°2 006°1 | bt 06 052 898 J0pe3TE)
“, | “ A, | JOATY JOPERUE)
i B i
“ ,, i ] , _
! ! ' ‘ . _ , _ _
| 0Ly 8°S 082 08%°2 1671 _omﬁ | 818 v 61 | m.ozunxz._
_ | | _ | |
' | i [ I ' i
1 892'1 L't [ 08L7% L 08972 08T | o1e 0¥ 18°ST 1o opeqy
| | | JeATY 3pRqy
: f , :
,_ _ 7 i
S A g1 00T : 0661 118 L 052 08¢ Sh6 g0y S3gor [anuey
_ : ﬂ
| |
I 9621 b1 00%°2 062°1 oot | 08¢ 08% 856 prON 93uop [enuER
| m _ W I0aTE 93J0p TONTEK
' ' ﬁ i ! H
9 6LL 1172 0£0°2 f088°T 08 ﬂomﬂ 008 19781 27N oImp o
) | 902 LRI 020'7 1 020°1 08 | 03¢ 00 b9l [0y omg of
m ” “ m “ L, JIATY ong of
| QE*Q:\E*Q?:: (D) (€} i (€] .SISAJ €] €3] 49]
uiywey =(8)=(IxT)/(HegaV) ((W/2W) :3 “AeAJojmy UOI(WE) 1Y “I3IS A} UI (@ 1 | (my R (@E) | (EIE) (7=) =¥ 30300ad Jo amey
_ W u_.uo.no.um 0O aniep : BIIY UQLLRARIXY .w>< [1eFETeY [enmay .wbﬁooﬁhv.mmm 3o nvmnmqudom mmo.Hu_ T'R°L " TH°] [eedy JULWOTR] TUe Jealy JO amey

PUB[S] QWOL OBS Ul $303[0Jd JomOJ OJPAY TUIN U0 Apnijg oaljegeduos -8 974%]

__28_..



_ i ﬁ |
! ' 1 1 1 1 I | vl Potuag LOTIONITSUO)
L8L'1L9'Y £89'8.9"Y 2969605 LESL LY £82°01¥ P | 95R°SPL Y $50 150) UDTIORIISUOG
i ! _
i _
, S0°L 0574 0s*L _ 504 0574 08°L L u (I9ITKANOS) BULT uOISSITSURY]
| 952 82 506 452 152 %0¢ VW | Soveaousg go f3joude) pafreasur
STIOUOJYIUAS d-£f SNOUOJyIuls d-g| snououyousg a-m", STOUQIUUAS d-g| SNOUOILIUAS d-g| snoucuyouly d-g JoYRIGUSN JO adiy
ved 052 S92 _ |42 052 997 My sulquny Jo A31oude) pajlelsul
” MO14 SSOID | MOT SS0J3 MOTJ Ssou) Moi4 Ssodn MC14 S80JD HOTJ 8S0J) _ UGN, Jo odAY
ﬁ | _ J93d by TR0 TURY0aWOI108 [T
_ ,
|
_ SU7 =A QPIXSH0 YagxR 0 X0 1 0RTxSHT0 YER R0 9RZX P70 T (1x @) $o005U3g
| 295008 X JOX SIUZT - - - ' 00k°7 00v'2 Gz g AITovde) FRILS UR) pEoH
! 005/1 005/ oee/t | oo/t 005/ 008/1 " TeuuRyy 80RIpRoR Jo doig
; L8 0XBLY 1 957 0% g02'1 16°0%002°7 _ L50XB9%"T 95°CXEFT T 15°0%061°T T (4%} [euey) eovapes]y
| 0'gx02 072X 11 szxsl | 0'ex0z 0°2% 11 §zx9l n (HXT) Weq YRR
! | ! amaNAS damog;
| | | W |
8911 682°1 | 5481 69111 2621 Lee' Uk UOYIINPOIY AIRUZ Hgﬁzw
| 1
i _ i _
m 8762 9'%e 568 B4 95 888 LY AN LT
i - - - ] 579 lot1g a NG HBIJ WIBI
oL P 2 02 .22 ¥l . ndang sEpe |
| _ _ TndIng Jomoq!
MOTZ SSQ4) | MO[J Ssod) MOTJ SS049 “ MOT ssodp MO1] 85047 XO[J 55040 _, duiquny, Jo sk
| | 4
H _ ! Yo i
_ (SAvpSeeImd g E.m_ §50°0 660°¢0 55070 | 58070 85070 W 55070 8/eU FATTUONTY wred
| SIUZL/PTX 30 - - . o1t 3110 91170 | s/gm BRITISIC WYY RO |
| | 0229 00870 068°0 078°0 008°0 008°0 i s/ o3amyRs | WaTXTY
| _ m ,” OBIBYDSTY JomO{|
7 ; ! W W _ _
| _ ; _
_ | 5156 547111 16'811 Fat ERIT YT L
' T8 170U H= 98796 ST 677021 _ 26796 99°511 2578l W a _ :
i | i | , !
| _ | | | i |
W TR'd Jo O mzﬁzi 00°598 u 0b"88E 0b g8t | 00628 0% 88e | (1)1 | o3| 19407 9374 .._mS_._o.
; L9859 ! v8g0e ' 58°118 _wa.m% 96°£08 2678 W ug i
m 1 0004t 00°408 00°228 _ 000LY " 00°.068 - 00°228 : I [9ATT JIITH ST
i , £2'6 122°8 1128 18278 1288 RN ﬂ i RaIy psagsdu_
: | 9 _ g _ v _ B “ i V i h L
| sYIvoey W KITTedRy 09eITs IHoyTTm ; FOedE) ofeais (I im Lo 951 |
SOSR) SPMS 9 JO BOTIAIJISO) ARG [BAUNY  Z-§ IIQRL

ﬁgg_



b ACI0TO4RLIBO DI /(D)1-(V)| 8267 HL8 S | 619°9BLE | ZEFCISIY ﬁ P9L9229°C | SELUTAV'E . BLGQELC | $Sa m pung pry Adessasay ()
{(10°0+¥48070)/(8)1 658" 96L 790 288 086°%v6 1 686°F58 ﬂmﬁm_wwm 84876001 $$0 | IS0D TUOWISAAT] OlqeIyrISnp (@
1 |
| 995492 A baLies B99°2 16620 851 “cp 880 | (z-0)=(8) : 350) - j1j0meq
i 98y ese- | 208°gbe- | 268°08E- | 28LZEE- | CRSCLIS- | PIOCYE~ ¢ 8§50 ¢ (1-D)-(4) : 380D - 31J0UOE (P
6661 7omb.H 10471 7sL T LEL6TT 115677 ! | (2-0)/(8)F oyiey 1509 1150u0¢
RO meﬂ.o | £81°0 18170 16120 $12°0 | W (1-0)/(2): o}3ey 380) J1Jeueg (2
i ! _ 4 ,
1502 AJOA0DR [B31dBD C[OX¥ §IL'9Y ' L8LY9Y $96°0¢ | SLL'PY 201 vy 68Y Ly gen | (2-0) 150) [enmay [wio]
2500 A19a000u [®3lde) C[O8Y| D68‘SEy . 2IE16IY 0be LGy 63L°01F 165508 099 °ss¥ $51 (1-2) 3803 [enmay [e10]
PLIR0"0 000°1 L0001 000°1 000°1 00073 0001 H IO KT
" ={1-05.{80°0+1)} L1'8 | PLLT8 PL1R 178 AR bL1tg I JE) :J0jvey AJaacday 1mpiden
i /05.(80°0+1)80"0=4¥D) “ | 1509 (P
fyoLieL 126°08 88998 L 1gveel | 580 L8 9%5°26 $80 (€) 31Jeudg [emamy [BI0]
89289 20094 BLOCIS L2689 BLIC9L 28118 $sh W Jo 3110009
987 Y L B16 Y - 879°¢ 0166 2801 G186 1( $s0 AT 30 3139meg
: 29070 {290°0 2900 290°0 29070 290°0 qa/$50 ORIBA UMF
” ¥orl P9kl ¥ 9% # oyl b opl by opl L #a/$sn ONTRA AY
2'011°1 2'682°1 974081 LTI L°822°% $°808°1 L WK | £21517 241790111
" 6°82 9°¢g 1) 0°59 bl L8 M o 3nding 2A1309373
m B¥ 6y 6% 6% i 6°F 6k % | A32003 0130933 3O J030RY SSOT _
m 67 6°2 6°2 62 62 62 1 1NdIng AATI0BIIT JO J030RY SSOT
_ u 7 1130099 (2
| ; i
| 00k M TR €8°¢ Ha &bt TLI/$51 YHYy 23d 380 UO119041800) (g
m 10622 11907 e 08672 82761 620761 | AR/8S0 4% dod 180) orandysuo) (®
_ ! ” ! _ X9pu] T[RIIWOROVT Y
; CIRELE R _ W !
w FuTanp 1S8J0WT COXE: LBLUTLO'P | €ROCQLE’Y | 29£°060°C | DSLALYh ! QO2TOTVY | 9S8iQYLCY $$0 &) 1500 001390335000
| 2911 §82°1 e8] 6911 Z62°1 981 THK To[3npoad AS1017 [onUTY
| Indynp WITY (SAEPSSEINLE| 862 9°%8 68 5767 798 8'8¢ W aadyng wryy
u U013RJRUY Yeod $4UZ] - - - [ 6799 5°94 0°18 My Jading Yead walg
! ¥02 122 1%z I yoZ 472 ave b jnding mEIXeR
i 2870 050 08°0 1780 0670 F0E"0 29s/em 03JeYIS (] WRWIXTK
w e 46 IR e 167811 | L2°v8 L8TIIY | 161 4 peel 21399137 |
$8°96 ¥ ol YA A ' 8696 95 811 28221 u PRy $3503Y
00°69¢ | Ob88e 0t°88¢ 00769¢ 0% 88¢ 07 88¢ -3k [9A87 J978M @dRA[TEYL
887 59% | ¥R 208 897118 86°59% 96506 26°118 T3 [eA0T Joyey {TE] PTOH
, 00°0LY 007208 00°22¢ 00°0Lb 00°7L08 00622 B ST (94D JoBy 2YRIN]
f £2°6 1388 1£°8 0Z6 788 198 - THLY JUITIIEY
ﬂ _ . , 0380 JofeR 1
m T J-ose) | 4-958) | y-98¢) AC0SE) | g-495e) V-ost)
! SyJemoy L Avtoedey oJetiy Tnoqlia A119ede) eged)s 0314 11u] || :
proN 0dJop [onmey JO 03ROY [EDIMOUOIT JOJ ApNl1S  £-g 2Iqel

2

o



|
{07 0+9L180°0)/(E) J=(V)| VIS SOP°S | 1B IOV'E | €9B°00F“E | 9L0°10¥°C | COPCIGH‘C | $23°70¥°C | $SA pung pIy AJesseday (J
{1070+¥L18070)/(9)| 08¢ 6¢6 £20°586 025 186 | LLI“6Y6 100°9%6 | #89°.86 $80 1500 JUOWISIAUL [qBIIIISRL (2
L8L°%Y 8bb ey 081°gy | GL6'2 AU ¥a0 ey $31 (2-0)-(2) : 350D - 31joudg
Y2L'L1E- | §9S'L1E~ | 00§°LIE- I BTSCLIS- | 6BSLIE~ | ¥TH°LIS- $si (1-0)=(q) : 380) - 313900g (P
066°1 ¥R6L | 8261 a6l {696°1 885" 1 | (2-0)/{8): o13BE 350D 31joueg
691270 291270 §s12°0  2sITD ¥iz0 | Ig1zt0 t(1-0)/{8): o[1®y 350) 313eWAg (O
1500 AJ0A09) {elldeD "ox0| LZZPP . 9917V el ‘¥ £01 ‘i bLOF 866 cy $52 (2-2) 380 [enULY [E30]
1500 ATOA0DDI Te3lde) ~[ORT) 8EL°C0Y | BLICCOY | §8L°BOY | 16S‘HDY SSECp0p | APO‘SOP $51 {(1-3) 150) (encuy [Ei0]
¥L180°0 000" ¥ ;0001 000°1 000°1 0001 000°1 % ISP K RO
={1-06.(80"0+1)} bL1°8 pL1'8 bLl*8 w18 LIRSS A % J8D 190398 A0A008Y (E3IdE)
/05.(8070+1)80°0=4%) ﬁ ! | 180) (p
W ,m _ : :
71088 p19°L8 £82°48 1 AL0°L8 | 98.798 £20°93 8 (%) 31JoUag [mnUTY [230]
§21°LL 6EL 9L 80P°9L  tgOTTL L T16°SL £91°8L 8 AT JO 31J0Udg
638°01 . 8L801 | 62801 848701 $L8°01 198701 $sn MR JO 31j0U8g
29070 129070 | 29070 29070 290°¢ 2900 UHA/$50 onles GHY
¥ 9yl b oyl LAk 141 b gkl b 9p1 b bl w7682 onfeA MY
6°¢52°1 LLggtl LA 1°622°1 byaz’l AL AN LIV A3J0ug 241199333
PrL S bl £T¥L £ bl £°¥L A7) 3 Id3n) 81109113
(34 B'F [ %4 | 6°F [ 9874 i6'F ! o K3zouyg 0ATY09]]d Jo Jo3oef SSOT
62 6% 62 162 6°2 1672 { & INCINQ 0AI0833F JO JOJOBY SSOT
_ m 3139m97 (9
1
8e"¢ [ 65°¢ Al Sah A Ch'g THA/$30 4% J9d 3500 UOTIO0J35T) (Q
CepiLl 82281 9.081 Y5y 61 88661 29013 w/$50 | A1 Jod 350D UOTIONIISTO] (®
. Xapa] ﬁﬁowﬂonoum.mm
0011003509 m i w “
FUTJnp 1S0JUT C[OX9 p6922YY | HO99IP'Y ! 28ZZIPY | 2STOIYE | BOPILOP'Y | LO6°GEC'Y @ 4SO (¥) 150) UOTIINJISEO) |
i 0°80¢°Y 871081 675621 ¥"268°1 5821 82’1 LLE ToI3onpedd AJasty [enUmy
NG BT (SABPCLE)NL| ¥ 98 L 798 A €98 £r9¢ Ll nding Ly
T01JRJERAS Jeod SJYZT) 479l §' 0L §-oL 878 8L CFTOL Lt 1nd1n0 Feod IS
L°gsg £ e | e-1g2 L7922 5022 } 67807 o | }ndin) EMRIXER
L ees0 02£°0 1 90270 0080 26270 LTT0 sas/em | 922RYIST( TIMINRR
2017211 600°211 1837111 0L8° 111 IXTA AN P9 1Tl | W Pedy 9A110933
98781 L 987 S1T 957511 95" 5(1 95§11 98611 u peay SS0J
0t 880 0F°88¢ 0v'8Re | 04882 ob-R8L | 0p788e 13 19497 S91%H 30{IND
96°£05 967208 96°60¢ | 967608 !96°505 96°808 ., W 1037 Jojey JURL PEOH
i 00°L0¢ 007206 1 00°L0S 00°L08 | 00°L08 007208 Lo I [9AQT JOYRY aYe3U]
| 28°8 1208 128°8 2¢°8 Ze's 288 A I BOJY juemynle) |
_ ; _ _ aanjeay JoCB* I}
O {WCET 0 998/ TUOZE ¢ 9es/u0(, ‘0; 995/ CUG)E "Of 295/ CHZRZ 0] 995/ ¢8LIZ 0
L SRJETDD W 032RGYS T JanOd @n@IXeh Co3ran _ wal ]
0N 9340, 79NUBY JO 53JBUISI( J932y WnmId) IO Anpls  ZI-8 °fqe]

o



PR TVIO0 T P00 w00 (P10 (P00 (41070 [eieyT (4100 (S0 400 00 T80 A0 e 3 ] 8.95%8.98?;:4_
, v f W ﬁ m ! ! ; ! %9 19995 JUURRIOFTIN 20 3R |
I | ! . i
povett G 228TT 1 90STT eVl 0T 2SETL | WP STETT LL6TT [®ASTT | #08°1 [e8Stl |68 |e62l lepzet | 2E VTR OvEeRSTO_(Z0LSY O/ QY |
,‘ ; 7 ! | r , i | A _
_ _ W ! ! _ | ” SI0K W04 w
68L°1 | ERLT O ERLT | BRLTY _%....ﬂ _%._..H 88471 68270 lemTU emLCL | GRLTL | E®AT TeRLTL |BRLTT eS8t | o | 68L"L=MEY |
h ' ’ N ﬁ _ 1
1500 '©50°0  1£50°0  1£S0°C  1£S0°0  (£50°0  |€50°0  |§S0°0 95070 600  [550%0  |£S0°0  |gset0  (£50%0  |esoro | ew £50°0u307
4, ﬁ ﬁ A, ! : _ m f ey Jo3ng |
| H . i i
{BOVD {SOVTD (66270 | MO 'GRE'0 IVBETD 0BT S4E°0 LMD |SSE'0 | 09ET0  I48E°0  6¥D | WA'D  |86EO _ & YT/ 06%5" 0_{L0LEY " O/ =034
| : ; | _ | #|a0009 Yoo[g Jogony
196070 S50°0 %800 | 480°0  |£50°0 | ZS0°0  [280°0 (100 (0500 (0500 (W00 [#0°0 | LW0 00 | 900 1OIR o 0°0MG 01 {05 04P)H(SE 0P Hr O gg (ST (4GS
| , _ 4 ! | . M0 ITPPYS |
0037 {O6L'T | ORL'T 0T 09477 (08LTZ OWCZ 0BT lomez lOwZ io0e'? o069tz ootz losotz |oesz i ow | 570807122/ 1{{570+0" T45E™ TG 04SC " T40) J22A
,_ , _, 2UTT AAYSUBY JO WOTIRAWSXY XOOR
08T 0RLT |0BLT |OWE 07 | O0SLT | OWUR (emZ jomZ o2 |0wz 06877 ®STTW9'E {09972 ex , 57080" TaG/1{(§"0H0" 88" T+EH(S " 0+SE " T+0} J=334,
| ﬁ _ | , | ﬁ_ 27] F0IIG JO VOTUATING DORR)
b | i i \
L2070 L0070 (69070 (4900 199070 [B0%0 790°0 | 180%0 '650°0  |8S0°0 | 98070 |80t UES0T® lIS0T0 | osete 1 90" Ix08"Le80" 08 {00 0+D)=K  “APOIETI JO IUATEA
leo'0 1o |90 |90 0 %00 |00 |%00°0  |900°0 _ 900°0 1 900°0 (9000  [000°0  [900°0 | 900°0 u ®00"0=4  8d1J A0 JO SSDPTIL
| ,_ 7( 7 | ! L (3730 3¢ 3o05TRY JO SOTIF3TND)
| . - + . -
| 9 69 ) T 3 [} S s T _E_ 604 L 74 47 LC L EITY RS
|
ﬁs.o 50070 10070 30070 _ms.o 0T0"0 | TI0%0 | $10°0  jS10°0  [%10°0  lozoto wRote 100 [£20°C ! 6£0°0 [ MLaTI g 6=By  tdomdg 5507
, W | | | ,‘ D010 0} onp ARIOUY/JaN0] S5O)
! ; ; ; : |
| BO¥0Q°G | 05¥00°0 v 07500°0 | 06S00'0 | 1900°0 |S3400°0 | 8480070 [9001C°C |09110°0 |@CI0°0 | 09510°C | I7RI0°0 |SBLZ0G [ 5167070 0600 | ¥ (2)/2 (088" T.0/2. WG V21 )20 |
i | , , JUIRIOSY) J° PYOR ESO] WIIIL
1 | | h
LOZI0T0 | 021070 _ons 0 10200°0 | OZI0°C | 0ZI0°D | 0Z10°0 0210°0 1021070 | 0210°0 | 0ZI0°0 | OZ0°0 {02100 {0ZW0TO | 021070 U ST (S Telsuag
_ i | | w ,W , ; JO JUOTIYJ 000 SOOGS0 S IUTUTR
H | | . .
foaL's  losLs _ oo’y |esue |oate  |os's oou'®  |ooL'® losu'e ose'® joSu's  OSM'R | DOL'S 10SM'8 | 0SL'8 | ST 31 WY JeG JMOH .Epaa&_
| i | ' .
(W90 149%0 4870 41970 _E.o 490  |L49°0  LLL9t0 [ AL9T0 | ALOTO | LAOTO [ 420°0 (4970 [LL9°0 | L9%0 (wnely Jod *Jay) Rl : O Jo LRI
 TVELGL"O | TVEL6T0 | TVELGI'D | TVELEL0 | TVELGT™O | TVEL6T'O | TVELGT O | ZHELGTC | TVELI™O | TVEL6T™O | TVELET'C | ZVELGT'0 | 2WELGY°0 | TYELET O | TIELEI'0 | d0s/5u (S98/80°EL) AIIwQOST( Jowdg ATRIAY)
?o.a. £ (W W 4 807 lBOIL  |S0mL [0 |$0°ZL | S0°ZL | €0°BA | E0°ZL | §0°ZL  E0°ZL | DO°ZL  Wpes/pw SEIVOET] JMog TVrY|
jOT6'0 |otsro otete Lotsto o1gto 7 018'0 | O1g*0 | OISTH | O0I8'0 QIS [OIL°0 L OIS'G . ofc0 01L0 | o0Igt0 | des/ix Rz HUMRSTE UTIRINTHD PRV
momv.o GF0 w0 [0ZF 0 - 0F 0 HOOFTT 88D Awm._u Al A L] _s”.c EX 0 | . :
1 H H I 1
” _ (ORI e T B ] ]
, j
(Z/1) adid ¥0035Ue4 jo Jajewel( Jouw] wnmildy Jo Apm§  S1-8 9IqEl

et}

H32_



_ T Y T [k _sn.v: [ W T L TR TWEST _ _%Jaﬂlild-ﬁ._llié T T ‘-aadlwll..lnﬁdﬂl
o | o | R | | | |
| 7.!4 nw ___._... CL I _u.s fdr kW wey (nm imn [ea Poems Leoe Ta.- e m!._. w0 e | ove | wwr st et loew | s T___: tarwr v | e oo v A O ey (5
_ | | _ . : ! ! _ : i | : o R IC.SJI:Q_
| A, ww _ _L.,.-h _ e |- YT (R w'ig ﬁ f_q.sﬂ ) ol _ (% ] 497081 'l W e ! - [ ] L] VO JF Dy wY(e)
| ! o ,m o |
_ W,B—a wov | T mus.- m 0 Ay | uktt 9T | e L2 BEE e | | ot D EW's | 1T sive | MY a0 | xos'T [ 3 T o e | ust o't | omy =D | DWW uo'e | wr L. gy g Ilj
i ; ! . | _ _ A T H 4 W Y
_ i Tss [wes 'y oo | oy owe i 1oy Ts.o 7 sty "o w00 oo m L] @y _l" :.pailll.zb
_ L m m | m _ { ! m #, i ) 11 sy Ty
| _ ! H W I ! m | ! W m _ m
m wE P al'on awl 10791 {01 T ami ! | o ﬁ o'm L] e LIk ] & L 1 “a ﬁ (o L aH w3 1.I.L
P | marre wiee nim's i i i W Wi wio's wisp oo [ s Wi o | misets T apr e

7 frm———" 0D | wewn 0001070 L] o0l w0y 1% o0n0‘t v [T £o0I9* } oo L] Woaas oeohe’d L1 oty w _ STRRY Y
I el w10 T.l.._ 0 wine [ win o ey | Ch wmon “:_ss o | T:s.o w LT3 iy wie | _ AR TIErL
“ | ! , , ! _ , ! I M) Oy iy £y avjony Amamay TR
b I . I h \ , [ | \
| | ! i ' m
ﬁ =M [L: o] | = Wit ®i" -t F- i LR | et (1] 501 ".:3 wﬁ.— a e m “ _ {rp{t(me(1) p mRay (9
| | ] | | | i ..
i 1 o I ) ™ o la _o ™ mo " T a s a 1 | v | | " 1 w " y A m-.:“ Omiri) MeTEY)
! ! . ! : _ " ! i ' { : i I
| wen oy i m ur Lo Y = | w I T T T T I P PO DI S P it |m | Wy w 7 n Yy wiiesmr)
! Eo “ L _ | : ,ﬁ : ! !
W LR T S e mf =) mh._ Luso | v e P . sy jr o e E.LH T W e |mc fomon W s WD | weee | ot W ' *, )y pr—).
| | o] | | e m oL
W = W - _ o _ L] [ L] I a Uy L} LT [ L] i 1 o ol f [ L] L] o! = 0 “ w (13 ¢ Tei-an
[ e | » | _,0 w L] w 1 o | o 1 T. 1 - " » 1 » ' » 1 L ' _5_ < v T
W n e |n vy _u iy fa we (B wee | T_o.g w megn ne A ties _5 we (9 eew | tee | me 0 fen 1 o | oo _ )y Ay .
W i® L o _8 m.s._ - il W e w8 e N R P w s =i (W & s o [ e | w lor ,_.1 oy amy |
I - et [w ﬂ!._ |» [ . W mn W e “- (. e om n _l o (. wn e w'l AR L SRR Y R “: P e ueve m
7 et fa we la lme |a e a0 - f._ ‘e |al =0 |4 % |4 ma'y mt w0 |0 wme fal =0 _t Wy 4 T..u.._ 4 Tm o sty i |
_ @ e m me | m.n.. T L P Y P (VN I e e [wes |wr [wes (o e [ leen fon jwee (w1 e ! 71 yrsy oty sopar m
m N iweo | Y e | a1 W | a s | p _ﬂ.o ” o jn ™o o0 f. losoo ot jeww o aee lu s (w0 laew w W | e T, numa; uree |
| _s_ Mi.u ] W o Wl | [ s [ | len T IR 7! LT Tow | m de L fomT | fadt | T.... L3 T.W oy vy m
“ 'a joz | = W im wrm wT = wr |m wt |z mr(m s |m :!..‘,n _or4 L ouT T oy mz o w: mz.... LI L U,n.m wrre—g - |
! ) f m _ _ ! | | ! | | _ ! : : D Vo semra )|
ﬂ _ W W , | “ h \ ﬁ | " _ ] | ' | W ! _ | i | i e.alu!...s.“.m
| _:E_ ,i: | T :EJI.:..llialmlljﬁuw _a.a: | _ _ T _ (L R L _ie_ T O :
| — mi_;uill,,:vi_..ufn.l.w;,ii_C il__ﬂ.n_il:r.ﬁil.__..u_ A | v |2 i_.u_.imuh_i‘_;_im.u .sl_..- :5.3_.3 - i
! e L S i L 4 " ™ ?lmlﬂ.ﬁlilﬁjlgy-llﬂﬂttlulsﬁax L5 [ ,

L .

(2/2) T4 X20USU{ JO Joyadv]] Jouu| wnaridp Jo Lprgg  g1-g AYqUL

__33._.



ey

—

Table 8-16 Optimum Development Plan of Manuel Jorg No.4 Project

[tem

LR - L

(=
.

10.

11,

12,

Catchment Area

Intake Water Level
Head Tank Water Level
Outlet Water Level

5. Gross Head

Effective Nead

. Power Discharge
Maximum Discharge
Peak Firm Discharge
Firm Discharge

. Power Output
Maximum Qutput
Firm Peak Qutput
Firm Output

. Annual Energy Production

Power structure

Intake Dam (LXH)

Headrace Channel (L XB}
Slop of Headrace Channel
Head Tank Storage Capacity
Penstock (@ XL)

Electromechanical Equipment
Type of Turbine

Installed Capacity of Turbine
Type of Generator

Installed Capacity of Generator
Transmission Line {kVXkm)

Construction Period

 Remarks |

Unit bescri{;{i;);m
ka2 8.32
EL.m 507.00
El..m 503.96
EL.m 388.4
n 115.56
m 109,17
m3/s 0.310
n3/s 0.110
nd/s 0.055
kW 230
k¥ 73.1
kW 35.9
M¥h 1,252.6
i i1.0x2.0
[ 1,150%0.57
1/500
m3 2,400
A 0.334x225.6
€ross flow
k¥ 253
3-phase synchronous
kVA 290
km 30kVx5.5 lect
year |

Minus 2m of F.¥.L

Hg-H.T.W.L-T.W.1

Qf % 24/12hrs
Qf: 97% Firm{355days)

12hrs X QF x 3,600sec
Maximum v= 2.54m/s




100/ () ={vi  ZanTReR 7 T _ r
1430 0rL Ta0 Q) A 007 T =00 o7 | I 1 ; 50 Pung 1V AdUssavey
110 °0) /<H) 1 Boy 2L | ) )
(10 Qe LLR00) /() [ | " T T Vo Sdewindad] A1 LIeen] )
: ' | [} i
,..:“m..ﬁm i EHACT | vk v 350 (Z D) ae0D=atjouny |
KO G4p- | &51 TPHG- 1 '
LEG T 9E= | | EANAES | b Hok= FEh T1 D) s5u)-3 | Jouoy
Gl b | 3L ¥ !
Lib ® ! gl KN | (270 (H) winey 150y A aleg
| Wb 0 LELK¢ ] |
K] A i 05v 0 i (U7 () _o11ey 1su3 i1 jauey
10671 Qg | T
[EC (Rl i (T WAN 4G 1aGy UGl 1ondisuy
[ CCh 1
atn't QZ0 8 ! LA o [T T Y ded 1507 WONJaL1u)
_ | Xapu [ | RO TwGU0dE "k
i !
i ! [ i "1 T 1 1 PO lddg dwlsondlsue] &
WL W9l TGRS HRA G | REV %00 P | Ohd PEO L | 6HL 016 01 | HoC SLL 9 | DZL ORb 7 | 698 9ZR 'S | PAL WHN L+ &80 | 1500 U 110041405 01
)
) o0 K] T &0 ) EH Y ] (VIO R VAN) wul; VDTS TWeuel]
oo 1 L 114 1000 [ ol [ B0 VAN doi0ands) JO A1|owany pellwasd ]
| | ACIRLSUSY ju BGAL
i I Py | L% ohE borh 199 11 M W Qulgun] gu Kiioeden pal(eisu]
1 [ YN T Ty ¥y A Y I oYL TolTe Tl log & Uvil% BUTQANL JO oUR ]
1 i ] = A8 = = TARWG 1 ND3 _S_rﬂg.ﬂ.gl.:_
' | i |
§ | 0'QiXGH'0l 0°0ixL0 - 1 D ulxsy 0 00LXL0 - 0°GxL0 w [CERNIEEIEN
! 10040 X SRUMDGZZX L O[0 GLIX L 0 10 OFEXER'QQ D22 XL'0] Q'9Re XD 0'iCY k u L1X ) Auisiad
Y | O SexXl el 'SEX0 3l 0'Px0 0L PORIX0 O EER DU 0RIL R B X AL B w TA X 1y 7uel pusH
| ! IEXEITA - - [EEXE TN - = i - w (A7) [AuUdwy) 1oL
! : | - - BU> 008 1 b'0X0M K OX0LM[ ®'NX0N50 L EATTM] w (1) Tauuky) a367pusy
i | 1 G x0s - uZ o x07 I - Ga L T (HXT) ww oRwiu]
{ ! I | | | T FANIINA4S <PMOg O}
v 16 0LF 0 | 000l | ! ! !
! 1005ty { 05% & QLY 0cl T 0 GoF Y TO0F [ e L ] TS Pfodg ~fdadg [ GNUUY o
P | P I | R i
KT G ubl L ERYH G . 0 HRBG oM ATy uley
O 00y [T 0049 by Obh [ MGG LXK
i i t.‘EF:O LT
: !
e L Y I T 0 Toe G 1o - A TS PEABLISI] WAy
D SRBPOE = X Jo= v - il %L 0 10 | = 1 KT C SJEW SAAUYDS 1] W IR
i | | v FOAGULE L] APm ]
09 0N 1L L 0L wlE |
PN 00 90! 0€ L0l ' Q0 " LES QUK 1 O% "E01 PRol dalidai]d G
O Ohl 09 gLt 09011 ) 0y Ol L H T =78 L7H) PReH ws0d9 78
06 081 ¢ )
I - U HIYT 00 W10 ! = U0 RLT 00 ek [#407 Ja18g 15[IRG 'y
| hd 09 WOl 09 HEY ! - Q4 oY | 00 NPy \94S7 ATy JURL PHSH 'Y
[ - [ENH [T | - 00 '0ny o0 ony T oy e AT ddiey SYRIU] G
; "
- Hh Y - 1 - KN ) - _ - AdRANQTL
hd inin P Ale ' - 101’0 0l & 0L n dedaiy TR
- PR Lol s ! - VK] ‘0L ) Ridy Tustilaibg
T L] L (VL] : =] @il
ALy [ REEEY) i FEEECE) asey |

SaBaY0S 10sLAOTsAO( ISATY APUQY IO 25%) 2ATID0dS9Y  1-3 2IQvl




&

Tadle 8-13  Feononical Comparision of Cosdincd Abade Riner Developsenl Schemes

{tea [§14
| . . Case A
1.¥aJor Feature
Catchacal Area kn? 9.10
fotske ¥aler Lavel (No.§ B/5) fl.a 551,50
atske ¥ater Lavel (Xo.2 P/S) Il -
Fead Tark ¥ater Level (%o, P/S) IL.a £43.00
Bead Tark Waler Level (No.2 P/S} Il.a -
Tallrace Water Level {No.1 P/5) FL.a 375.00
fallrace Water level {¥o.2 P/3) EL.a -
Totel fioss Head » 173.09
Total Effective Head ] 167.69
Yaxiwis Pisckarge (Ko.1) 8358 LT8)
Manlz:m Pischarge (Ne.2) w3/ sec B
Firs Bischarge (%a.1) 3/ sec ]
Fira Discharge (%a.2) wlfsec
Maxlwm Qutgnb (Na.1) k¥ 819
Maxiwa Qutput (¥2.2) 114 -
Total Naximum Ouipul k¥ 513
Fira Output (¥o.1) ki 258.6
Fira Qutput (%c.2) [ -
Total Fire Gulput ky 298.8
Tota) Anroal Eeergy Producifcn ¥oh 4,850
Constructicn Cost {A} (B3 7,888,754
2 Econceleal [ndex
a) Corstructlon Cost per k¥ 6547k 3,15
b) {oustruction Cost pes kW U5$/k%s 1.63
¢} Benafit
Loss Factor of Effective Duipet |1 3.7
Losa Facter of E£ffective Loergy 1 5.1
Effeziive Oulput o 251.%
Fffective Erergy N 4,573.8
kY ¥alue Li§/xN 145.23
kith Value CS5/%Wh 0.062
Berefit of k¥ % 41,761
Bzcelit of kwh (B3] 243,560
Tolal Anpusl Benefit (B) 231 325,321
d) Cost
Capltal Bet¢overy Factor: CRF 1 B.174
0L YXCost 1 1.000
Igtal Annual Cost (C-1) &2 723,715
Total Arnueal Cest (C-2) Lss 78,538
¢} Benefit Cost Ratlo :(B}/(C-1) 0.456
Berefit Cost Ratfo :(8)/{C-2) 4.124
d) Bezafit - Cost : (B)-(C-1) B3] -398, 394
Benel{t - Cost : (B}-(C-2) 6 243,4M
e} Justifiatle luvestwnd Cost B3] 3,546,122
T} Necessary Ald Turd [ 4,342,642

. Case B - Case C ] Eeaarks
(B-1)3(8-2) | (B-1)r(B-2') | (C-13C-2) | {C-1iC-2°) [
9.19 13.06 9.13 12,15
551.50 551.50 511,40 511,50
430,00 430.60 42560 128,80
£13.40 545.00 538. % £08.%0
473,60 128.60 128.60 423.€0
430,00 430.00 438.60 428,50
J13.00 318,60 318.00 J1E.CO
.00 230.00 1%.90 150,90 A.T.%.L-T.¥.L
721.00 219.79 181,92 180,60
0.780 0.780 0.782 0.730
0.783 B 120 0.780 1.120
0.9 0.259 0.%61 0.851
9.259 0.372 0.2451 0.374
=] £10 3% 3%0
600 830 1] 850
1,24 1,450 L4 1,240
203.2 203.2 118.3 $18.3 (7K (355day5) Firm Quiput
19%.3 273.5 i52.5 6.0
jac | 475.7 138 3.3
§,400 7,700 5, k50 6,470
10,316,789 12,001,927 7,763,178 9,684,505 jexc). Fotecest during
Constructicn
3,320 8,055 7,842 7,810
1.61 1.55 1.51 1.50
17 3.1 37 3
5.7 5.7 5.7 5.7
379.4 459.1 299.3 ki N |
§,035.2 T.E81.1 4,636,5 &, 1342
145.23 145.23 145,23 143.73
0.062 0.062 0.082 0.062
55,103 £5,870 43,487 £5,145
374,182 450,153 301,100 378,215
429,265 £15,5858 344,567 413,420
CRE=0.08(140.08) 750/
3114 8174 EREE 8.174 £(160.08)750-1}=
1.000 1.004 1.000 1.0 $.08174
916,462 1,101,057 712,14 858,438 iInel. Capital recovery coslt
103,168 120,018 77,632 %, 813 lexcl. Capital recovery cost
0.454 0,489 0.484 0.438
4.161 4.305 4.433 4.473%
-§17,178 584,149 -3617,627 -435,013
328,118 39,838 266,936 335,517
4,614,375 5,633,511 3,755, 841 4,724,413 [(B) /(6.0817420.91}
5,837,414 6,367,986 4,007,267 4,958,562 [{a)-((B}/(0.08114+0.01)}
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) IP/H access road

9,623 | 8% of Direct Cost
905 | 5% of Direct Cost
110% of Birect Cost

Table 11-1
[tem Amount
A.Preparetion Works 138,379
.Civil Works
1.Intake Dame 121,881
2.5cdimentation Basin 74,584
3 licadrace Channel 617,311
| 4.Hlead Tank L 693,962
“5.Penstock and Spillway 99, 398
6. Powerhouse 354,178 |
7.1ntake & Channel for Local 93,437
8.Disposal Area B 41,998
__Sub-total _.. 1,976,751 |
C. Hydraullc Equ1pment . o
_1.Trashraks - 13,050
Z.bates | __ 29,396 |
3.Penstock | 136,800
~ Sub-total 179,246
D.Electronechanical Equipment | |
| 1.Turbine and Generator 925,800
 2.Transmission Line D 311,300
Sub-lotal 1,238,100 |
E.Project Controlling | |
1.Engineering Fee | 720,000 |
| 2.Administration Cost | 60,000
__ Sub-total 786,000
F.Physical Contingency e
_1.Preparation Works | 13,838
| 2.Civil Works R 197,675
| 3.Hydraulic Equipment 89,623
4.Electromechanical Equipment 61,905
| 5.Project Controlling 18,000
__ Sub-total =~ 441,041
_. _Total (Project Cost) | __ 4,753,516

__37“.

Estimated Construction Cost of Munuel Jorge No.4

_ Unit:US$

~ Remarks

10 % of Excavation

10% of Direct Cost
10% of Direct Cost

4,754, 000US$




Table 132 Summary of Potential Socie-cconomic Environmentat Impacls

and Their Preventions and Mitigations

Socio-cconomic

Environmental Factors

Potential

Impacts

Remarks
( Description of the poteatial impacts and measurcs

to prevent/mitigate the impacis )

1. Resetilement of villagers
(1) Reservoir arca

(2) Water reduction area

B D

No villagers are living in the reservoir area,

No villagers are living in the water reduction arca.

2. Industrics
(1) Agriculture
13} Project area

2) Downstream area

{2) Forcstry

{3) Fishery

{4) Manufacturing / mining
{(5) Tertiary industry

(handcrafl, tourism, elc.)

>

> D>D>D

The routes and space for construction of headrace
channel and headtank will need some land and 1o cut

some plantation trees. Compensation will be needed.

No impacts will be incurred to the downstrcam area.

Only a few {recs would be cut.
No fishes are existing in the river.
No manufacturing or mining industry is existing.

No such industry is existing.

3. Transporlation

>

Impact of construction of an access road is moderate

and will improve transportation network of this arca.

4. Other infrastructure
(1) Education
(2) Public health

(3) Cultural assets

>

No school is existing in the project area.
No water born discase could be induced due to very
smal scale of the reservoir.

No cultural assels are existing in the project area,

5. Water utilization
(1) Project arca amd its

vicinily

(2) Downstream area

The villages such as Milagrosa and Santa Clara arc
using the river water for drinking and plantation.
Prior agreement between EMAE and the villagers for
reasonable sharing of the river water must be
achicved.

Water quality of the discharge water from
powerhouse shall be kept acceptable by preventing
leakage of oil and othcr substances.

(Legend) @ :Significantimpact O

: Moderate impact

A : Negligible or no impact
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Table 13-3  Summary of Pefeatial Natural Envirenmenial Impacis
and Their Preventions and Mitigations

Natural Potential Remarks
Environmental Factors Impacis { Description of the potential impacis and measures
to prevent/mitigate the impacts )
1. Topography -
{1) Scdimentation in reservoir A Upstream of the reservoir is rich in forest and
therefore the soil condition is stable.
{2) Impact on downslream A Scale of the project is very small and therefore the
waterway impact to downstream is negligiblc.
(3) Impact to coaslal area A No dircet impact due to existing of Gue Gue power
station.
2. Soil condition
(1) Slope collapse O Measures must be taken to prevent slope collapse
along the routes of headrace and penstock.
(2) Suil crosion A Walter leakage from headrace must be avoid to
prevent soil erosion along iis route,
3. River water
(1) Change in water system FAY No change to water way,
(2) Impact to watcr quality O Impact can be avoided by good maintenance of the
powerhouse.
4. Biosphere
{1} Impact to flora A fmpact is negligible due to small scale of the project.
(2) Imipact to Fauna A fmpact is negligible due to small scale of the project.
(3) Impact to aquaic A No valvable aquatic organisms are existing in the
organisms project area.
(4) Impact to protecied A No such flota and fauna are existing.
Mvaluable flora and fauna _ .
5. Impact on national and
natural parks Fa No such parks are existing.
6. Atmosphere
(1) Air polution during O Mecasures must be laken to mitigate dust genetation.
conslruction
(2) Offensive odors A No offensive odors will be generated.
7. Noise and vibration O Measures must be taken to miligate the noise and

vibration to be occured during construction and plant

opesalion.

(legend) @ :Significantimpact O

: Moderale impact

A Negligible or no impact

__39_.



Tablel4-1  Economical Evaluation
ftem Unit Optimal Remarks
Case
Maximun Output kW 230
Finm Peak Cutput kW 76.5 |12hes peak genceration
Firm Qutput kv 36.4 |97%(355days) Firm Gutput
Annual Energy Production MWh 1,253
Construction Cost (A) Uss 4,753,517 |excl. Interest during
Construction
2. Economical Index
a) Construction Cost per kW USSAW 20,667
b) construction Cost per kWh USS/kWh 3.79
c) Benefit
Loss Factor of Effective Output %o 2.9
Loss Factor of Effective Energy % 4.9
Effective Qutput kW 353
Effective Encrgy Mwh 1,191.2
kW Value USS/kW 146.4
kWh Value USS/kWh 0.062
Benefirt of kW USS 5,174
Benefit of kWh Uss 73,856
Total Annuat Benefit (B) Us3 79,030
d) Cost CRF=0.08(1+0.08)50/
Capita Recovery Factor : CRF % 8.174 [{(1-0.08)~50-1}=0.08174
O & M Cost % 1.000
Total Annual Cost (C-1) Uss 436,088 [incl. Capital recovery cost
Total Annual Cost (C-2) USss 47,535 |excl. Capital recovery cost
¢) Benefil Cost Ratio : (B) f(C-1) 0.181
Benefit Coct Ratio : (B) /(C-2) 1.663
d) Benefit - Cost : (B)-(C-1) Uss -357,057
Benrefit - Cost : (B)-(C-2) US3 31,495
e) Justifiable Investment Cost USS 861,459 |(B)/(0.0874)-0.01)
f) Necessary Aid Fund Uss$ 3,892,058 [(A)-{{B)/(0.08174-0.01}}

-— 40._.
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