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PREFACE

The Government of Japan, in response to the request of the Government of
the Republic of Costa Rica, agreed to conduct a feasibility study of Guayabo Hydro-
power Project and a pre-feasibility study of Siquirres Hydro-power Project which
were selected from the master plan on both Reventazon river and Pacuare river,
The Government of Japan entrusted this study to the Japan International Cooperation
Agency (JICA).

The Agency, in consideration of the importance of the eleciric power situation

of the Republic of Costa Rica in relation to the social and economic development of
the country, dispatched a mission of six membhers headed by Mr. Mitsuharu Sato
(Electric Power Development Co., Ltd.) to the Republic of Costa Rica for a period
of forty-five (45) days from August 15, to September 28, 1977. The mission,
carried out field investigations with the cooperation of government agencies of the
Republic of Costa Rica and on returning to Japan, examined the data collected in
the country and the results of field reconnaissance to prepare this Report.

It would be truly rewarding if this Report is to contribute to the electric
power development of the Republic of Costa Rica and hence to the prosperity of the
country's society and economy, to enhancing the economic relation between the

Republic of Costa Rica and Japan, to further deepen the friendship and goodwill
between the two countries.

In closing, I express my deep appreciation to the members of the mission for
their efforts, and sincerely thanks to those persons concerned in the Government of

Costa Rica and in the Instituto Costarricense de Electricidad (ICE), the agency
directly concerned with accommodating the mission, the members of the Japanese
Imbassy in the Republic of Costa Rica, the Ministry of Foreign Affairs, and the
Ministry of International Trade and Industry of the Government of Japan for their
assistance in dispatching of the mission.

March, 1878 %

Shinsaku Hogen
President,
Japan International Cooperation Agency



Letter of Transmittal

Mr. Shinsaku Hogen
President,
Japan International Cooperation Agency

Dear Mr. Shinsaku Hogen:

We submit for your attention our report on both feasibility study of Guayabo
hydro-power project along Reventazon river and pre-feasibility study of Siquirres
hydro-power project along Pacuare river in the Republic of Costa Rica. A result
of the study is described in detail in the Report, and an appendix is attached to it
for the basic data and a technical memorandum which was made during the survey
between an engineer of ICE and a leader of the survey team.

The survey team of six members made a field survey assisted by cooper-
ation of the Instituto Costarricense de Electricidad (ICE) during their 45 days
visit to the Republic of Costa Rica from 15th August 1977 to 28th September.

The team studied in Tokyo since their return to Japan and completed it in
March 1978,

It is ardently hoped that the report would be useful for the electric power
development in the Republic of Costa Rica in near future.

Hearty gratitude i{s expressed, on this occasion of submitting the Report, to
everyone who kindly rendered his valuable cooperation to the surveying activities
of the team.

Yours faithfully,

March, 1978 Survey Team for Guayabo
and Squirres Hydro-Power Projects

Mitsuharu Sato, Team Leader



Principal Features of Guayabo and Siquirres Projects

Calchment Avea
Dam

Type

Height x Crest Length

Volume.

Reservoir
Annuzal Inflow
Effective Storage
Capacity
Drawdown

[feadrace Tunnel

Power Plant
Instalied Capacity
Max. Power Discharge
Standard Effeé:t'we
Head

Firm Capacity
Transmission Line
Substation
Construction Cost

Generating

Facilities

Transmitting

Facilit%es

Total
Economics

Unit Energy Cost

Benefit Cost Ratio

Annual Surplus
Benefit

Guayabo Project
(Feasibility Study)

1,518 km?2

Combined Dam of

Gravel TPill and

Concrete Gravity

38.0 x 655.0m

(GI") {(CG)

564 x 1093, 198 x 103m3

4,046 x 106m3

3.29 x 1063

10.0m
6.5 x9,582mx1

180 MW
140 m3/sec

156 m

158 MW (Apr.) 180 MW(Dec.)
230 kV, 2 cct,
78 MVA x 3 units

60 ki

1,980 x 10% Colones
150 x 106 Colones
2,130 x 109 Colones

0.21 Colones/kWh
1.18

44.3 x 108 Colones

Sicuirres Project

(Pre-feasibility Study)

2,168 (1,518) km?

Concrete Gravity Dam

N

205.0 x 495,0 ~

2,640 x 103m3

5,306 (3,296) x 10013
430 x 106m3

G0.0m
G.0x2,780m x 2

310 MW
240 m3 /sec

154 m

267 MW(Apr) 310 MW (Dec.)
230 kv, 2 cet, 65 km
100 MVA X 4 units

3,480 x 105 Colones

260 x 105 Colones

3,740 x 108 Colones

0.24 Colones/kWh
1.25

106.0 x 108 Colones

(1 US dollar = 8.6 Colones)
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Fig.I-1-1  Map of Project Area
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CHAPTER 1 INTRODUCTION
11 BACKGROUND

The oil crisis of 1973 brought great changes to the world nations' energy
policies. The oil price has followed a trend of gradual rise since then and the
energy problem is yet an unsettled one, coupled with varjous evaluations of the
reserves of natural resources.

Developing countries-having no petroleum resources come under a heavy
influence from an extreme rise of the oil price and there are immeasurable blows
to their national economies.

Although the Republic of Costa Rica, a developing nation, has no petroleum
resources, it is rich in rainfalls and is a voleanic land; il is therefore expected
with high hopes to develop geothermal power and make more of hydraulic power.

The demand for electric power has been on the increase at an annual mean
rate of 8% in the Republic of Costa Rica in recent years. To meet this demand,
the counlry has supplied power to this date in the combination of hydroelectric and
thermal powers.

The country's potential water-power resources are estimated at 40 million
kW, of which 9 million kW resources are said to be feasible for power development.

However, only 4% of the feasible water-power resources have been so far
developed. Further, the power system of the Republic of Costa Rica is currently
forced to rely on thermal power, especially during the dry season which lasts for
5 months, because if lacks such hydro-power plants as those of sufficient storage
capacily to meel the demand in the drying season. To economize on thermal power
fuel, the couniry is promoting water-power and geo-thermal development.

The growth of power demand in future will depend upon the trend of economic
development in the Republic of Cosia Rica, and no abrupt change of the trend could
be forecasted at present because the new economic development programme (1978~
1982) is based on a policy to maintain the same rhythm of development as the past.
In other words, the growth of power demand for the future is supposedly as mild as
the present.

TFor the growth of power demand, ICE has been adding units to some existing
' power plants. In addition, ICE has been consiructing Arenal hydro-power plant
with a reservoir of big storage for which a natural lake is utilized, and an imple-
mentation of Corobici Project, imimediately downstream of the plant will follow
after it.

Tollowing the completion of Corobici Power Plant, it is estimated a new
electric power development will be necessary in the late 1980's.

In preparation for the demand, ICE has interested in a development of
Reventazon and Pacuare rivers as a result of a study on domestic potential re~
sources. In addition to if, ICE has been undertaking study and research programs
for the development of geo-thermal power.

The Report contains studies on both Guayabo Project of Reventazon river and
Siguirres Project of Pacuare river.
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1.2 HISTORY

(1) The government of the Republic of Costa Rica, with the aforementioned back~
ground, asked for the Japanese Government to render technical cooperation in
1976 in order to push forward her hydro-power development in Reventazon
river and Pacuare river. In acceptance of the request, the Japanese Govern
ment despatched two engineers, Kiyonori Sasahara and Toshio Enami, as the
Government's experts tothe site in Octaber, 1976, to carry out a preliminary
survey on the background of the technical cooperation request by the Costa
Rican Government, and field survey, data-collection, and survey plan in
future.

{2)  On the basis of the resulf from the survey, the Japanese Government decided
to exercise necessary technical cooperation with ICE to prepare a preliminary
master plan pertaining to the hydro-power development projects in Reventazon
river and Pacuare river, and despatched a Japanese Government expert,
Yutaka Narita, to the Republic of Costa Riea in June, 1977.

{3) The Japanese Government decided also to execute both a feasibility study of
Guayabo Project in Reventazon river and a prefeasibility study of Siquirres
Project in the down-stream of Pacuare river according to the aforementioned
preliminary master plan as a part of the technical cooperation, and entrusted
execution of those studies to the Japan International Cooperation Agency.

1.3 EXISTING REPORTS

1.3.1 Report of Basic Study

ICE was established in 1949 by the Government. They placed Angosfura run-
off gauging station in 1953 for the development of Reventazon river in 1958, and
Pacuare run-off gauging station for the development of Pacure river. Then, several
more gauging stations were additionally placed in the drainage basins of these two
rivers. In addition to compilation of the run—off data from these station, ICE pre-
pared reports on the basis of topographical maps of the areas and the geological
surveys. '

The existing reports, prepared by ICE, of hydrology and geology for Guayabo
Project are shown respectively in Chapter 3 and Chapter 4 of Part II in addition to
Appendix. '

In existing reports of hydrology and geology for Siquirres Project are shown
respectively in Chapter 2 of Part I in addition to Appendix.

1.3.2 Project Report

Based on the reports aforementioned, ICE prepared the following prelimi-
nary report on Guayabo Project, which does not refer to the timing of development.

Informe Preliminar Proyecto Hidroelectrico Guayabo

Documento de Trabajo 007-77
Departamento Programas de Generacion, Ago. 1977

I-2



With respect to Siquirres Project there exists no project report referring to
its very scheme such as the Guayaho Project report.

1.3.3 Master Plan

ICE conducted a nationwide inventory of potential hydro-power and compiled
a report. On the basis of this report, a report for a preliminary master plan was
made for the drainage basins of Reventazon and Pacuare river by Mr. Yutaka Narita,
an expert despatched to ICE by the Japan International Cooperation Agency.
{(see Chapter 5 of Part IIj.

1.3.4 Other Reports

ICE prepared by himself a number of reports on load-forecast studying the
development priority in addition to the existing aforementioned reports. The
report on the development priority is titled as follows:

Analisis para la Seleccion del Programa de Obras del SNI
Periodo 1979 - 1990, Documento de Trabajo 008-77;
Departamento de Programas de Generacion, ICE, Ago. 1977

This report recommends that Arenal Project, which is scheduled to be completed
in March, 1979, be followed by Corobici Project as the next one for implementation.

The report also recommends a geothermal power development as an appropriate
project to come after Corobici Project.

1.4 PURPOSE AND SCOPE OF THE REPORTY

ICE has conducted number of studies on both Guayabo and Siquirres Projects
as mentioned in the foregoing Section 1.3. The survey team discussed with engi-
neers of ICE in San Jose giving due considerations to them, and could define the
purpose and scope of the Report as [ollows.

1.4.1 Guayabo Project

(1) TFeasibility study on the Project will be conducted because comparatively
sufficient number of basic data were found for the study of a feasibility level.

(2) In other words, the feasibility of the Project will be clarified technically and
economically.

3 The Report will give ICE an information for their judgement whether or not

Guayabo Project will be adequate to follow after Corobici Project. However,
it will be out of the scope of the Report to make a study on comparison of
Project with alternative geothermal projects and other alternative hydro-
projects.

4 The purpose of the Project will be limited, as a result of field survey, to
power, generation
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1.4.2 Siquirres Project

(1 As a result of field survey, it was found that the existing basic data, es-
pecially geological data, was not sufficient yet for the study of feasibility
level. Pre-feasibility study will, therefore, be conducted.

(2) In other words, it will be recommended whether or not the Project could be
worthy of further study and to what extent the study could be made.

1.5 SURVEY ABROAD AND STUDY AT HOME

1.5.1 Field Survey

The [ield survey for the sake of feasibility study on Guayabo Project and
pre-feasibility study on Siquirres Project was carried out for 45 days between
August 15, 1977 and September 28.

The survey team was composed of the following six experts who fook in
charge of their own specialty: ' '

Team Leader : Mr. Mitsuharu Sato
Electrle Power Development Co., Lid.
Civil Engineer,

Mr. Ryuhei Oyama
Electric Power Development Co., Lid.
Electrical Engineer,

Mr. Kaname Hoshino
Electric Power Development Co., Ltd.
Civil Engineer,

Mr. Junnichi Tani

Electric Power Development Co., Ltd,
Civil Engineer,

Mr. Mamoru Yamada
Flectric Power Development Co., Ltd.
Geological Engineer,

Mr. Masahiro Yamamoto
Japan International Cooperation Agency
Coedinator

In the activities of the survey team for data collection and field survey,
their bases were San Jose, the capital c'ity, and Limon, an important port city
on the Atlantic coast.
Necessary data for the study on feasibility level concerning Guayabo
Project and those on pre-feasibility level concerning Siquirres Project, respective-
ly, were obtained.
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The data obtained through the field survey,data that were under preparation

by ICE, and matters of agreement are summarized in the Memorandum of Appendix
A"'].l

1.6.2 Counterpart

During the survey, Ing. Carlos Obregon Q. and Ing. Javier Villalobos T.
of ICE were coordinators for the survey team. They visited Japan to study two
Projecls together with the survey team as trainees of Japan International
Cooperation Agency staying for about a month in Japan from November 18, 1977.
In addition to them, Ing. Oldemar Ramirez, geological engineer, cooperated with
the team in the Republic of Costa Rica often visiting the sites.

15.3 Study at Home

The feasibility study on Guayabo Project and pre-feasibility study on
Siquirres Project were conducted immediately after the survey team returned to
Japan, from October 1977, to March 1978. During the report preparing period,
discussions on the study were made bebween the survey team and two above-
mentioned ICE engineers. Mr. Mitsuharu Sato, team leader, visited ICE in the
Republic of Costa Rica to attain final adjustment on the study showing the draft
report to them from February 24 to March 5, 1978.

1.6 BASIC DATA

Data required for the study such as demand [orecast data, geological maps,
topographycal maps, hydrological data and economical informations of the Republic
of Costa Rica, were obtained from or through ICE. These data available are referred
to in the Appendix A-1.

1.7 GENERAL AFFAIRS OF THE REPUBLIC OF COSTA RICA
(1) Geographical Features

The Republic of Costa Rica is situated in the isthmus of Central America and
is continuous to the Pacific Qcean and the Caribbean Sea on its West and East sides,
respectively. The country adjoins Nicaragua on its northern border and Panama on
its southern border. She covers an area of 50,900 km2, equivalent to about one
seventh of area of Japan or a little smaller than the form total area of Kyushu and
Shikoku. Her territory has a long and narrow and is 464 km long from north to south
and 274 km long from east to west (between the Pacific Ocean and the Caribbean Sea).
The coast line is about 1,100 km on the Pacific side due to 2 remarkable indented
line, while, only 225 ki on the Caribbean side nearly without indentation. There is,
in the central part of the country, a valley called Valle Central formed in between
the Central Mountain range and a spur of Talamanca Mountain range and its about
1,000 meters high above sea level on the average. The yearly average temperature
of the highland area, in which San Jose, the capital, is situated, ranges between
15° C and 23° C, showing comfortable climate. The origin of the Central Mountain



range is volcanic, and it has many volcanos such as Poas, Barva, Irazu and others -
which together with the volcanos of Guanacaste Mountain range justify the reason
why the Republic of Costa Rica is called a volcanic country. Volecano Irazu broke:
out a large scale eruption in March, 1963. The Republic of Costa Rica is an earth-
gquake country and was frequented by 20 times of high magnitude earthquake in the
recent two centuries. .

The topography of the Pacific coast is highly indented with a number ol bays
and inlets, and broad continental she!lf. This will be known from the long coastline
mentioned in the foregoing. The climate on the Pacific side is high both in temper-
ature and humidity, however, the rainfall is less than one the Caribbean side.
TFishing resources is rich on the Pacific coast. The Caribbean coast, on the other
hand, is mostly linear in shape with a little indentation and narrow continental shell.
Its fishing resources are far from being rich. As the coast area has a good amount
of rainfall, the climate is suitable for banana plantation.

(2) Climate

Annual rainfall in the central valley area, Pacific side and Caribbean side
are 2,030 mm, 1,780 mm and 3,000 mm, respectively (from 1972 records). In
a nafionwide average, from December to April is dry season, and, from May to
November is rainy season. Daily difference in temperature is comparatively

small throughout the year. Yearly temperature and rainfall in San Jose are shown
in the following Table {from 1974 records).

Month | 1 2 3 4 5 6 7 8 9 10 11 12

Average
Temper- 18.0
ature

( G

17.8(19.2{19.3(20,0{19,7{19.4119,8{19.319.2,19.2)18.2

Rainfall | ¢ | 1 | 0.3/48 |356 (450 | 238 [305 |398 |249 |20 |61
{mm)

(3) Population

The country contains a population of 1,872,000 according to the census taken
in 1973. The average annual population increase in the 20 years since 1950 to 1970
amounted to as high as 3.5%. However, the increase rate decreased to 2.7% in the
five years since 1968 to 1973. The average annual percentage of population in-
crease in the ten years since 1973 to 1983 is estimated to amount to 2.4% on the
basis of the census in 1973.

{4) Economy

Costarican economy in the nineteen-sixties maintained a fairly high growth
rate (annual rate of 5.8%) thanks to the formation of Central America Common
Market (it was put into force by 5 countries in 1963), a compratively favorable
evolution in the international prices of banana and coffee, the major agricultural
products of the nation, an expansion of the Government expenditures and an increase



of foreign capital inflow. However, since the beginning of the nineteen-seventies
the real growth rate of the gross domestic product became dull with a result of
registering an average growth rate of 4.3% for the period of 1871 to 1976. This is
due to the agricultural stagnation arising from the drop of production in banana and
sugar, etc. in spite of the increase of production in coffee and meat.

Another feature of Costarican economy in the nineteen-seventies is the
outbreak of inflation. The Republic of Costa Rica has been known in the past as the
nation most stabilized in commodity prices in Latin America, and the rising rate
in its consumer prices during 1965 and 1970 was as low as 2.5% per year but with
the oil crisis as astart, it entered into a violint inflationary course and its rising
rate reached as high as 14% in annual average during the period from 1970 to 1975,
in particular marking even more than 20% after 1973.

Table 1-1-1 Consumer Price Index of the Republic of Costa Rica
Year 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
CPI 88 88 89 93 96 100 103 108 124 162 190

Source: United Nations statistics Year Book, 1976 Edition

This sharp rise is conseldered to have come from the increase of domestic
liquidity and the price rise of imported goods. The comparison of Gross Domestic

Product in the Republic of Costa Rica and that of Japan during 1960 and 1975 is
given in Table I-1-2.

Table I-1-2  Percentage of Gross Domestic Product
GDP Mining &
(Nominal |Agri- Industries Construc-|Whole- | Trans-
; . Others
market |culture Manufac-{ tion sale portation
. Total .

price) turing
Costa Rica (106 colones)
1960 2,860.5| 26 13 (14) 4 21 4 28
1963 3,404.2 | 24 16 (15) 5 20 4 30
1970 6,524.5} 23 20 18 4 21 4 28
1974 § 13,178.0 | 19 22 (20) 5 21 4 27
1975 | 16,507.0] 20 22 (20) 5 20 5 29
Japan g109 yen)
1960 | 15,772.0 13 37 (33) 6 17 9 19
1963 | 24,705.5| 11 38 (34) G 17 9 20
1970 | 72,279.6 6 38 {35) 7 17 7 25
1973 [109,216.6 5 38 (36) 8 19 8 29
1974 (129,405.1 5] 37 {35) 7 18 7 31

Source: United Nations Statistics Year Book, 1976 Edition

According to International Standard Classification
of Industry.
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(a) Agriculture _ _
Agriculture occupies high percentage in the GDP of the Republic of
Costa Rica and the contribution rate to GDP originated by agriculture
is said to reach as high as 40%. 50% of the total agricultural land of
the country is the cultivable land with its two-third being actually
cultivated and half of the entire working population is engaged in
agriculture. But the percentage which agricultural production
occupies in gross production is gradually decreasing. Among
agricultural products of the Republic of Costa Rica, banana, coffee,
cacao and sugar are the items for export and occupy a big percentage
in acquisition of [oreign ewrencies.

Unit: 166 Us$

Gross amount Banana Coffee Meat
of export
1973 343 (100) 91 (27) 94 (27) 33 (10)
1974 431 (100) 98 (23) 125 (29) 34 (18)
1975 493 (100) 144 (29) 97 (20) 38 (8)
1976 589 (100) 145 (25) 154 (206) 40 (7)

As seen from the above list, the percentage of banana and coffee
combined is 60% in 1967, 45% in 1973 and 50% in 1976. 12% of the
national land is stock farming land, and the dairy farming is most

popular in the high lands and the beef cattle in the lowlands near the
sea.

(b} Industry
There is no heavy industry in the country and the nation's main
industries are such light industries as food, chemical, cement,
shoes, clothes, beverage, lumber, textile, automobile assembling,
electric home appliances assembly and non-metalic,etc. The
percentage which these industries occcupy among the GDP is nearly
the same as agriculture does and its real growth rate from 1971 to
1975 marks 6% as compared with 4. 3% for agriculture, showing
favorable growth. As a future course of industrialization, the
promotion of so-called 'new industries' like textile, metal products
and machinery, ete. are expected. Buf those products have to seek
their outlet in Central America Common Market and other market
because of the domestic market being too small. Main targets and the
outline of New Five Year Plan on Economic Development (1978-1982)
announced by the Planning Bureau are as follows:

(i} Main targets
~ To further maintain the increasing pace of each industrial field
for 5 years in the past.
- To maintain the export rhythm of industrial products to the
countries other than those of Central America Common Market.
- To promote alternative industries for the imported industrial
products. :



- To make elfective use of domestic resources actively.
- To de-centralize industries in local regions.
- To pay effort toward the goal of Central America Common Market.

(ii) Outline of Industrial Policy
What attracts special attention in the industrial policy of Costa
Rica is that in the future, as it was so in the past, private
enterprises owe much of their activities to Governmental

measures. Namely the Government of the Republic of Costa Rica will
play an important role in the future such as making adequate
circumstances in funds and technologies required for industrial

activities, creating the necessary demand (like the purchase by

Government), giving favorable treatment on taxes, promoting
the export, etc. Also infrastructures indispensable for
industrialization will be constructed and arranged with the
responsibility of the Government. Iollowings are the industries
in which the Government is especially paying its attention in
New Five Year Plan on Economic Development.
- Expansion of agricultural production and establishment of
processing industry of agricultural products.
- Promotion of small scale industries and industrial products
- .Promotion of plywood industry
- Promotion of Aluminum industry
Gross domestic product by kind of economic activity of the Republic
of Costa Rica is shown in Table I-1-3.

(5) Resources

(a)

(b)

(c)

Mineral Resources

There are some mineral resources actually under investigution
including bauxite in the southern part of Puntarenas Province.

Energy Reousrces

Most part of energy supply is dependent upon hydraulic power

resource and imported petroleum. In order to make the best use of
geothermal resource, which is one of very few domestic energy
resources of the country, ICE is earnestly trying to push forward

their investigation and study. It can well be said that the Republic of
Costa Rica is blessed with adundant rainfall, therefore, the country has
adundant water resources. The amount of economically developable
waler resource is estimated, according to ICE survey, at about

nine (9) million kW. In terms of electric energy that could be generated,
this is cquivalent to 37,000 million kWh, or 10,000 million kWh in

dry season snd 27,000 million kWh in rainy season.

Amount of Consumed Energy

The outline of energy consumption in the country is as mentioned
below.

I-9
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Year 1972 1973 1974 1975
Amount of ehergy consumed
(equivalent to 1000 tons of 612 700 639 728
oil)
Contents Petroleum 51 53 54 55
0
(%) Hydropower 26 27 27 28
Others 23 20 19 17
Tatal 100 100 100 100

As shown in the ahove table, hydropower occupies almost 30% of the
total energy consumption, far larger than 7% of Japan. The
elasticity of power demand for the period between 1971 and 1976,
which shows the ratio of demand growth rate to GNP growth rate

(in real terms), is 2.16. This elasticity is estimated to bebome
gradually smaller in the future. According to the power demand
forecast in macroeconometric method by the team and estimated
GNP, the elasticity is supposed to be 1.94 for the period from 1976 to
1982 and 1. 14 for the period between 1982 and 1990.

(6) Transportation and Communication

The transportation facilities within the country are relatively good. Poris
of Puniarenas and Limon are open on the Pacific coast and Atlantic coast,
respectively. There are Gollito and Quepos ports in addition to the abovementioned
two ports. Between Puntarenas and Limon via San Jose, runs an inter-ocean
railroad which handles major port of exports and immports. Annual total of the
cargoes handled in all these ports is approximately 2.6 million tons. There are three
more railways each connecting a comparative short distance owned by a state-
operated corporation that deals in banana. The corporation offers the facilities
open to general passengers. Roads are laid out including about 2,700 km of highway,
of which 1,800 kmis paved. The Pan-American Highway run through the largest
axis of the country from Nicaragua to Panama, serving as the backbone for the
entire national road system.

There exists good air transpotation service,both international and local.
Juan Santamaria airport, 17 lan from San Jose serves various important
international air lines. A regular local air service is maintained between San Jose
and some places in the interior of the country.

With reference to telecommunication system, operation of telephone network
is combinedly undertaken by ICE. The number of telephone subscription totalled
112,000 in 1975. This figure is equivalent to 5.6 subscribers in every 100 people
and ig suggestive of the fact that telephone is far more popularized in the Republic
of Costa Rica than any other Central American Countries which have the average
number of the subscriber between 0.7 and 1.4 in every 100 people.

I-11



1.8 INSTITUTO COSTARRICENSE DE ELECTRICIDAD (ICE)

ICE was establisched by the government in 1949. The main purposes of ICE
were to integrate, develop and operate power supply facilities and to develop the
abundant hydraulic resources. Later, in 1963, ICE was additionally assigned to
undertake development and operation of telecommunication systems.

Brief introduction of ICE is offered as follows from a printed copy of the outline of
ICE (1974 edition):

1.8.1 Power Division

To undertake generate and transmit power was originally the purpose of the
Power Division of ICE; however, the division undertakes also to distribute
partially as well as to retail partially the power for itself. Most part of the power
generated by ICE is wholesaled to a number of other distribution companies, for
instance, to CNFL, the power distribution company in San Jose city. ICE directly
distributes and directly sells its power to industrial large users of power. The
users to whom ICE distributes and retails the power directly amounts to ahout 20%

of all users in Costa Rica. The existing generating facility produces an output of
337 MW.

1.8.2 Telecommunication Division

The telecommunication Division is responsible for all the domestic telephone,
telegraph and service related thereto, for instance, telex communication. Part of
International service is also undertaken by the Division, while, the other part is
handled by Radiografica Costarrience (RACSA), a 100% subsidiary company of ICE.
This company retained 75, 160 circuits as of in 1974.

1.8.3 Financing

ICE makes it their policy to finance substantial part of necessary funds from
internal sources. Tor instance, the amount of necessary fund in 1974 totalled
US$ 230million. They obtained 41% of the fund from the internal reserve and
depreciation charge, and obtained a loan covering the remaining amount. Much of
the foreign currency for ICE's power development programs has heen obtained from
loans with the Interatnerican Development Bank, World Bank, Central American
Bank for Economic Integration, Commercial Banks, and in few instances, equipment
suppliers. For future projects, ICE will look for financial assistance from
traditional sources, or any others compatible with the Republic of Costa Rica's .
economic and financial programs.
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Capital of Costa Rica,

— San Jose -

Port Limon
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Siquirres Dam Site
— Loaoking Upstream —

Siquirres Dam Site
—~ Looking Upstream by Air-plane —
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CHAPTER 2 CONCLUSIONS AND RECOMMENDATIONS

As a result of survey and study on Guayabo and Siquirres Projects, the fol-
flowing conclusions and recommendations are obtained.

2.7 CONCLUSIONS AND RECOMMENDATIONS FOR GUAYABQ PROJECT

Guayabo Project will be located in the middle part of Reventazon river that
originates from a mountain range in the central part of the Republic of Costa Rica.
and flows into Parismina river which drains itself into the Atlantic Qcean. Project
will provide a dam of 38 m in height in Reventazon river, and in-flows into the
pondage will be diverted through a headrace tunnel of 10 km to the neighbouring
Pacuare river, generating 180 MW power.

2.1.1 Conclusions

(1) The growth rates of power demand were 8.5% and 9.7%, respectively, for
the average annual pealk MW and energy from 1967 to 1976 in the Republic of Costa
Rica. In addition to it, the above-mentioned rates will be 6. 2% and 6, 8% res-
pectively from 1977 to 1990. From this forecast, it will be concluded that the
demand for peak MW at the end of generation in 1977, 347 MW, will increase to
661 MW by the year 1987 and 763 MW by the year 1990, A conclusion will also

be reached that the demand for energy at the end of generation, 1,737 GWh, will
increase to 3,475 GWh in 1987 and 4,071 GWh in 1990.

(2) In order to cope with the increase of demand, it will be necessary for ICE
to develop a new power resource in succession of Corobici Project which will he
put into operation in the power system in the end of 1982,

(3) Guayabo Project has been shown to be economically and technically feasible
for the new power resources.

4) The investigations demonstrate that no unusual problems exist on the sites
for the dam and power plant and on the route of headrace tunnel.

(5) The ratio of annual benefit to annual cost and surplus benefit are 1.18 and

44.3 million Colones (5.2 million U, S, dollars), respectively, in the period of
analysis of 50 years.

(6) Installed capacity of 180 MW is considered to be appropriate for Guayabo
Project. It will be recommended to meet the power demand in the Republic of
Costa Rica that the capacity of 120 MW will be installed in 1987 and then additional
60 MW in 1989 in consideration of the growth of demand. WNevertheless, a new
electric power resource will probably have to be put into operation after 1993.

(M) The annual possible energy will be 1,192 million Wh, while tHe investment
cost will be about 2,130 million Colones {248 million US dollars), The cost of
energy will be 0.211 Colones/kWh.

I-19

CAPITULO 2 CONCLUSIONES Y RECOMENDACIONES

De acuerdo a las investigaciones y estudios que se realizaron sobre los pro-
vectos antes citados, se llegb a las conclusiones y recomendaciones que se dan
a continuacién.

2.1 CONCLUSIONES Y RECOMENDACIONES SOBRE EL PROYECTO HIDRO-
ELECTRICO GUAYABO.

El Proyecto Guayabo se ubicarfa en la cuenca media del Rio Reventazén, rio
que con cabeceras en la Cordillera Volcdnica Central de Costa Rica, desemboca
junto con el Rio Parismina en el Océdano Atlntico. Bl esquema proyectado consiste
en la construccién, sobre el citado rio, de una presa de 38 m de alto, la cual per-
mitir4 derivar las aguas de este rfo hacia el Rfo Pacuare por medio de un tiinel de
conduccién de unos 10 Km de longitud; las aguas serfn utilizadas para producir
energfa eléctrica. La potencia a instalar serd 180 MW.

2.1.1 Conclusiones

(1) La demanda eléctrica de Costa Rica, crecif durante el perfodo 1967 - 1976,
a un ritmo promedio anual de 8.5% con respecto a la potencia y 9.7% con respecto
a la energfa.

Por otra parte, la tasa de crecimiento promedio anual de la demanda para el
perfodo comprendido entre 1977 y 1990, se estima en 6.2% con respecto a la poten-
cia y en 6.8 % con respecto a la energfa.

FEn base a lo anterior la demanda méxima que en 1977 fue de 347 MW, se
estima que para 1987, afio en que se planea que el Proyecto Guayabo entre en
operacibun, serd de 661 MW y para el afio 1990 de 763 MW.

La de energia anual se incrementar4 de 1,737 GWH en 1977 a 3,475 GWH en
1987 y 4,071 GWH en 1990.

(2) Para poder satisfacer el crecimiento en la demanda se requiere que un nuevo
proyecto entre en operacién en 1987, siguiendo al Proyecto Hidroeléctrico Corobici
que entrari en l{nea en 1982.

(3) El Proyecto Hidroeléctrico Guayabo se juzga que 6s factible técnica y econo-
micamente y por lo tanto puede ser elegido como caundidato para iniciar operacién
en 1987,

(4) Se considera que no existe condiciones anormales en los posibles sitios de
A - .
presa y casa de maquinas ni sobre la posible ruta del tinel de aduccidn.

(5) La razén beneficio anual entre costo anual, para un periodo de anilisis de
50 dnos, es 1.18 y la diferencia entre beneficio anual y costo anual corresponde a
44,3 millones de colones (US $5.2 millones)

(6) La capacidad méxima que se considera adecuada para instalar en el Proyecto

Guayabo es 180MW; y de acuerdo a la forma de crecimiento de la demanda de Costa

Rica, se pueden instalar en 1987 los primeros 120 MW y los restantes GO MW en 1989.
A partir de 1991, se requerirfl la entrada de nuevos proyectos.



2.1.2 Recommendations

In view of the above-mentioned conclusions, the following items will be
recommended.

{1 In order to implement Guayabo Project, it will be recommended that neces-

sary activities be taken with reference to the outline programme shown in Fig. I-2-1.

(2 Additional geological survey and additional investigation of construction
materials should be accomplished in accordance with the recommendations shown
in Chapter 4 of Part II prior to the commencement of the definite study that will
be carried out in the future.

(3) It is recommended that the definite study be undertaken when the geological
survey and investigation of construction materials are accomplished. The object of
the definit study is to review, supplement and improve the feasibility study and it
could be a basis of report for financing and of contract documents for construction.

4) All the data, which have been used in the feasibility study, should be up-to-
dated before the definite study will be commenced.

2.2 CONCLUSIONS AND RECOMMENDATIONS FOR SIQUIRRES PROJECT

Siquirres Project will be located on the Pacuare river about 12 km down-
stream from the proposed power plant of Guayabo Project. Project will be assumed
to have a dam of height 200 m with a power plant of 310 MW installed capacity.

22.1 Conclusions

(1) Siquirres Project could be promising as one of hydraulic projects to be de-
veloped following Guayabo Project.

(2) Consequently, geological survey and investigation of construction material
could be worthwile in order to make a feasibility study in the future.

(3) A possibility could exist for construction of a dam 200 m high with a normal
water level of reservoir EL 250 m. In this case, appropriate location for the power
plant could be probably the site immediately downstream of the dam.

4) On an assumption that an installed capacity of the power plant could be 310
MW, the annual energy generated would be 1,850 million kWh. The investment cost
for Siquirres Project could be about 3,740 million Colones (435 million US dollars).
The ratio of annual benefit to annual cost will be 1. 26 in the period of analysis of 50
years.

I-20.

(7Y La produccién anual de energfa eléctrica del Proyecto serh de 1,192 millones
de KWh, y el costo total de las obras del Proyecto seré de unos 2,130 millones de
colones (US $248 millones)

El costo de energia seri de 0.211 colones por kWh; a precios de 1977 .

2.1.2 Recomendaciones

De las conclusiones arriba mencionadas, se derivan las siguientes recomen-
daciones.

(1} Para llevar a cabo el Proyecto Guayabo se recomienda programar las futuras

actividades a realizar, refiriéndose al cronograma general mostrado en la Figura
I-1-1.

(2) Tealizar investigaciones adicionales en el campo de la geologfa y de los
materiales constructivos, previamente al inicio del estudio definitivo del proyecto

y en base a las recomendaciones anotadas en el Capitulo 4 de la Parte II del presente
informe.

(3) Proceder al estudio definitivo luego de concluidas las investigaciones anterior-
mente indicadas. EIl estudio definitivo tiene por objeto revisar, complementar y
afinar el presente estudio de factibilidad, para asi servir de base tanto para el
informe de financiamiento como para los documentos de licitacién.

(4) Actualizar los datos empleados en el presente estudio antes de comenzar el
definifivo.

2.2 CONCLUSIONES Y RECOMENDACIONES SOBRE EL PROYECTO HIDRO-
ELECTRICO SIQUIRRES

En lo referente al Proyecto Siquirres el mismo estari ubicado a unos 12 Km
hacia aguas abajo de la posicién, en este estudio proyectada, de la Casa de
MAquinas del Proyecto Guayabo, sobre el curso medio del Rio Pacuare. Este
esquema se analizo considerando una presa de gravedad de concreto de 200 m de
alto y una capacidad a instalar de 310 MW.

2.2.1 Conclusiones

(1) El Proyecto se juzga prometedor como una posibilidad de desarrollo hidro-
eléctrico subsiguiente al Proyecto Guayabo.

(?) Consecuentemente, investigaciones geolégicas y sobre fuentes de materiales
de construccién deben ser llevadas a cabo, para realizar en el futuro, el estudio de
factibilidad.

(3) Existe la posibilidad de construir una presa de 200 metros de alto, en cuyo
caso el nivel mAximo normal de agua, en el embalse, corresponderia a la cota
250 m.s.n.m. Bajo esta condicién, posiblemente, la localizacién mAs apropiada
de la casa de mAquinas seria al pie de la presa.



2,2.2 Recommendations

On the basis of the above-mentioned conclusions, the following will be
recommended:

(1) Siquirres Project could have a possibility of development in a large scale,
and it will need a long period of time for survey and investigation. It is recom-
mended, therefore, that necessary activities be taken with reference to the outline
programme shown in Fig. 1-2-1.

(2 Geological survey and investigation of construction materials should be
accomplished in accordance with the yecommendations given in Section 2. 8 of
Chapter 3 in Part III.

(3) Re-study on the height of dam and the {ype of dam should be accomplished
when the geological survey and investigation of construction materials could be
completed.

(4) In carrying out the re-study of the height of dam, an alternative study will
be desirable on the development with two projects between Siquirres Dam site and
Guayabo Plant site.

{5) Feasibility study will be desirable after the determination of height and

type of dam which could be judged from a result of the survey and investigation
described in the above-mentioned item (2).

I-21

(4) En el caso de instalar 310 MW, la energia anual generada serfa 1,850 millones
de kWh por afio. E1 costo total de las obras del Proyecto Siguirres serfa alrededor
de 3,740 millones de oolones (US $435 millones)

La razén entre el beneficio anual y el costo anual es de 1.26 para el perfodo
analizado de 50 afos.

2.2.2 Recomendaciones

Teniendo como soporte las conclusiones anteriormente indicadas, se
recomienda lo siguiente:

(1} El Proyecto Siquirres tiene la posibilidad de ser un desarrollo de gran mag-
nitud, razén por la cual se requerir4 un largo perfodo de tiempo para investigaciones
y estudios. Se recomienda llevar a cabo los futuros estudios siguiendo el crono-
grama general gue se indica en la IMigura II-2-1.

{2) Realizar las investigaciones relativas a la geologfa y a los materiales de
construccién de conformidad con las recomendaciones hechas en el numeral 2.8 del
Capftulo 2 de la Parte III.

(3) Luego de conclufdas las investigaciones arriba sefialadas, se deberA revisar
la altura de la presa y hacer un estudio para determinar el tipo de presa.

(4) s deseable que al revisar la altura de la presa se analice también el aprove-
chamiento en dos cajdas del potencial existente entre el sitio de casa de méquinas
del Proyecto Guayabo y el sitio de presa de Siquirres.

(5) Posteriormente a los trabajos de la determinacién de la altura y el tipo mAs
conveniente de presa soportados en el resultado de las investigaciones geolégicas
mencionadas en (2), se recomienda efectuar el estudio de factibilidad.
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CHAPTER 1 POWER MARKET STUDY

1.1 SERVICE AREA

Costa Rica has the highest per capita consumption of electric energy among
the Central American countries. Its figure is in the higher level in Latin American
countries. Its installed capacities per capita and annual generated energy per capifa
in 1970 were 141 watts and 593 kWh, respectively, according to statistical yearbook
ol the United Nations.

The figures in 1976 increased to 178 watts and 770 kWh, respectively.

The country has 7 Provinces and it is also divided into 79 Cantons.

Two areas can be distinguished in view of the present supply of electric ener-
gy into the Central zone and the non-Central zone. The Central zone extends LCast-
West wise from Turrialba to Puntarenas, and is located in the highlands, with the
elevation of 1,000 - 1,500 m above the sea level.

Tor the agricultural products, 86 % of coffee production, 80 % of milk and
almost all of sugar cane production concentrate in this area.

On the other hand, in the non-Central zone, there are many disiricts of lower
altitude, where temperature and humidity are higher and living conditions are not
so good. Most of Guanacaste Province is affective in its agricultural production
due to water shortage during the dry season.

These areas are mainly used for catfle farms. A project for irrigating some
100 thousands ha. in Guanacaste is being studied by the Government, using water
from Arenal hydro-power project. Limon Province produces a large quantity of
banana due to much rainfall and high temperature, but in northern district, annual
rainfall exceeds 7,000 mm, there can be seen jungle areas.

The population of each province are as follows, according to the national
census in 1973.

Province Population Ratio
. (1,000) (%)

San Jose 695 37
Alajuela 326 17
Cartago 205 11
Heredia 134 7
Guanacaste 179 10
Puntarenas 218 12
Limon 115 6
Total 1,872 100

II-1



1.2 ELECTRIC POWER SITUATION

The most of electric power supply facilities dre connected by transmission
lines of the National Interconnected System in Costa Rica. About 95 % of domestic
energy demand are supplied through the interconnected system. The rest of de-

mand scattered in the non-Central zone is supplied by independent diesel-generating
systems. '

1.2.1 Electric Power Enterprises

The main suppliers of electric energy in Costa Rica are as follows:

(1) Instituto Costarricense de Electricidad (ICE)

ICE is the governmental agency with administrative autonomy whose task
is to study and find solutions of the power problems to the electrification
on the purpose of a well-coordinated development plan. In other words,
it is not only to prepare a comprehensive plan of development for a do-
mestic supply of power, but also to make a coordination of supply system
installation proposed between the enterprises. In addition to it, ICE has
its purpose to supply electricity basically by developing resources in
large scale and economically. ICE has main facilities of the National
Interconnected System, and it owns 282 km of 138 kV transmission lines
and 333 km of 34.5 kV transmission lines as of 1976. The above figures
include those for Limon in Limon Province, and Liberia and Santa Cruz

- in Guanacaste Province. TFurther, it owns 273 km of the primary distri-
‘bution lines of 13.8 kV and 4.1 kV, as well as 179 km of secondary lines.
ICE and other Distributing companies, described below, supply energy
to consumers, through the National Interconnected System.

ICE has 15 power plants as of 1976, 6 of them hydro-plants with the in-
stalled capacity of 185 MW, and 9 of them thermal plants with 162 MW.

In addition, ICE supplies energy to the consumers who have not been con-

nected with the system. ICE mainly supplies energy for them by small
diesel-generating plants.

(2) Compania Nacional de Fuerza y Luz (CNTL)

CNFL is a subsidiary company of ICE at present which was established
as a branch of American and Foreign Power in 1928. It has continued
the business since then in Costa Rica. Ifs service area covers the most
of the Central zone where is densely populated. As of 1976, it supplies
energy to 139,000 customers in the Central zone and surrounding area of
San Jose City. CNTFL has also its own generating facilities, the capacity
of which amounts to total 28 MW of 7 hydro-power plants. It also owns
100 km of 34.5 kV transmission lines as well as distributing facilities.
Energy sold in 1976 amount to 821 GWh.

11-2



(3) Municipal Power Distributing Companies

There are three municipal power distributing companies of Heredia
(ESPH), Alajuela (JASEMA) and Cartago {(JASEC). These 3 companies
distribute energy to about 44,000 customers in their municipalities and
surrounding areas. The generaling facilities owned by these 3 companies
are 11 MW of 7 hydro-plants and energy sold in 1976 was 158 GWh.

(4) Other Power Distributing Companies

Energy supply to other area than the above-mentioned districts is per-
formed by many local public or private power distributing companies.
Some of these power distributing companies near Central zone have been
merged into ICE, due to the difficulty to maintain sexvice level for in-
creasing demand and the technical problems caused by the small scale of
the enterprise. This tendency is still continuing now.

1.2.2 Present Status of Power Supply Facilities

The proportion of power supply facilities in Costa Rican System could be
said that hydro-system is main and thermal-system is subordinate. Actually,
capacity of facility is 224 MW for hydro and 162 MW for thermal, and the capacity
of hydro is equivalent to 70 % of maximum power demand. ICE intends to develop
abundant hydro-power resources in the country and hydro-plants now extending or
under construction are of the capacity of 404 MW including Corobici Project.

Concerning thermal plants, ICE has a developing plan of geo-thermal
plants intending to utilize domestic energy resources. No thermal plant by oil or
coal is planned under the development Plan 1978-1990.

Regarding substations, ICE has plants to construct new substation and in-
crease transformers in existing substations, anticipating the increase in demand
in Central zone. Present total capacity of transformevs is 794 MVA.

Regarding transmission lines, generated energy is now transmitted by
138 kV and 34.5 KV lines. ICE has, however, decided to adopt 230 kV as transmis-
sion voltage in future, and they have starled the construction of transmission lines
of 230 kV.

ICE has also decided to construct 230 kV international interconnected
transmission line* with Nicaragua, the adjacent country. This line aims to ex-
change each surplus energy, thus attempting to operate economically and improve
the reliability of the electric system. It is scheduled to be completed in 1980.

The outline of power supply facilities is shown in Table 11-1-1.

1.2.3 Present Status of Power Demand and Supply

The records of annual energy demand and maximun: power from 1967 to
1976 are shown in Table 11~-1-2. On the table, average increasing rate during the
decade is 9.7% (2.6 times in a decade) in energy demand and 8.5 % (2.2 times in a
decade) in maximwm power.

* Contrato de Interconexion enfre el Instituto Costarricense de Electricidad
{ICE) y la Empresa Nacional de Luz y Fuerza (ENALUTF), Jun. 1976
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Table II-1-1  The Outline of Power Supply Facilities

Power Plant Owned by Installed Capacity
(kW) '
Hydro Cacao (JASEMA) 672
Carrillos { ESPH ) 2,000
La Joya { ") 340
Birris ( JASEC ) 8,240
Small Hydros (CNFL) 27,660
Garita ( ICE ) 30,000
Rio Macho ( n ) 90,000
Cachi ( " ) 64,000
Other Hydros { " ) 799
Subtotal 223,711
Cachi ( ICE ) 32,000 additional 1977
Rio Macho ( " ) 30,000 n 1978
Arenal (" 156,000  pder con- ;g4
Coro bici ¢ " ) 186,000 proposed 1982
Total 627,711
Thermal Colima ( ICE ) 19,540
San Antonio (" ) 48,100
Barranca ( " ) 41,600
Liberia ¢ ") 2,320
Santa Cruz { " ) 1,000
San Isidro ( ") 1,500
Siquirres ( n ) 1,300
Limon { " ) 15,000
Moin ( n ) 32,000
Total 162,360
out of the interconnection 5,818
Substation (ICE) (MVA)
Colima 175
-Rio Macho 140
Cachi 103
Barranca 90
La Caja 60
San Antonio 60
La Garita 58
Canas 20
Other small substations 88
Total 794
Transmission Line (ICE) {lkm)
138 kv 2 circuit 144
138 kv 1 circuit 139
'34.5 kv 334
Total 617

14
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Demand by types of customers is shown in Table II-1-3. According to the
table, residential demand is larger, holding 50 %, though decreasing its rate year
after year. Commercial demand clearly increased from 16 % to 21 % in this period.
Industrial demand also increased from 21 % to 29 % through this period, showing
the industrialization in this country was moderate. Maximum power demand in
1976 is 303 MW and annual load factor is 58%. The shape of daily load curve is
of the peaks at 11:00 a.m. and 19:00 p.m., due to the residential demand for cook-
ing and lighting. The example of daily load curves is shown in Fig. II-1-1.

As for monthly maximum power, it occurs in December, but the difference
from those of other months is not so large, since seasonal climatic conditions are
approximately the same. According to the data on hydrology, April is the driest
month in the dry season. Therefore, critical months in the balance of demand and
supply of power are considered to be April and December.

Concerning transmission line, ICE supplies energy by such a system as
composed of main transmission line of 138 kV and subordinate line of 34.5 kV, it
has decided to put into operation 230 kV transmission line as a trunk line of the
power system before the completion of Arenal project in 1879.

The main power supply capabilities are hydros, and among them, Rio
Macho Plant and Cachi Plant are major. However, since the available water flow
is influenced by the difference between in dry season (January - May) and in rainly
season {June -~ December), the operation hours of thermal plants increase during
the dry season in winter.

Arenal Plant under construction is a plant to regulate seasonally its capa~
bility corresponding with the reservoir of 1,185 million m? of effective storage
capacity, and is expected to become a source of useful supply capability, together

with Corobici Plant which is scheduled to be successively developed at the down-
stream. :

- 1.3 LOAD FORECAST
1.3.1 Period of Analysis

The period of analysis for load forecast is taken to be 14 years from 1977
to 1980. This period will cover those years expected for the development of Guayabo
Project as well as those years when almost all the capability of the Plant will be
beneficial. '

1.3.2 Load Forecast

It is necessary for the study of load forecast to understand activities of
economical development in Costa Rica, which are closely connected with electric
energy demand. As described in Part I, Item 1.7 (4), future economic policy
in Costa Rica will be based on maintaining the rythm of economical development up
to date. That means it will be reasonable to study load forecast on the basis of
past records of demand.

The study of load forecast is made by the following procedure. The princi-
pal procedure is on the basis of time series tendency of energy demand by types of
customers using past record of energy consumption. Then, the result will be jus~

AT B B I
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tified by two alternative methods for macro forecast; one of which will use correla-
tion between population and energy, and the other use correlation between GNP and

energy.

ICE already made a load forecast concerning its own power system until
1990, and the comparison of result is made with the result of time series tendency.

(1) Forecast Based on Time Series Tendency

On making estimation, the principal premises are as [ollows:

(a)
(b)
(c)
(d)

(e)
(£

(8)

Past records are the energy demand during 10 years at the demand
end, as shown in Table II-1-3.

To obtain a formula for the tendency curve, a quadratic equation on
actual figures by ordinary least squares is adopted.

Energy at generating end is calculated on an assumption of distribu-
ting line loss factor 11.5%, and transmission line loss factor 3.5%.
Since the government has a new 5-year economic development plan,
demand of proposed industries will be taken into consideration for

the forecast. ‘

Maximum power is calculated from estimated demand by using annual
load factor as described in Item 1.3.4.

As for demand caused by popularization of home electric appliances
such as television, it is supposed that the demand will rise moderately
in future as shown in a below table. In the Central zone, the climate
is moderately warm through the year, so air-conditioners which con-
sume much electric energy and power are by no mneans necessary.
For that reason, it is considered that there will not be sharp increase
in [uture energy and power demand caused by home electric appliances.

{as of 1973)

Appliances Popularization rate (%) Remarks
Radio 78
Television 37
Cooking apparatus ,
for kitchen 60 50% in 1975
Refrigerator 26
Washing machine 17

No sharp Increase is assumed in energy demand due to the electyifi-
cation. That is, electrification rate in 1976 was 60 %, and ICE in-
tends to raise it up’'to 72 % in 1990. However, even in the past,
electrification rate raised from 51% in 1970 to 60 % in 1976, so the
estimation by time series tendency will presume to include any rising
tendency of electrification rate in fufure.

The result of load forecast is shown in Table II-1-4, comparing with the
one made by ICE.

I1-8
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Fig. I-1-4  Tendency of Energy by Customer
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TFigures of I:endericy of enefgy » power and energy by type of customers
are shown in Fig. II-1-2, Tig, 1I-1-3, Fig. II-1-4, respectively.

By that table, generated energy will Increase 2.34 times in 13 years
from 1,737 GWh in 1977 to 4,071 GWh in 1990. II means annual in-
creasing rate is 6.8 % in average. Maximum Power will increase
2.20 times in the same period from 347 MW in 1977 to 763 MW in
1990 showing 6.2 % of annual increasing rate in average.

{2) Load forecast based on population

Generally, there are high correlation between the population of a country
and her energy consumption. Here, we shall at [irst try to obtain the
correlation bhetween the total population of Costa Rica and total generated
energy in the National Interconnected System during the past 10 years,

then make an estimation of generated energy for the anticipated population
in future.

The population of Costa Rica by National census in 1973 and anticipated
population therefrom in future are shown in Table II-1-5. As for gener-
ated energy, record in Table 1I-1-3 are used. The correlation between
population and generated energy is as follows:

Multi-correlation coefficient 0.99640
Standard error 23, 730
t-value (for x) -2.,2828
t-value (for x2) 3.5049

From this result, we can say‘ that there is a high correlation between the
above two factors in Costa Rica.

The estimated result, assuming such tendency will last in future, is
shown in Table II-1-6 and Fig. II-1-5.

Table II-1-6 Relatlon between Population and Energy

Year Population Generated Year Population Generated

Energy Energy
(103) (GWh) (103) (GWh)

1977 2,061 1,744 1984 2,429 2,847
78 2,111 1,878 85 2,485 3,035
79 2,162 2,021 86 2,541 3,232
80 2,213 2,171 87 2,598 3,437
81 2,266 2,328 . 88 2,656 3,652
82 2,320 2,494 89 2,715 3,877
83 2,374 2,667 90 2,776 4,112
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Generated Energy ( GWh)

Fig. I-1-5 Relation between Population and
Energy Demand of the System
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(3)

The comparison of the above result with the estimate by the time series
tendency for I;he year of 1980, 1985 and 1990, is as follows:

Estimate by Estimate by
Year time series . Population
{ GWh) (GWh)
1980 2,268 2,171
1985 3,082 3,035
1990 4,071 4,112

That is, the_ load forecast by the time series tendency method is consid-
ered to be reasonable. :

Load Forecast Based on GNP

Macro'forecast will he made'from the correlation between GNP and
generated energy, with which the load forecast will be checked. It is

~well known that generated energy is closely correlated with the ‘economic

activities of the country.

However, the correlation is different from considerably by countries,

since the scale of economic structure and natmnal income level are
different by countries.

Macro tendency of generated energy per capita is observed corresponding
to each of different income level per capita, according to the statistical
survey* studied by EPDC and published in 1971.

The load forecast herein is conducted on the basis of the following indexes.

(a) Average growth rate of GNP/ caplta, presume from the actual value
in the past.

{(b) GNP/capita at p1 esent
(c) kWh/capita at present

(d) Extent of change in growth rate cor respomlmg with the variation of
GNP/capita.

_(e) Extent of change in kWh/capita correspondmg with the variation of

GNP/capita.

Basic economical figures are as [ollows.

New Method of Long'Range or Véry Long Range Demand
TForecast of Energy including Electricity Viewed from Worldwide
Standpoint.

Hamaaki Acki, EPDC, Tokyo
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Year Popula~- GNP in GNP/ GNP/  Generated Energy
tion price of capita capita in energy in consump-
1966 . price of  whole . tion/
1968 country . capita
(1,000) (106 Colon) (Colon) (Us$) - (GWh) {(kWh)
1970 1,732 5,480 3,164 476 1,024 594
1971 1,779 5,838 3,282 494 01,148 645
1972 1,826 6,350 3,480 523 1,266 697
1973 1,872 6,844 3,656 5560 1,346 719
1974 1,918 7,142 3,724 560 1,467 765
1975 1,965 7,477 3,805 572 1,526 782

In this estimate, the long term estimate will be made, starting from
1975 to the future by the actual data of GNP/capita.

The correlation between GNP/capita and its growth rate is assumed to
be as in Fig. II-1-6. The correlation between GNP/capita and kWh/
capita is also assumed to be as in Fig. 1I-1-7.

The result of estimate on total generated energy in the country, using

these data and anticipated population in Table II-1-5, is shown in Table
II-1-7.

Generated energy and maximum power of National Interconnected system
are obtained from total generated energy in the country on the basis of
the following assumptions.

(a) Energy generated by power plants, which are owned by private indus-
trial enterprises, is assumed to be 4.5 % of total generated energy,
according to the actual figures in 1974 and 1975, and it is assumed
that this tendency will last in future.

(b) Generated energy in National Interconnected System is agsumed to
be 95 % of total generated energy by electric power companies ac-
cording to ICE data.

(c) Annual load factor used to obtain maximum power is the estimated
value studied in Item 1.3.4.

The result of the study is shown in Table II-1-8. The comparison of the

above result with the estimate from time series tendency method, for
the year of 1980, 1985 and 1990 is ag follows:

I1-16
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Fig. I-1-7 Correlation Between per Capita GNP
and per. Capita Energy
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Table II-1-5  Actual and Estimated Population

Year Population Year Population Year Population
' " (103 (103 (103)
1967 1,585 1975 1,965 1983 2,374
1968 1,635 1976 2,012 1984 2,429
1969 1,684 1997 2,061 1985 2,485
1970 1,732 1978 2,111 1986 2,541
1971 1,779 1979 2,162 1987 2,598
1972 1,826 1980 2,213 1988 2,656
1973 1,872 1981 2,266 1989 2,715
1974 1,918 1982 2,320 1990 2,716
Note : Data from "Evaluacion del Censo de 1973 y Proyeccion de la Poblacion

por sexc y Grupes de Edades 1950-2000",

Table II-1-7 Macro Forecast of Energy

Growth rate GNP/capita kWh/capita Population Generated Increasing

Year of : Energy raté
GNP/capita (Price in 1968)
(%) (US$) (kWh) (103) (GWh) (%)
1975 3.75 572 810 1,965 1,536 3
76 3.75 593 2,012
.90 0
77 3.9 616 2,061 , 6.3
78 3.90 640 2,111
79 3.90 665 2,162 ‘
1980 4.05 692 940 3,213 2,080 {
81 4,05 720 | 2,266
82 4.05 749 2,320 g
8.3
83 4.05 779 2,374
B4 4.05 811 2,429
85 4.05 844 1,250 2,485 3,106 <
86 4.20 879 2,541
87 4.20 916 2,598 8.7
88 4.20 955 2,656
89 4.20 995 2,715
1990 4.05 1,035 1,700 2,776 4,719
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Table II-1-8 Macro Forecast of Energy

Total Energy of Energy of Energy of Annual Maximum
Year Energy self-industries Suppliers Interconnected Load Power
System T"actor

(GWh)  (GWh) (GWh) (GWh) (%) (MW)

1975 1,536 65 1,471 1,397 58.1 274
76 1,632 73 1,559 1,481 56.8 298
77 1,734 78 1,656 1,573 57.1 314
78 1,842 83 1,759 1,671 57.4 332
79 1,958 88 1,870 1,777 57.7 352
1980 2,070 04 1,986 1,887 58.0 371
81 2,252 101 2,151 2,043 58.2 401
82 2,440 110 2,330 2,214 58.5 432
83 2,642 119 2,523 2,397 58.8 465
84 2,861 ° 129 2,732 2,595 59.1 501
85 3,106 140 2,966 2,818 59.4 542
86 3,376 152 3,224 3,063 59.7 586
87 3,670 165 3,505 3,330 60.0 634
88 3,989 180 3,809 3,619 60.3 685
89 4,336 195 4,141 3,934 60.6 741
1990 4,719 212 4,507 4,282 60.9 803
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Year Estimate by Estimate by

time series GNP
(GWh) (GWh)
1980 2,268 1,887
1985 3,082 2,318
1990 4,071 4,282

That is, the load forecast by the time series tendency method is consid-
ered to be reasonable.

1.3.3 Daily Load Curve

Examining the past record of daily load curves of the electric power sys-
tem, it is noted that the ratio of minimum load to the maximum tends to increase.
Therefore, a daily load curve in future will be determined by estimating the ratio
at each hour of a day from time series tendency curve. An example of a daily load
curve in 1976 is shown in Fig. II-1-1 and the estimated daily load curve in future
is shown in Fig. 1I-1-8, The principal figures are shown below.

Item Year 1966 1975 1986
Min. load April 26.8 37.0 49.6

(%) December 28.1 39.4 50.4
Daily load April 61.1 G9.2 74.0
factor (%) December 61.7 70.3 75.9

The shape of daily load curve of week-days hardly varies through the year.

Daily load factor has increased moderately up to now. It is supposed that
thie tendency will last in Future taking into account of higher level of the figure in
Japan as an example. Furthermore, the fact, that 5-year economic development
plan (1975 - 1982) includes measures to discount fare for customers in off-peak
hours, especially for industrial demand at midnight, will lead to increase daily
load factor.

1.3.4 Annual Load Factor
Since annual load factor is also considered to show upwarding tendency

every year, reflecting the improvement in daily load factor. Ammual load factor in
future is estimated as below on the basis of past actual data.
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Past Record

Eatimates

Annual load factor

Year Annual load factor Year
(%) (%)
1966 53.5 1977 57.1
67 52.9 78 57.4
G8 55.6 79 57.7
69 55.9 1980 58.0
1970 53.2 81 58.2
71 55.3 82 58.5
72 55.9 83 58.8
73 56.3 84 59.1
T4 56.0 85 59.4
75 58.1 86 59.7
B7 60.0
88 60.3
89 60.6
1990 60.9

1.3.5 Monthly Maximum Power

Maximum power is estimated to occur in December on the basis of past
actual data. The maximum power in April is also estimated to be 90 % of that in
December on basis of actual data as described in following table. These two maxi-
mum powers are used for the study of balance of demand and supply.

- Maximum Demand (MW) Ratio (%)
ear
April December April/December
1966 128 135 94.6
67 132 145 90.8
G8 148 155 95.5
69 154 168 91.6
1970 177 195 90.6
71 189 212 89.2
72 210 232 20.5
73 228 249 91.4
74 239 271 88.4
75 251 278 20.3
Average 90.8
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14 DEMAND AND SUPPLY BALANCE

1.4.1 kW Balance

order to

Those years applied for the study of kW balance will be 1985 - 1990, in
determine the time when new power source will become necessary after

Corobici Power Plant will commences its operation. The study is performed on
December when maximum power occurs and on April which is the driest of the year.

(1)

@

(4

(5)

(6)

(D

Principal premises on the study are as follows:

Generating facilities at present and in near future are shown in Table II-
1-1. Among these facilities, thermal plants are regarded to go out of
use by obsolecense after 1986 by 10 % equivalent to the capacity in 1985.

It is assumed that when a new power source becomes necessary as de-
mand grows, Guayabo Plant will be installed for the demand.

Daily power and energy supply of hydro-plants will be calculated using
average flow of the lowest five days of each month shown in Appendix.
Supply capability will be determined in accordance with the shape of load
curve and in consideration of above mentioned daily demand.

Supply capability of thermal plants are considered to be equal to its in-
stalled capacity.

1t is aimed to maintain marginal supply capability more than 10 % of
maximum power demand of each month.

Rio Macho Plant will be regarded as a peak load plant until 1986, the
previous year when Guayabo Plant will be put into operation, and there-

affer as a base-load plant, because the storage capacity of reservoir is
rather small.

Arenal Plant and Corobici Plant will be regarded to operate jointly,
since the waterway system of these plants are connected.

The daily flow in weekdays will be corrected, since Arenal Plant is pro-
vided with a reservoir of large storage capacity, and it will be able to
regulate weekly its capability (correction factor: 7/6).

In the study of kW balance, it is assumed that there will be no supply

capahbility from Nicaragua in spite of the existence of an inferconnected
transmission line between two countries.

The result of study is shown in Table 11-1-9 and Fig. II-1-9.

1.4.2 kWh Balance

Annual generated energy will be calculated by the following procedure.

As for existing hydro-plants, annual available generated energy calculated by ICE
are used, while, for Guayabo Power Plant, annual available generated enexrgy

(Table II-

-5-3) by the team is used.
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Thermal plants will be assumed to supplement the shortage, only after
annua] energy demand is supplied by generated energy of hydro-plants. In addition,
thermal plants are considered to operate supplementalily, equivalent to 5% of annual
utilization factor of the facilities, even when total generated energy of hydro-planis

will exceed annual energy demand, i.e., even m case surplus energy by hydro-
plants will be expected to occur.

The results are shown in Table II-1-10.

1.6 TIMING OF DEVELOPMENT

Judging from the results of study on kW balance shown in Table II-1-9, it will
be concluded that the shortage of supply capability in the power system will occur
in 1987 and a new power source should be put into operation. _

In order to fulfill the shortage of capability, Guayabo Power Plant could take
the place of the new power source.

As for the results of study on kWh balance, the capaclty of generated energy
from Guayabo Plant will be so large in comparison with annual energy demand in
the year of 1987 that the commencement of operation of the 3 units will be made
stepwise in accordance with the increase of power demand, to be started in Febru-
ary and July 1987, and February 1989. - '

In April 1990, kW balance will be supposedly maintained by puiting a geo-
thermal plant into the system (See Table 1I-1-9). It ig anticipated, however, that
development of a new power source will again become necessary for kW balance in
1991. On the other hand, the results of kWh balance shows Guayabo Power Plant
will generate a considerable amount of surplus energy in a few years since the start
of operation in 1987.

Both outline programme of electric power development and estimated maxi-
mum power demand until 1990 are shown in Fig. II-1-10.
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Table II-1-~11 Installation Date of Thermal Power Plants

Year Power Plant Unit Capacity
Number (kW)
1954 San Antonio 1, 2 10,000
1956 Colima 1~ 4 11,896
1962 Colima 5, 6 7,660
1963 Liberia 2,3 976
1967 Liberia 1, 4 976
1967 Limon 1~4 8,000
1968 Liberia ] 488
1969 Santa Cruz 3 300
1572 San Isidro 8 200
1972 Limon 5~ 17 3,000
1972 Siquirres 3 300
1973 San Antonio (G) 3+ 4 38,100
1973 Santa Cruz 6 1,000
1973 San Isidro 6 300
1973 San Isidro 8 1,000
1973 Limon 8, 9 2,000
1974 Barranca (G) 1, 2 41,600
1974 Siquirres 1 500
1974 Siquirres 10, 11 2,000
1975 Siquirres 2 500
1976 San Isidro 1 300
1977 Moin 30,000

Note: the source is "SISTEMA INTERCONECTADO CARACTERISTICAS
DE PLANTAS TERMOELECTRICAS EN SERVICIO"
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Table II-2-1

General Description of Project

Item Units  Description Remarks
Type of Poweér Generation Diversion and On-Stream Pondage
Type )
Catchment Area km?2 1518
Pondage and Dam
Annual Inflow 106m3 4046 128 m3/sec (Average)
Annual Power Discharge 106m3 3296 105m3/sec (Average)
Pondage
Normmal Water Level m 430
Water Surface Area km2 0.512
Total Storage Capacity 106m3 4.49
Effective Storage Capacity  106m3 3.29
Drawdown m 10.0
Dam
Type - Combined Dam (Gravel Fill, Concrete
Gravity)
Hight x Crest Length m 38.0 % 855.0
Volume 103m3 564 (G.F), 198 (C.G.)

Waterway {Tunnel)

Headrace (Dia x Length) m 6.5 x 9,582
Power Production

Standard Effective Head m 155.0

Standard Water Level m 425.0

Tailwater Level m 246.0

Power Discharge

Maximum m3/sec  140.0
Firm m3/sec  45.0(Apr.) 77.3(Dec.)
See Section 5.2 Chapter 5
Output

Installed Capacity

MW 180

Firm Capacity

MW 158(Apr.) 180(Dec.) 59 MW Continuous

Annual Energy Production

100kwh 1,192

Transmission Line

Section - Power Plant-South Substation of San Jose
Distance km 60
Voltage kV(cct) 230 (2)

Construction Cost

Generation Facilities

106 ¢ 1980 ¢ : Colones

Transmission Line & Others 106 ¢ 150

Total Construction Cost

106 ¢ 2130

Economic Analyses

Cost of Energy ¢/kWh 0.211
Benefit Cosl Ratio - 1.18
Annual Surplus Benefit 106 ¢ 44.3
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CHAPTER 2 PLAN OF DEVELOPMENT
2.1 LOCATION AND OQUTLINE OF PROJECT AREA

2.1.1 Location of Project Area

Guayabo Project will have a dam with a pondage in the middle of Reventazon
river. The in-flows into the pondage with a catchment area 1,518 km? will be led
into the middle of a neighboring river, the Pacuare, hy means of a headrace tunnel,
and be used to generate electric power. The dam and the regulating pondage will be
located at 90°56' N.L. and 83°33' W. L. about 30 km northeast of Cartago City in
the Province of Cartago. The Power Plant will be located at 9°49' N. L. and -
83°33' W.L. about 40 km from Cartago City.

2.1.2 OQutline of Project Area

Costa Rica could be divided into the Pacific and the Atlantic coastal areas
by a narrow strip of mountaineous area which runs through the central part of the
country.

The mountaineous area is composed of mountain ranges such as Talamanca,
Central, Tilaran. The Talmanca range has peaks with altitudes of over 3,000 me-
ters, as represented by Mt. Chirripo (altitude 3,819 m above sea level).

The Reventazon river is one of the large rivers pouring into the Caribbean
Sea. It originates in the northern part of M{. Cuerici (altitude 3,394 m above sea
level) in the Talamanca mountains which are situated on the border between the
Provinces of Cartago and San Jose. It extends about 170 km from origin to rivermouth
with about 2,950 km2 of catchment area.

The uppermost tributary of Reventazon river is Grande de Orosi river,
which flows north, where it joins Macho river to form Reventazon river. The river
then flows into the Cachi reservoir and heads in a westerly direction in the neigh~
borhood of the Cachi Power Station, after which it joins Pejibaye river, another
major tributary of Reventazon river.

Then, the river course turns north at an angle of almost 90 degrees and
rools in the wide valleys whiclh lie along the mild-sloped foot-hills of Turrialba
volecano, reaching Guayabo dam site. TFrom this point downstream, the river ex-
pands its width steadily. It flows out of the mountains and enters into the plains at
a point about 25 kin downstream from the dam site. It runs farther about 45 km
downstream merging with Parismina river, and pours at 5 km into the Caribbean Sea.

The slope of river bed is 1/50 in the upstream of the confluence, where
Macho river is met, in the neighborhood of the Cachi Power Plant, 1/75 at Guayabo
dam site in the middle of the river system and 1/2,100 in the downstream of the dam
site where the river flows through the plains.

The catchment area of Reventazon river is one of areas where the heaviest
rainfalls are recorded in Costa Rica. The rainfalls in the catchment area vary
widely depending upon places, with some having an annual average of 8,000 mm of
precipitation. In the town of Turrialba close to Guayabo Project, rainfalls reach
2,700 mm a year. With rainfalls concentrated on the May-December period, the
period from January to April constitutes what is called a dry season while the rest
of the year forms a rainy season.
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The temperature is mild throughout the year, which average about 22°C in
the town of Turrialba (altitude about 600 m above sea level).

Geological foundation of the Project area is mainly of oceanic clastic rocks
consisted of mudstones and sandstones. The foundation is covered with voleanic
rocks distributed in the quaternary period on the left bank of the river and with ag-
glomerates distributed in the end of tertiary period on the right banlk.

Various permanent structures of Guayabo Project will be mostly to be de-
signed on the mudstones or sandstones which are the foundation of the area.

2.2 PRESENT SITUATION OF DEVELOPMENT IN REVENTAZON RIVER

Along Reventazon River, there are existing Rio Macho and Cachi Power Plant
Rio Macho Power Plant is located in the uppermost part of the river system
of the Reventazon river and takes in-flows from the main stream and Macho river,
a tributary, supplying the 90 MW power produced from a head between the intake
level (altitude 1,570 m ahove sea level) and the tailrace level (altitude 1,100 m).
A power unit is being added, which is now under construction, and after the com-
pletion of the work, the power supply capacity will be increased to 120 MW. Cachi
Power Plant is located downstream of Rio Macho Power Plant and makes use of
the in-flow from the mainstream of the Reventazon river, supplying the capacity of
64 MW by utilizing a head between the intake level of EL 990 m and the tailrace level
of EL 702 m. Cachi Power Plant is.the only existing power station with a reservoir
in Costa Rica. It.is being expanded to increase the output capacity to 96 MW.

2.3 OUTLINE OF PROJECT
2.3.1 Plan of Power Generation

Guayabo Project will envision construction of a dam, 38 m high, in the
mainstream of Reventazon, with a regulating pondage. Effective storage capacity
will be about 3 million m3, which will be subjected to regulation on a daily basis.

Water from this regulating pondage will be conduced to a power plant on the
left bank of Pacuare river by way of a headrace tunnel, a distance of about 10 km,
and discharged into Pacuare river after power generation.

The power plant will have an effective head of 1556 m with the maximum
power discharge 140 m3/sec, which will produce a maximum power output of
180 MW and an annual available energy of 1,192 million kWh. There will be three

units of turbines/generators. A general description of the Guayabo Plant is shown
in Table II~2-1. .

Guayabo dam will be a combined dam of a gravelfill type and a concrete
gravity type. The dam will be 38.0 m high with a crest length 655.0 m.

The concrete gravity dam will have a spillway facility and a sediment control
outlet.

The intake will be provided for the entrance of headrace tunnel in the right
bank immediately upstream of the dam and be capable of taking in-flows in the maxi-
mum capacity of 140.0 m3/sec.

The headrace tunnel will be 9,582 m long with 6.5 m diameter lined with
concrete. A pressure tunnel of concrete lining will be designed for the maximum
power discharge of 140.0 m3/sec.
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The surge tank will be of orifice type with an inner diameter 10.0 m and
a height 75 m. It has an upper water chamber and 2 lower water chamber.

A penstock will be laid on the ground. It will have an inner diameter of
6.5 m to 5 m until it will reach a point immediately before Power Plant, where il
will be branched into three pipes. The total length will be 465.0 m.

The power plant will be an on-the-ground type with (L) 62.0 m x (W) 28,0 m
x (F) 32.0 m. Power plant will be equipped with three units of 66 MW turbines and
78 MVA penerafors.

2.3.2 Transmission Line, Substation and Communication System

The power generated by Guayabo Power Plant will be stepped up to 230 kv
at an outdoor substation near Power Plant, then it will be transmitted to South Sub-
station of San Jose by way of a 60 km {ransmission line with two circuits to be pro-
posed in this study. South Substation of San Jose will be equipped with three units ol
step-down transformers hy the time Guayabo Power Plant becomes in operation.
Through those transformers the electricity will be sent with 34.5 kV transmission
line to demand areas.

A set of 230 kV line maintenance facilities and equipment has been designed
to be built befween the Guayabo Power Plant and South ;Substation of San Jose .
These include:

A load dispatching telephone circuit and line protection relaying system
consisting of power line carrier equipment; fault locator for 230 kV transmission
lines; and dam water level monitoring telemeters, which will be used for mainte-
nance and operation of 230 kV transmission lines and Guayabo Power Plant.

A system diagram of the transmission lines is shown in Fig. II-2-1. A transmission
line route diagram is shown in Fig. II-2-2.
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CHAPTER 3 HYDROLOGY

3.1 GENERAL DESCRIPTION OF METEOROLOGY AND HYDROLOGY IN PROJECT
AREA

In the area of Guayabo Project, the annual average temperature is approxi-
mately 22 degrees centigrade and the annual amount of rainfall is approximately
2,700mm. At Guayabo Dam site the annual in-flow is 4,046 million m3 and the
annual average run-off is 128 m3/sec. The run-off decreases from January to
May, and it tends to increase between June and December. The average run-off
from January to May is 82 m3/sec, and from June to December is 161 m3/sec.
The monthly average precipitation in the basin is 148mm from January to May and
27Tmm between June and December.

3.2 RUN-OFF GAUGING STATION AND METEOROLOGICAL GAUGING STATION

In the basin of the Guayabo Project and the sourrounding area, there are
many run-off gauging stations and meteorological gauging stations.

Fig, II-3-1 shows the locations. The period of record for which the
stations have recorded is indidicated in Tables II-3~1 and II-3-2, Among these the

Angostura gauging station is assumed to be a representative station for Guayabo
Project,

3.3 ESTIMATION OF RUN-OFF AT DAM SITE
3.3.1 Catchment Area of Dam Site

The total catchment area of the Reventazon River is approximately
2,800 km? and that of Guayabo site is 1,518 km2. The numerical value is calcu-
lated from a fopographical map with a scale of 1/50,000.

The catchment area of the Reventazon River is shown in Fig, II-3-2.

3.3.2 Representative Gauging Station

Angostura run-off gauging station is appropriate for the representative
station for Guayabe Project, since it is situated comparatively near the point of
project site and has collected the data of the daily run-off for 23 years.

3.3.3 Period of Analysis for Run-off

The period of analysis for the run-off will be 18 years from January in
1959 to December in 1976 for the following reasons.

(1} The average run-off in 18 years is approximately as same as the
average in 23 years,

(2) Angostura station has run-off records of 23 years in which the most
critical year of 1959 is included. Above-mentioned 18 years include the
critical year.
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Fig I-3-2 Catchment
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(3) Guayabo Project wiil give the power discharge into the Pacuare River
where Siquirres Project will be located. Study of Siquirres Project will
be made in Part III of Report. 8o, it is better that the period of analysis
for the run-~off is as same as that of Siquirres Project. TFortunately,
Pacuare station has run-off records since August 1958 which is one of
gauging stations for Siquirres Project.

As for the reason why the period of 18 years could be adequate, see
Item 3.4.2. mentioned helow.

3.3.4 Supplementation of Run-off Data

Some records of run-off in 18 years are missing. ICE supplementes the
missing records by determining the correlation between run-offs observed in
Cachi, El Humo and Pascua gauging stations and Angostura station. The supple-
mented data of the run-off is considered appropriate as a result ot study.

3.3.5 Run-off at Dam Site

The run-off of the river at the Guayabo Dam site is calculated, using the
formula stated below.

Aa
Aa

QG =QaA x

where Q@0: run-off at Guayabo Dam site (m3/ sec)
QA: run-off at Angostura station (m3/sec)
AG: catchment area of Guayabo Dam Site (krnz)
AA: catchment area of Angostura station (km2)
Table If-3-3 shows the monthly average of the run—-bffs at Guayabo Dam
site which are computed by the formula stated above. It is quite natural that the

run-off observed at the Angostura station has been influenced by the regulation of
Cachi Reservoir since 1967.

However, in this study, the influence of the Cachi Reservoir control is

not considered. It is thought that the run-off data should be reconstructed
giving due considerations to the influence in the definite study in future.

3.4 RAINFALL
3.4.1 Precipitation
The distribution of the annual amount of precipitation in the Republic of

Costa Rica is shown in Fig. [1-3-3. By this isohyetal map, Costa Rlea could be
divided into two zones as follows.
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(1) Wet zone: Atlantle Ocean side and the southern part of the Pacific
Ocean side.

(2) Dry zone: The central valley and the northern part of Pacific
Ocean side.

Drainage basin of Reventazon River is situated in the wet zone of
Atlantlc Ocean side. Tig. II-3-4 indicates the isohyetal map in the basin.

The annual precipitation in the bhasin is outstandingly different in places.
Tor example, Cartago meteorological gauging station records about 1,300 mm,
while T-Seis meteorological gauging station has 7,900 mm. T-seis station is
situated in the basin of a tributary, of Reventazan, Pejibaye, which has much
more rainfalls in the basin, Turrialba meteorological gauging station, which is
comparatlvely close to the Guayabo Project, records the amount of rainfall 2,700
mni.

The monthly precipitations at the stations are denoted in Table II-3-4 and
Fig. 11-3-5,

In general, the amount of rainfall in the basin decreases from January to
April and increases from May to December. The tendency is also noticed by the
number of rainy days in each month in Fig. JI-3-6. Hyetograph of 1-hour rainfall
(mm) in an average year, which is recorded at Turrialba station, is shown in Fig.
I1-3-7. The precipitation happened from May to November tends to concentrate on
the time between fifteen and twenty o'clock.

3.4.2 Periodicity of Precipitation

Turrialba meteorological gauging station has precipitation records for
35 years by the end of 1976 while San Jose meteorological gauging station has
records for the longest term in Costa Rica, that is, 92 years by the end of 1976.
The data of monthly average are plotted on a graph shown in Fig. I-3-8.

According to the figure, it could be said in general that both tendencies
are similar to each other. Therefore, tendency of the annual precipitation in the
basin could be estimated by the data of San Jose station which is located outside
the basin,

To find out periodicity of precipitation for Turrialba station, power
spectrum analysis by Fourier transformation is made by using the data of monthly
precipitation at San Jose station.

The result is shown in I'ig. II-3-9, and the periods of 4 years, 6 years,
9 years and 36 years are very prominent. The longest period is 36 years among
them, but considering that the data is for 92 years long, the period is not reliable
very well. Thus, it is appropriate that the reliable longest period or periodicity
is thought to be 9 years.

In other words, it means that the period of analysis for the run-off should
be at least 9 years.

The 18 years, which is mentioned in Item 3.3.3 and considered as the
period of analysis for the run-off, exceeds 9 years, so it could be sufficient for
the analysis.
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3.5 RUN-OFF

The monthly average run-offs from 1964 to 1973 recorded by the main
gauging stations are indicated in Table O-3-5. '

Specific run-offs (the run-off per 100 km2 of drainage area) are shown in
Table II-3-6.

According fo the Table, the specific run-off at Angostura gauging station is
9.01 m?/sec.

A comparison made between the specific run-off and those of other gauging
stations is as follows:

1) The specific run-offs at such gauging stations, along the main stream,
as Cachi, Cordocillal and Pascua are from 0. 86 to 1,12 times the
specific run-off of Angostura, and they are nearly equal.

2) The specific run-offs at such run-off gauging stations along the tributary,
Pejibaye River, as El Humo and Oriente, are between 1.79 and 1,94
times the specific run-off of Angostura. Much precipitation in the
Pejibaye basin is the reason why those run-offs are exceedingly large,
as stated in Item 3.4.1.

The monthly average and the monthly maximum and minimum run-offs
at Angostura station in 18 years from 1959 to 1976 are shown in Table
II-3-7. According to the table, the annual average run-off in 18 years
is 113 m3/sec.

The run-off duration for each year is shown in Table TI-3-8 and Fig. II-
3-10.

An average run-off duration is shown as follows.

Duration 95 days 185 days 275 days 355 days
Run-off 140 101 63.7 38.1
m3/sec

The monthly average run-off duration curves for 18 years are shown in Fig.
I1-3-11.

Both the monthly average precipitation at Turriatba station and the monthly
average run-off at Angostura station are indicated in I'ig. II-3-12 from January
1959 to December 1968,

3.6 TEMPERATURE, HUMIDITY AND EVAPORATION

The data concerning temperature, humidity and evaporation are shown in
Table II-3-9.

As for the evaporation, it is not studied because it does not influence run-
off so much. :
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3.7 DESIGN FLOOD

The design flood at the Guayabo Dam site has been studied by ICE, and there
is a report indicated below.

"Informe Hidrologico Preliminar Proyecto Hidroelectrico Amistad, Deparia-
mento de Estudios Basicos, ICE Dec. 1974'".

As a result of review of the report, the design flood for spillway could be
determined at 8,600 m? /sec which would be reasonable. Actually, ICE is revising
the calculation of design flood with hydro-meteorological metheds. So, the design fiood
should be studied again in the definite study in future.

" The design [lood during construction will be different in each stage of con-
struction. As stated in Item 6.2.2, care of the river will be made in 3 stages
for which the different flood discharges could be assumed depending on the
structures to be built. The design floods during construction are as follows.

During construction in the 1st stage;

Embankment of [ill type dam will be carried out, and the design flood could
be the existing maximum run-off 4, 200 m3/scc.

During construction in the 2nd stage;

Construction on a part of concrete gravity dam will be carried out, and the
design flood could be a prohable flood of 5 year's return period 1, 600 m3/sec,

During construction in the 3rd stage;

Construction of the remained part of concrete gravity dam will be carried
out, and the design flood could be 800 m3/sec.

The annual maximum run-offs in the 18 years at Angostura station are shown
in Table II-3-10. The Design flood at Guayabo Power Plant site will be 4,300 m?3 /sec
determined by the design flood for Siquirres Dam 4,900 m3/sec and a ratio of
catchment areas.

Design flood for the Siquirres Dam will be described in Chapter 2, "Hydrology
and Geology'', of Part TII.

3.8 SEDIMENTATION .

The construction of a dam in a natural river creates a reservoir or pondage,
which cannot avoid a phenomenon of sedimentation in itself. The problem of
sedimentation will occur when a reservoir or pondage is going to lose its utility
damaged by the sediment. At present, methods have not yet been developed to
extrapolate existing results of fundamental research to broad, compiex areas,
such as watersheds, [or prediction of the expected rate or processes of reservoir
sedimentation. *

According to the data on sedimentation in many reservoirs, sedimentation
will proceed in general as indicated in Figure I1-3-13.

* See "Handbook of Applied Hydrology", Ven Te Chow, McGraw-Hill,
1964, p. 17-3.
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Table IT-3-8 Run-off Duration at Angostura Gauging Station

Catchement Area 1337 km2(Unit: m3/sec)

Year Max. 95 day 185 day 275 day 355 day Min. Mean
1959 757 111 79.9 37.3 24,7 22,9 85.9
1960 457 114 87.6 556.2 35.5 32.6 96.9
1961 544 122 92.0 40,6 28.1 25. 8 95.3
1962 900 141 98.8 52.8 32,2 29.6 115
1963 376 130 96,2 69.3 47,2 39.4 107
1964 340 137 88.8 46.0 24.86 23.4 98.5
1965 37T 141 108 71.0 35.0 31.0 111
1966 593 148 119 93.0 43.0 36.0 129
1967 298 148 116 84,0  44.0 38,0 121
1968 468 161 126 82,5 48.0 33.9 128
1969 742 138 90.6 47,0 32.5 27.8 107
1970 2630 188 142 98.0 55.0 46.0 181
1971 430 154 108 73.5 54.4 47.0 120
1972 497 118 85.3 6b. 6 42,7 28.9 98.4
1973 523 140 96,6 ol.4 26.0 20.9 111
1974 873 130 93.8 63.8 46.6 22,0 108
1975 907 168 100 43.9 32.5 24,2 117
1976 429 124 92,0 63.1 33.8 26.8 102
Average - 140 101 63.7 38.1 - 113
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Table 1-3-10  Annual Maximum Discharge
Angostura pauging station
Catchment Area 1,337 km?2

No. Year Days Discharge (m3/sec)
1 1959 22 Jun. 370
2 1960 8 Oct. 511
3 1961 26 Dec. 636
4 1962 4 Nov. 1,080
5 1963 9 Dec. 671
6 1964 19 Sep. 693
7 1965 13 dJun. 589
8 1966 26 Dec. 926
9 1967 5 Jun. 569
10 1968 15 8Sep. 876
11 1969 24 Nov. 1,660
12 1970 95 Apr. 3,800
13 1971 23 Sep. 683
14 1972 4 Sep. 642
15 1973 10 Dec. 1,000
16 1974 4 Dec. 1,230,
17 1975 14 Dec. 1,260
18 1976 4  Jun. 598
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In floods, spillway gates-and sedlment control gates will be open to dis-
charge the flood. At the time, smaller particles of sediment could be brought
downstream with it, butf bigger sediment would deposit in the upstream. The
same phenomenon is found in Cachi reservoir of Reventazon River.

The recorded volume of sediment is approximately 900 m3/ km2/year for
Cachi reservoir.

On the other hand, in the river channel near the Guayabo Dam site, there
are pretty amount of sediment. Therefore, it seems that lots of sediments would
be brought into Guayabo pondage and similar phenomenon to Cachi Reservoir
might be happened.

Thus, it will be necessary for the Guayabo Dam to provide sediment control
out-let at the botlom of Dam. When floods will flow into the pondage, the gates of
spillway and outlet will be open to evacuate the flood with sediment, and the use-
fulness of pondage could be preserved.

In estimation for effective storage capacity of the Guayabo Pondage, it could
be assumed that sediment might deposit linearly in the pondage from the crest of
spillway (EL. 415 m) to the end of pondage with a grade (1/90) which is half of
grade of the river (1/45).

Fig.0-3-13 Delta Formation in Pondage

Pondage

Spillway\ - . W, .//

Bottom [
outlet \ o
Original —

bed profil

-

Sedimentofion

Original bed profil

Note ------ Assumed Final Surface of Sedimentation
with a Grade 1/90
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CHAPTER 4 GEOLOGY AND CONSTRUCTION MATERIAL
4,1 OUTLINE AND CONCLUSIONS
4.1.1 Purpose and Scope of Geological Survey

The purpose and scope of survey are not only to select the most [avorable
sites for objectives but also to offer basic data for a preliminary design. The field
survey and the analysis of the result has been made, from the engineering geo-
logical point of view, regarding pondage area, such proposed structures as dam
and tunnel, and construction materials for Guayabo Project. In addition, they are
to prepare a plan of geological survey for the future, before a definit design, on
the basis of results of the survey and analysis which will have clarified the geological
problems for the sites.

The geological survey of Guayabo Project was started by ICE in 1974, and
so far the exploratory works shown in the table 11-4~1 have been executed. In the
investigation works, the data of almost all borings have been written in the following
two reports by the engineering geologist of ICE together with their comments on
the results of the field reconnaissance of the project site:

Proyecto Amistad-Siquirres Sitio de Presa de Guayabo

"Informe Geologico de Reconocimient! : Junio 1975
Proyecto Amistad Linea de Tunel y Casa de Maquinas
"Informe de Reconocimient Geologico! : Mayo 1975

In our survey, we have carried out not only detailed geological survey of
the proposed sites but also observations of the test pits and boring cores on the
sites. In addition, microscopic inspection, X-ray diffraction of rock samples and
a preliminary analysis of the result of seisinic prospecting were made in Tokyo.

4.1.2 Concll_.lsions and Recommendations

A summary of our opinions, from the engineering geological point of view,
upon the Guayabo Project obtained by the survey is as follows., It is concluded that
there is no unusual problem which jeopardize the implementation of the project.
However, there remains some problems to be clarified in the [uture, and the ex-
ploratory works are necessary before carrying out definite study as shown in the
Table I11-4-2. '

(1) Guayabo Pondage Area

In the area, there exisits no pervious stratum which could be a problem for
the preservation of pondage watertightness. In addition, there is no possibility of
large landsliding and collapsing of the slopes surrounding the pondage after the
filling up of pondage.
(2) Guayabo Dam Site

Guayabo dam is proposed to be a combined dam. The foundation is consisted
of soit clastic sedimentary rock in Tertiary Period, but they have sufficient strength
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Table 11-4-1  List of Geological Exploratory Works at Guayabo Dam Site

Site No. Elevation(m* Length (*1;1*) Remarks
DB-3 411. 67 30.0
DB-4 416.94 30.0
DB-5 421.31 30.0
Lelf; i :; DB-6 | 410.98 50.0
= | bB-7 | 415.06 30.0
E DB-9 420. 63 30.0 | i oction:
DB-10{ 410.98 163, 25 s72° E, 4%
Total: 7 holes, 343. 25m
:‘é‘ DP-1 421.0 7.5 Excavating
% DP-2 412. 5 7.0 as of Oct. 1977
B Total: 2 pits, 14.5m
Dam
site 5-1 - 360.0
Upstream S5-2 - 260.0
by 5-3 - 170.0
River 'E,j' S-4 - 155.0
bed g‘; 8-5 - 135.0 | Prospecting
5 S-6 _ 970.0 as of Qct. 1977
Left E S-7 - 220.0
bank g | s . 220.0
5-9 - 80.0
5-10 - 90.0
Total: 10 traverses. 1960.0m
Headrace tunnel -Eor’ HB-1 - 180
Surge tank -;,? SB-1 456, 64 116. 50
Power house 5 PHB-1 - 25.35

* Top elevation of drill hole and test pit.

** Length of hole and seismic traverse and depth
of pit.
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Table M~4-2
Guayabo Dam Site

List of Geological Exploratory Works Suggested at

Site No. Length( m); Remarks
DB-11 30.0
DB-12 30.0
o DB-13 40.0
E DB-14 30.0 Water pressure test should be
= DB-15 30.0 performed at drill hole.
Dam ‘0 DB-16 30.0 DB-11, DB~12, DB-13 and
site a DB-17 30.0 DB-14.
DB-18 30.0
DB-19 30,90
Total: 9 holes 280.0 m o N
'E‘. DP-3 10.0 Plate loading test, grain size
‘%’ DP-4 10.0 analysis and water pressure
=~ | Total: 2 pits 20.0 m test should be performed on mud
Headrace HB-2 40.0 glow d.c:posit and lower terrace
tunnel HB-3 40.0 epost
Total: 2 holes 80.0 m
PB-1 30.0
Penstoclk PB-2 25.0
.E.o’ PB-3 20.0
< | Total: 3 holes 75.0 m l
T IB-1 10.0
a IB-2 10.0
o IB-3 10,0
& IB-4 10.0
s IB-5 10.0
o E IB-6 10.0
] Total: 6 holes 60.0 m
Borrow| &
area % g:; :8 Laboratory test should be
= P-3 5.0 perforrﬁned on sample taken
P-4 5.0 from pits.
= | Total: 4 pits 20,0 m
ol e
R RP-1 7.0
e E'Jn ~ RP-2 7.0 Grain size analysis in site
& b RP-3 7.0 and laboratory test for
= = RP-4 2.0 aggregate should be performed.
< & RP-5 7.0
8 & RP-6 5.0
o Total: § pits 35.0 m

* Length of drill hole and depth of test pit.
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for the foundation of both concrete dam and fill type dam proposed of about 40
meters, and they could have enough watertightness if provided with low pressure
curtain grouting. '

However, for the foundation of concrete dam on the right bank, in-situ test
is necessary to know the physical characteristics of clastic rocks. For the base of
proposed fill type dam on the left bank, it is necessary to clarify the physical
characteristics of the mud-flow deposit covering the basal rock in order to get data
for the treatment of the foundation in the definite study.

The axis of proposed dam is considered to be most excellent from the topo-
graphical point of view.

3) Headrace Tumel

In the area of the route for headrace tunnel, there is a distribution of
clastic sedimentary strata in Tertiary Period composed mainly of mudstone. The
mudstone is by nature poorly cemented, weak against water and easy to weather.
Therefore, permanent supports will be necessary through almost all sections of
the tunnel with a large diameter of 8 m. Concrete lagging might be necessary for
sheared zone and the places where ground water might come out. In addition,

a few of faults might cross the tunnel.

On the basal rock, there are some distributions of agglomerate strata com-
posed of unconsolidated pyroclastics, and the strata would encounter with the tunnel
near the point of IP-3. As the coverage of rock on the tunnel is small at points IP-
2 and IP-3, it is necessary to investigate the geological condition by drilling.

It is confirmed by X-ray analysis made in Tokyo that the mudstone in the
basal rock contains montmorillonite. Therefore, a study is necessary on the ex-
pansiveness of this mudstone.

4 Surge Tank and Penstock Sites

They are located in the tuffaceous clastic rocks of Tertiary Period. The
rocks also belong to soft rocks, but fresh rocks of them have enough bearing
capacity for the base of proposed structures. At the site of the surge tank, con-
siderable weathering down to 20 meters from the ground is seen by core boring.

As for the locations of anchor blocks, an investigation is necessary by drilling on
weathered layers.

(5) Power Plant Area

By changing the course of meandering Pacuare river, we will be able to
provide a flat land for the power plant. The basal rock is formed by the lava which
contains andesitic or basaltic massive rocks and has the same nature as pyroclastic
rocks. It has enough bearing capacity for the foundation of power plant.

The thickness of river deposit is estimated at a few meters.

(G) Construction Material
As for iinpervious material, the weathered zone of the unconsolidated

agglomerate distributing around the dam site could be used. There is no problem
regarding the quantity, but further investigation and test are necessary on the
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characteristics of the material for the preparation of definite study.

As for filter material, gravel material and concrete aggregate, the river
deposits in the up- and down-stream of the dam site could be used. The river
deposits are composed of andesitic rock with enough strength of material for con-
struction and there is no problem of quantity. The deposits contain much gravels
of larger size, and screening would be necessary [or obtaining filter material, Tor
make it certain, grain size analysis and aggregate test are necessary. Filter
material could be obtained not only from unweathered agglomerate in the deep
portion of the area where impervious materials would be taken, but also from mud
deposits excavated oif the dam foundation. In conclusion, testing of materials is
indispensable for the definite study on dam.

4.2 GENERAL GEOLOGY OF PROJECT AREA
4.2.1 Topog(aphy

Costa Rica, situated at the south end of Central America, has a slim
territory extending northwest-southeast, and is held between the Pacific Ocean and
the Caribbean Sea. Along the center line of the land runs a mountain range in the
same direction of northwest-southeast. This mountain range was brought about by
Continental plates movement and the consequent volcanic activity, forming a part of
the Circum-Pacific volecanic belt. This mountain range has an average height over
2,500 meters in its southeastern part where stands the highest peak Mt. Chirripo,
3,819 meters. A volcanic row including Mt. Iraz, 3,432 meters, forms the
mountain range extending from the middle to the northwest. The volcanic row
diminishes its height gradually to the northwest and disappears near the border of
Nicaragua. Most rivers flow out of the mountain ranges, [orming alluvial plains
toward the sea-coast and pour into the Pacific and Atlantic Oceans.

The site of Guayabo Project is situated in the mid-stream area of both
Reventazon river and Pacuare river about 50 kilometers east of San Jose, the
capital. The both rivers originate from the northwest of M{. Chirripo and flow to
northeast collecting water from their dendritic tributaries. They go through
mountainous areas over at the points about 20 kilometers down-stream of the
project site, forming alluvial plains with vast forest area along the seacoast.
Tinally it pours into the Caribbean Sea. '

At the northwest of Project site spreads the skirt of Mt. Turrialba, a
stratovolcano, with a moderate slope. To the southeast of Project site spreads a
hilly area 600 to 700 meters high above sea level, formed of clastic sedimentary
rocks in Tertiary Period. Reventazon river flows down along the border of these
two areas with different topography, forming a valley with a wide bottom. On the
contrary, Pacuare river, in which Power Plant will be located, has a narrow
river bed, forming comparatively steep slope on both banks.

4.2.2 Geology (Fig. 1I-4-1)
(1) Stratigraphy

The geology, which forms the base of Costa Rica, is classified into two:
mainly marine clastic sedimentary rock of Cretaceous Period to Tertiary Period,
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Fig. I-4-1
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and voleanic rocks of late Tertiary to Quaternary Period. The former forms a zonal
distribution extending in the direction of northwest-southeast, with older sedimentary
rocks along Pacific coast and newer ones along Atlantic coast. This comparatively
simple geological structure was brought about by Continental plates movement.

In some parts, igneous activity including intrusion of plutnic rocks is seen. The
latter was formed by the igneous activity of Circum-Pacific voleanic belt and spreads
widely from the central part to the northwestern part of Costa Rica. In this volcanic
belt, there are still active voleanos and Project site locates at the east of Mt. Irazu
one of the active volecanos. .

The geology of Project area is the clastic sedimentary rocks in Tertiary
Period, volcanie rocks and alluvium of Tertiary to Quaternary Period. The clastic
sedimentary rocks, which form the base of Project area, are classified into Tuis,
Las Animas and Useari formations, which are formed mainly of marine clastic
sedimentary rocks deposited during Palacocene to Miocene stages in Tertiary Period.
The volcanic rocks of Pliocene to Quaternary are mainly formed of andesitic ag-
glomerate and andesitic lava. The andesitic agglomerate covers the basal rocks
with a thickness of several to about 15 meters and widely spreads over the ground.
Andesitic lava is only seen in some parts covering the former, but its distribution
and thickness are not identified. The alluvium is formed of river deposits, terrace
deposits, mud-flow deposits, etc. distributing in a small area along the present
river course.

The stratigraphy of these strata distributing in the project area is shown in
the Table II-4-3.

{(2) The characteristics of each [ormation

The relation of the proposed structures with the formation is shown in the
Table II-4-4. The characteristics of each formation and rock, and the evaluation
of them as foundation rock or material are as follows.

(a) Tuis [ormation
This formation is located in the basal strata of Guayabo Project area
and widely distributes along Reventazon river and Pacuare river in the
upstream of Project area. In Project area, it distributes along Pacuare
river where the Power Plant is proposed and is divided into upper and
lower formations.
The lower formation is composed of pyroclastic rocks including andesi-
tic or basaltic lava and agglomerate. Each layer has sedimentary
structure of 5 to 15 meters thickness. At some parts small dykes of
dolerite, which are intrusive rocks, are seen. The rocks forming the
lower layer, including pyroclastic rocks, generally have considerable
consolidation and enough strength for foundation of Power Plant.
The upper formation distributes around Surge Tank and Penstock. It is
tuffaceous and formed of siltstone, sandstone and conglomerate of gray-
green color. These clastic rocks contain limy micro-fossils and bits
of fossils. According to the drill hole SB-1 (length 116.5 meters in
vertical) for Surge Tank, sandstone is most predominant compared with
siltstone and conglomerate, and considerably tuffaceous in general., X-
ray analysis was made in Tokyo on the samples of fuffaceous sandstone
obtained at the depth of 46.9 meters of the boring core. The result
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Table I-4-4  OQutline of Stratigraphic Sequence and Rock Type of

TFoundation Rock at Sites of Guayabo Project

Diagramatic Thickness
Column " Roek Type (m) Distribution
Mud ~flow deposit 7 to 14

Dam site and
pondage area

O © Lower Terrace Deposit dJto O
C 0 O
Mudstone and sandsione;
Uscari * locally interbedded with Dam site, intake
Formation ° conglomerate and fossil headrace tunnel and
; - - bed pondage area

Tufferceous siltstone,
sandstone and

Surge fank and

conglomerate penstock
() \.L\\ A Andesitic or basaltic Penstock, power
A \ Lo lava and pyroclastic plant site and its
\ L rock vicinity
O \ _L\A (Dolerite; intrusive
\ \ rock)
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(b)

()

()

shows that the clay mineral contained in the sample is very little in
quantity and it is formed mainly of montmorillonite group.

Each rock of the upper formation belongs to poorly consolidated soft
rock, but fresh rocks have enough bearing capacity for the foundation
of Surge Tank and anchor blocks of Penstock.

Las Animas formation _

This is. considered as contemporaneous heterotopic facies to Tuis
formation and is formed of bedded limestone with high solidity con-
taining many fossils. It distributes upstream of 1.6 km point from

Guayabo Dam site and has no relation with the proposed structurea and
pondage,

Uscari formation

It forms the base of Dam site and of the route of Headrace Tunnel. This
formation covers the above-mentioned Tuis formation and Las Animas
formation. Judging from the harmonious geologic structure, these
formations are considered to be conformable to each other. It is formed
mainly of mudstone and sandstone, and partly intercalated with con-
glomerate and thin fossil bed. Mudstone, which is most dominant there,
forms in some places alternation with sandstone in several ten centi-
meters to several meters thickness, and in other places massive
texture of up to 10 meters thickness. Mudstone generally has dark gray
color. Sandstone is classified into medium to coarse grained bed with
light gray-brown color and fine grained bed with lamina and dark gray
color. Mudstone, sandstone and conglomerate contain more or less limy
micro fossils and fossil bits.

All Clastic rocks of Uscari formation belong to soft rocks, but the test
on boring core of Dam site shows that fresh rocks have 100 to 250 kg/
cm? compressive strength and enough strength for the foundation of the
proposed dam.

X-ray analysis was made on the mudstone samples obtained at the in-
take site on the right bank of the Dam axis. The result showed that the
mudstone sample contained clay mineral belonging fo montmorillonite

in considerable quantity.

Agglomerate

This formation was formed by volcanic activily in Pliocene of Tertiary
Pericd and unconformably covers thie Tertiary Clastic rocks. This
agglomerate shows a wide distribution in the southeastern part of the
Project area with a thick layer but gradually diminishes its distribution
and thickness in the northeastern part. It widely spreads in the hilly
area of 600 to 700 meters in elevation where the Headrace Tunnel runs
through. According to drill hole HB-1 (length 180 meters in vertical)

in headrace tunnel investigation, the thiclness is about 37 meters. The
agglomerate is formed mainly of andesitic angular-subangular breccia
of 10 cm to several cm diameter and tuffaceocus matrix filling them.

Its degree of consolidation is very low. It is very much weathered in
the surface layer except the areas along the present river course which
are much ercded, and andesitic rocks show onion structure weathering.
They could be counted as good materials for impervious materials for
fill type dam, as is stated in 4.4.1, In relation to proposed structure,
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the distribution might be found around the point IP-3 of Headrace Tunnel.

(e) Andesitic lava
It was formed by Quaternary volecanic activity, and consists of pro-
ducts of voleanos of Mt. Turrialba and Mt. Iraz in the northwest of
Project area. They are seen in a brooklet on the right bank 1.4 km
upstream of the dam site, but it has no relation with the proposed
structures. It is called as Pavones lava and covers unconformably the
agglomerate., It is considered to have several 10 meters thickness
but its detail distribution is not known yet.

(Y Overburden
Reventazon river where Guayabo Dam will be located forms a valley
with a wide bottom. There are seen terrace deposits spotted at 15 -
20 m above present river bed and mud-flow deposits laying almost
continuously at lower levels. The mud-flow deposits cover lower
terrace deposits. All these deposits are not consolidated as well as
deposits on the present river bed.
The mud-flow deposits form a wide flat area at 10 to 15 m. above the
present river bed, and have an important relation with Project. They
were formed by massive products of present volcanos consisting of
mixed deposits of boulder to clay with poor sorting. Their nature is
quite different from that of terrace deposits and river bed deposits.
Mud-flow deposits have 7 to 14 m thickness around the dam site and
it is a problem to be studied whether they can be left in the foundation
of the core zone of Fill Type Dam.
The lower terrace deposits and river bed deposits consist mainly of
subrounded to round pebbles or cobbles with small quantity of granule
and sand filling them. Gravels consist mostly of grey - purple colored
hard andesite. Thickness of the river deposit on Reventazon river
around the dam site are considered to be 3 to § m. The river deposits
near the dam sife are the best concrete aggregate and rock material
for Fill Type Dam.
There are no imporiant alluvial deposits along Pacuare river where
Power Plant will be located. Only a small quantity of river deposit is
seen on the narrow bed of river.

(3) Geologic Structure

The geologic structure of Costa Rica is dominated by Continental plates
movement, and NW-SE direclion is predominant. The Talamanca mountain range
in the southeastern region and Central mountain range consisting of volcanos in the
middle to northwestern regions, which form the country's back bones, follow the
above structure.

As stated before, the rocks which form the basal structure of Costa Rica
are mainly marine clastic sedimentary rocks deposited during Cretaccous Period
in Mesozoic Era to Tertiary Period in Cenozoic Era. There, rocks with folding
structure and faults along NW-SE direction develop by the influence of Continental
plates movement. Gonerally speaking, older sedimentary rocks along Pacific coast
and younger rocks along Atlantic coast distribute with zonal arrangement in NW-SE
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direction. The volcanic rocks of late Tertiary to Quaternary distributing middle
part to northwestern part of Costa Rica were formed by Circum Pacific volcanic
activity following after the Continental plates movement. These rocks unconformably
cover the basal rocks composed of sedimentary rocks, but the faults and active
volecanic row basically show NW-SE direction.

The Tertiary clastic rocks which mainly form the basal rocks in Project
area repeat symmetrical folds with moderate slopes having fold-axis of nearly
NW-SE direction. The faults in Project area are either in parallel direction to
this fold structure or partly in the direction obtusely crossing the fold structure.

The Andesitic agglomerate widely distributes covering unconformably these
basal rocks. The contact of these two rocks in Project area does not harmonize
with the fold structure but rather, generally speaking, it is nearly flat. Further,
in Project area, there exists supposedly no large scale faults or active fault which
endangers implementation of Project.

4.2.3 Earthqualfe

Costa Rica is situated in a part of Circum Pacific Seismic Zone and active
seismic activity is observed all over tlie country, but the frequency concentrates on
the Pacific coast and it is very few on the Atlantic coast.

The records of earthquakes during 1904 to 1974 in Costa Rica are shown in
Fig. II-4-2 and Table II4-5, These records are geophisically indentified by
observation in Costa Rica and data of seismic observation organizationsin the
world. Some earthquakes have records only of casualties without any records of
scale.

In the records, most earthquakes, about 75% of the all, had hypocenters
with 30 to 60 km depth. Earthqyakes of hypocenter with 0 to 30 km depth are few,
and their epicenters are limited to the Pacific side of the southern part of Costa

Rica to Panama. A few earthquakes of hypocenter with 60-300 km depth took places
along the Pacific coast from mid Costa Rica to the border of Nicaragua.

Guayabo Project is located nearly in the central part of Costa Rica. The
earthquakes which occurred near Project area concentrate in the Pacific coast to
the southwest of the Project area in 40 to 100 km away.

The earthquakes of magnitude 6.5 or more, which occurred during 70 years,
within the sphere of radius 100 km are shown on the Table II-4-6.

Table I1-4-6 Farthquake around Guayabo Project Area

. Magnitude Depth Date of
Epicenter {M) (lkkm) Qccurrence
*] 7.0sM<7.5 30.0£D<60.0 Mar. 4, 1924
Within 50 km < : ‘
7.08M<7.5 60.0=D<100.0 Nov, 19, 1948
7.06M<7.5 30.0=D<60.0 Aug, 16, 1909
2 6.5=M<7.0 60.0=D<100.0 Jun. 18, 1939
Within 100 km ' 6,58M<7.0 30.05D<60. 0 Dec. 22, 1939
"6.5=2M=7.0 - 30.02D<60.0 Oct. 27, 1940

*1 : Centering around Guayabo Dam Site
*2 + Excluding *1
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Table I1-4-5 List of Earthquakes in Costa Rica
No. Date Time | Remarks No. Date Time | Remarks
1 Dec. 20, 1904 - 52 Apr. 8, 1957 -
2 Jan. 20, 1905 - 53 Jul. 10, 1957 -
3 Aug. 16, 1909| -~ 54 Oct. 15, 1957| -
4 Apr. 13, 1910 - 55 Apr. 15, 1958 -
5 Jun. 6, 1912 - 56 Jun. 6, 1958 - &
6 Apr. 24, 1916 - 57 Jun. 12, 1958| - it
7 Apr. 26, 1916| - 58 Jan. 13, 1959 | - 5
8 Jul. 16, 1920 - 59 Apr. 24, 1959 | - i
9 Dec.8-9, 1922| - 60 Apr. 11, 1959 | -~ o
10 Mar. 4, 1924| - 61 Dec. 6, 1960 - &
11 Mar. 7, 1931| - 62 Feb. 5, 1961| - 10
12 Oct. 12, 1931| - F 63 Feb. 27, 1961| - @
13 Dec, 20, 1931| - § 64 Mar. 20, 1961 - l
14 Oct. 2, 1932| - . 65 May 23, 1961 -~ i
15 Jan, 12, 1933 - & 66 Nov. 10, 1961 - A
16 May 30, 1933| - = 67 Mar. 12, 1962 -
17 Nov. 21, 1933] - 3 68 Jul. 26, 1962 -
18 Nov. 23, 1933] - = 69 Sep. 18, 1962| -
19 Nov. 29, 1933| - o 70 Jul. 9, 1963| -
20 | Jul. 18, 1934]01:36| £ | 71 | Jul. 30, 1064| -
21 | Jul. 18, 1934| 04:00 | & 72 | Dec. 15, 1965| -
22 Jul. 18, 1934} 06:35 9 73 Oct. 16, 1965| -
23 Jul. 18, 1934 16:09 = 74 Mar. 27, 1966 | -
24 | Jul. 18, 1934]16:59| € | 75 | Apr. 9, 1966|02:34
25 Jul. 21, 1934 10:39 a 76 Apr. 9, 1966 |02:42 o
26 Dec. 22, 1934| - & 77 Oct. 12, 1966| - "
27 Aug. 1, 1935| - ! 78 Apr. 22, 1967 | - Nl
28 | Mar, 20, 1936] - g | 1 | Oct. 3,1967| - 2
29 Mar. 9, 1937] - ~ 80 Oct. 4, 1967| - §
30 Jun. 18, 1939] - 81 Jul. 17, 1968| - o~
31 Jun. 18, 1939( - 82 May 11, 1969| - A
32 Oct. 20, 1939 - 83 Jul. 4, 1969 - &
33 Dec. 21, 1939 - 84 Jan. 6, 1870 - =
34 Dec. 21, 1939 - 85 Jan. 20, 1970 - 4
35 Dec. 22, 1939 - 86 Jun. 5, 1971 - !
36 Oet. 5, 1940] - 87 Sep. 28, 1971] - £
37 Oct. 27, 1940| - 88 Feb. 17, 1972| - —~
38 Oct. 8, 1941| - 89 Apr. 14, 1973 | - &
39 Dec. 5, 1941 20: 90 Aug. 4, 1973 - UUJ’
40 Dec. 6, 1941] 01: 91 Oet. 2, 1973| - -
41 Dec. 6, 1941} 21 92 QOct. 18, 1973 - &
42 Nov. 19, 1948| - 93 Dec. 16, 1973 | - N
43 Aug. 18, 1949| - 94 Feb. 28, 1974 |20:15 ¥
44 Oct. 5, 1950 - 95 Feb, 28, 1974 20:20 =)
45 Aug. 21, 1951| - 96 Feb. 28, 1974 | 21:35
46 Sep. 9, 1952 - | 97 May 4, 1974 -
47 Jan. 17, 1953 - 98 May 16, 1974 -
48 Sep. 1, 1955| - 99 Jul. 21, 1974 | 21:41
49 Jul. 19, 1956/ 23:26 100 Jul. 21, 1974 | 22:33
50 Jul. 19, 1956| 23:38 101 Dec. 6, 1974| -
51 Feb. 4, 1957 -
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Namely, within the sphere of radius 50 km, two times of earthquakes on
magnitude 7.0 ~ 7.5 occurred, and within the sphere of radius 100 km occurred 3
times on the same magnitude. They had hypocenters of 30 - 100 km depth. From
this history, it is assumed that an earthquake might happen of magnitude 7.0 more
than once in several 10 years.

The structures should be designed so as to be safe sufficiently against such
expected earthquakes. Pseudo-static analysis and dynamic analysis should be
made for anti-seismic design at the time of definite study.

In this feasibility study, a simple pseudo-static analysis has been made for
a preliminary design of dam and other structures, and 0.2 g is adopted for a seismic
coefficient for desipning. The coefficient of 0.2 g is one of aseismatic design
criteria for dam in Japan.

4.3 GEOLOGY OF SITES FOR PROJECT

4.3.1 Catchment Area and Pondage
(1) Topography

Reventazon river, coilecting flows from its tributaries running on the
northeastern slope of the Talamanca mountain row, flows down in a rapid stream,
curves surrounding the moderately sloped skirt of the Irazu volcano, turns its
course to northeast and reaches Project site. On the left part of basin of Project
area spreads the gently-sloping skirt of Turrialba volecano, and on the right
part of basin spreads a hilly area of 600 to 700 m above sea level formed a
Tertiary clastic rocks. Reventazon river has worn about 300 m deep through the
moderate slopes of the both sides and forms a valley with a wide bottom.

In Dam and Pondage area, the bottom of the valley is 500 - 600 m wide and
the mud-flow deposits form a flat area, with nearly the same gradient as the river.
The present river-flow erodes 10 to 15 m of this flat area and meanders with the
river of width 60 - 150 m. Trom the both sides some tributaries flow in. Along
the river are observed small scale terraces about 20 m high and fan-shaped flood
plains sporadically. '

(2) Geology

As stated before, the basin of Reventazon river consists mainly of
Tertiary clastic rocks and volcanic rocks covering them. The rock forming the
base of Pondage area is Uscarl formation. It consists of mudstone and sandstone
interbedded with thin beds of conglomerate and fossils. In the neighbourhood of the
center of Pondage area exists the Guayabo syncline crossing the river in NW-SE
direction. The dip of strata on both flanks of the synclinal axis is 20° to 35 . Las
Animas limy rocks distribute crossing the river under Uscari formation in the
upstream end of the pondage, but it is out of Pondage limit and gives no influence
upon Pondage. In Project, the height of Dam is rather low and therefore Pondage
area is limited in a small valley bottom where is mainly distributed mud-flor
deposit and river deposit covering basal rocks. The slopes on the river banks does
not show strike slope in any places.

In the basin of Reventazon river, wide distribution of Tertiary clastic rocks
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belonging to soft rocks and young pyroclastic rocks are observed. Further, the
gradient of the river is steep. Therefore, the supply of much sediment materials
into Pondage is considered. The basal rocks of Pondage area mainly consist of
mudstone and sandstone with high watertightness. So, there is no need of concern
about water leakage through pondage area.

Moreover, considering from the above-stated topography and geclogy, we can not
think of possibility of large scale landsliding or collapsing by filling Pondage.
However, on the left bank about 250 m upstream of Dam axis, the meandering
river erodes the slope where is composed of sheared rock, and the slope between
the railway and the river bed is as steep as 40°-45° . Therelore, the limited
area has a possibility of collapsing and needs.a measure of bank protection.

4.3.2 Guayabo Dam Site (DWG. No. II-3, II-4)
(1) Topography

Reventazon river forms a valley with wide bottom of about 600 m as stated
above, and the valley bottom forms a flat area dipping gently downstream and
consisting of mud-flow deposits. The present river course [lows 10 to 15 m down
the flat bottom, then meanders so much away from the left bank to the right bank.
The dam axis is located there. The present river channel has about 60 m width at
Dam axis. The right bank forms a steep cliff over 55° slope for about 20 m heigh
above the present river bed, and in the upper part a slope of about 30° with a thick
forest extends into a hilly area. Contrary to the right bank, the left bank slope
has a dip of 25° - 30° and along the valley bottom there is a gently slope with talus.

The both banks form little ridges due to the brooklets pouring into the river
up and down Dam site. Especially on the right bank, the contours of mountains are
open to the downstream and the dam axis should be located within the limited space
of several ten meters up and down the proposed Dam axis.

{2) Geology

The basal rocks forming the dam site is Uscari formation consisting of
mudstone and sandstone with thin intercalations of conglomerate and fossil beds.
Covering these are distributed topsoil, talus deposits, river deposits, mud-flow
deposits and lower terrace deposits.

(a) Topsoil
Topsoil consists of the upper layer of black-brown colored humus and
the lower layer of clayey soil of brown color. It has the thickness of
several ten cm, and must be removed from the foundation of Dam.

(b) Talus deposits
These deposits are distributed around the left abutment of the dam with
a moderate slope and also on the right bank downstream Dam. The
talus deposits at the'left abutment is not yet indentified with regard to.
their thickness and nature, and must be studied in the future. However,

they must be removed from the foundation of the core zone of rock fill
Dam. :
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(¢) River deposits
This is widely distributed up- and down-stream of Guayabo river and
also at the conjunction with Lajas river. It consists mainly of sub-
round or round pebbles-cobbles and small quantity of granule and sand
filling them. Mostly these gravels are formed of hard andesite but a
few of mudstone or sandstone of fine grains. At the dam site, its
distribution is limited and its thickness is considered 2 - 3 m judging
from the exposure of the bed rock on the river bed. This deposits are
distributed around the area where concrete Dam is proposed, and must
be removed. ’

(d) Mud-flow deposits
At Dam site, the deposits are distributed widely covering the valley
bottom at the left bank of Reventazon river. According to the results
of survey at Dam site, its thickness is 7 - 14 m, and in some places it
covers the lower terrace deposits of Reventazon river. This condition
can be seen by the test pit DP-1 (length 7.5 m) and the thickness of
mud-flow deposit is 7.0 m, having quite different nature from the lower
terrace deposit. The mud-flow deposit is worse sorted and unconsoli-
dated deposit consisting of subangular or subround boulders and cobbles
with few of sand and silt. The gravels are mainly made of hard ande-
gite but a few of soft mudstone or sandstone.
This deposit must be removed, from the permeability and bearing
strength point of view, [from the foundation of concrete Dam, but can
be used at the foundation of gravel zone of fill Dam. It may have the
possibility of being used even as the foundation of core zone of [ill Dam,
but in the preliminary design, we will remove it to be on safer side.
The physical character must be identified in future by compaction test,
shear test, plate loading test, water pressure test.

(e) Lower Terrace Deposit
This is the terrace deposit formed in old times covered by mud-flow
deposit in Reventazon river, and conlirmed in the test pit DP-1 (length
7.5 m). According to the results of DP-1 and drill hole DB-6 (50 m
deep, vertical hole), the thickness of this deposit is about 3 m. The
lower terrace deposit seen in the test pit is the same sand and gravel
deposits as the present river deposit. It consists of subround or round
cobbles/pebbles and granules and sand filling them. They are well
compacted. The gravels are made mostly of hard andesite of grey
purple color, LT .
In the cores of drilling at Dam site, only hard gravels were sampled,
and mud-~flow deposit and lower terrace deposit could not be discrimi-
nated from each other. Therefore, at other area than the vicinity of
the test pit DP-1, the distribution and thickness of lower terrace deposit
are not known yet.
This deposit must be excavated and removed from the foundation of gravel
zone of fill Dam. As for the foundation of core zone of fill Dam, since
we are not sure about its impermeability, further survey and tests are
hecessary, as is the case with the mud-flow deposit covering it.
From the results of drilling executed so far at the dam site, we know
that the thickness of layer of mud-flow deposit and lower terrace de-
posit amount to 10 - 14 m. The elevation of the contact with the basal
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rock is 400 m at nearby river banks and 407 m at the point of drilling
DB-9 (vertical 30 m in depth). In the seismic prospecting survey per-
formed at Dam site, we know that a low velocity zone of seismic speed
1 km/sec is distributed to the depth of 18 m, to the west of the drilling
DB-9 for seismic traverse 8-8. This zone shows, we guess, the ex-
istence of the deeper old river bed or a sheared zone in the basal rock.
Uscari formation , .

This formation widely makes the base at Dam site and exposes itself
widely on both banks where erosion.advanced. This formation mainly
consists of mudstone and sandstone with intercalations of thm con-
glomerate or fossil beds at some places. '

At about 600 m upstream of Dam site, there is the Guayabo syncline
which has an axis crossing the river. Therefore, these strata at Dam
site have a strike nearly parallel to Dam axis and have a dip inclines
toward upstream (E-W, 20°-25° S). There are very few joints and
seams, and so far no faults running through the foundation part of the
dam has been found in this formation.

According to the resulis of field geological survey and drilling, mudstone
has the most predominant distribution at Dam site. . Generally speaking,
mudstone of several meters thiclness and sandstone of several ten cen-
timeters to 1 m thickness make alternation, but at some places massive
mudstone stratum of over 10 m thiclmess can be seen.

Mudstone has dark grey color and has surface layers of several centi-
meters thickness decomposed. Sandstone is. classified into medium to
coarse grain with light grey brown color and fine grain with lamina and
dark grey color. The conglomerates are granule conglomerate of
various color including soft sandstone and mudsione. Mudstone, sand-
stone and conglomerate contain limy fossil bits and micro fossils of
only a little content. Several fossil beds have heen found so far by the
past survey. It contains many shell [ossils in the bed mostly less than
several meters thick. Every rock is of soft rock, with low degree of
consolidation. According to the seismic prospecting survey at Dam
site, the seismic velocity of fresh rock is about 2.0 km/sec.

The resulls of the unconfined compression test using the drill core
obtained at the dam site are shown in the Table II-4~7.
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Table I1-4-7 Unconfined Compressive Strength of Bedrock at Dam Site

Sample Density | Specific | Compressive
Drill | Depth | No.of gravity | strength _!-_/ Rock name
hole () Sample (g/cm3) (g/cm3) | (kg/em 2)
11.8 -1 - 2.75 - mudstone
14.9 2 - 2.G8 9.4 mudstone
DB-3 18.2 3 2.09 2.73 310.0 mucdstone
24,3 4 - 2.72 105.0 mudstone
29.3 5 2,46 2.78 722.0 muclstone
10.0 1 - 2,65 27.9 sandstone
15.1 2 - 2.82 114.0 muclstone
DB-4 | 19.9 3 - 2,64 236.0 mudstone
24.6 4 2.00 2.73 228.0 mudstone
29.1 5 2.04 2.68 2/ mudstone
DB-10 26.7 1 2.07 2,81 43.1 mucdstone
29.6 2 2.21 250.0 mudstone

1/ Dry state
2/ Tensile strength 12. 8 kg/ cm?

According to the test results, most samples have the compressive
strength of 100 - 250 kg/em?2. TFor this compressive test, the cores
collected in relatively good conditions are used as samples, and are
considered to be shown larger strength than average. They are con-
sidered to have enough bearing strength for the foundation of a dam of
about 40 m height. The formation, however, has a bedding plain in-
clining 20° - 25° toward upstream and is considered to have mechanical
anisotropy. Therefore, for the foundation of concrete dam, the in-gitu
shear test and plate loading test should be considered for definite study.
Dam is situated at the bottom of the valley, so deterioration of rock by
weather is generally little.

The results of water pressure tests performed in the drilling holes of
Dam site are shown in Table [I-4-8. They show that they have per-
meability as high as 20 - 40 Lugeon, down to the depth of 20 m after
struck on the bedrock. However, judging from the outcrops of bedrock
at Dam site, there are few seams and joints, and only minute and
closed cracks are observed. We have the impression that the per-
meability is very liitle. Therefore, we must check the permeability
by another water pressure test using drilling holes executed in the
future. It is advisable to make low pressure tests at several stages
after struck on the bedrock, and the maximum water pressure should
be 7 kg/em? even in the deepest test stage using air-packers.
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Table I-4-8

Result of Water Pressure Test of Bedrock

_ Test section] Water | Effective *Lugeon
Hole No. (m) table (m) [ Pressure|(L/min/m Rock
(kg/cm?) | /10kg/em?)

DB-3 18.0~21,0 3.7 10. 37 29.9 Mudstone
21.0~24,0 " " 28.9 "
24,0-~27,0 n " 18.6 "
27.0~30.0 n n 21.7 "

DB-4 7.5~10.5 4.4 8.44 55,3 Mudstone and sandstone
10.5~13.5 " " 51.7 " "
13.5~16.5 n 10.44 46.3 n
16.5~19.5 " t 44,7 il ‘
19.5~22.5 n " 41.2 Sandstone and mudstone
22,5~25,5 " " 35.1 Mudstone
25.5~28.5 " " 21.1 "

DB-7 21.0~24,0 | *¥5,0 10.5 22.9 Mudstone
24.0~27.0 " fr 30.2 ".  and conglomerate
27.0~30.0 " 1 25.4 "

DB-9 15.0~18,0 |**10,0 .0 37.0 Conglomerate
18.0~21,0 " .0 58.0 n and mudstone
21,0~24.0 " .0 46.7 " and sandstone
24.0~27.0 n .0 33.3 " "

DB-10 | 17.5~20.5 |**5,0 10.5 32.6 Mudstone
20.0~23.0 " " 38.1 "

23.0 ~26.0 " " 27.5 1 and sandstone

26.0~29.0 " " 32.3 "

29,0~32.0 " " 26.5 " and fossil bed
*

Lugeon value calculated proportionally from water loss under

maximum test pressure,

** Assumed ground water table bared on nearby river.

I1-106




4,3.3 Headrace Tunnel (DWG. No. II-2)
(1 Topography

The headrace tunnel of 9, 6 km runs through a hilly area of 600 - 700 m in
elevation, situated between the rivers of Reventazon and Pacuare. This hilly area
offers a complicated configuration with repeated ups and downs, heing cut by
hrooklets flowing out from the watershed running by side of Pacuare river.
Especially on the slope facing Reventazon river, where four fifths length of the
tunnel runs, brooklets shaped like tree-branches with moderately developed
gradiant.

The headrace tunnel, in almost all its sections, runs through deep under the
ground of 100 - 200 m underneath the ground surface. At the points IP-2 and 3,
the depth or coverage becomes least. We made the long adits so as to get the
covering depth more than 50 m.

(2) Geology

The geology forming the tunnel route is mostly composed of Useari for-
mation consisting mainly of mudstone and sandstone, except a place near Surge
Tank where the geology is Tuis formation consisting of tuffaceous sandstone and
silt. On the ground surface, andesitic agglomerate widely is distributed with
several meters to several ten meters thickness, unconformably covering these
formations.

In the Uscari formation where Tunnel traverses, there exist Torito anti-
cline and Peralta syncline. All of fold structures have an axis of NW-SE direction,
and are symmetrical folds having the dip of 25° - 35" on both flanks. Tunnel
crosses these fold structures with nearly right angle. Mudstone and sandstone have
little seam and joint, They have little possibility of seeping ground-—water, but
we might occassionally encounter seeping ground-water at some faults, although
we did not confirm any fault in Tunnel route. However, judging from the faults in
the vicinity and photo-geologic interpretation, we expect to encounter with several
faults, which are considered to cross Tumnel at obtuse angle.

At the point of Intake, the geology consists of alternation of mudstone and
sandstone, and exposed rocks can be seen widely here and there. The mudstone
and sandstone which form the rocks of Intake and Tunnel belong to soft rock having
same nature as those at Pam site. Fresh rocks are considered to have the com-
pressive strength 100 - 250 kg/ em2. The clay minerals, which are contained in
the mudstone samples collected at Intake site, mostly belong to montmorillonite
group. Therefore, an investigation on the possibile expansibility of mudstone con-
taining clay minerals of montmorillonite group and on distribution of mont-
morillonite bearing stratum are necessary in the future.

For the construction of such a big diameter Tunnel as over 8 m of excavated
section under such geology, cares must be taken to line the tunnel immediately
after excavation and to put permanent supports in every section. At some faults,
for instance, such special works as concrete lagging may be necessary.

The sections, where agglomerate is possibly distributed along Tunnel route,
are near the IP-3 where an adit is located. The agglomerate is unconsolidated
clastic rock in Project area, so it must be avoided from Tunnel route.
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The distribution of agglomerate must be confirmed at around IP-3 by
future drilling. IFurther at IP-2 and 3 points where covering rock is rather thin,
the weathering conditions of mudstone and sandstone must be surveyed by drilling.

43,4 Surge Tank and Penstock Route (DWG. No. II-5)
(1) Topography

Surge Tank is located on a small ridge where the topography changes from
the hilly area to a slope on the left bank of Pacuare river. The slope, where

Penstock route is located, is smooth with little ups and downs and a gradient of
about 30° .

(2) Geology

The geology forming the sites for Surge Tank and Penstock route is tuffa-
ceous siltstone, sandstone and conglomerate of Tuis formation. The strata have
monoclinic structure with NW-SE, 45° SW strike and dip. Every rock has gray
green color and generally contains limy fossil bit or micro fossils. According to
the drilling cores at Surge Tank site (SB-1, vertical, length 116.5 m}, tuffaceous
sandstone is most perdominant and very little siltstone and conglomerate are
found. All rocks belong to soft rock, but degree of consolidation is higher than
mudstone and sandstone at Dam site.

Fresh bedrock is considered to have encugh strength for supports for Surge
Tank and anchor blocks of Penstock route. Surge Tank is located on a ridge and
the rocks are deeply weathered and softened as deen as down to 20 m depth. 1In the
slope where Penstock route is located, weathered bedrock can be seen at places,
and topsoil and talus deposit are considered to be thin. The thickness of weathered
zone is not clear and the depth of excavation for the foundation of anchoer blocks
will be about 10 m in the preliminary design. In the future, a drilling should be
macde at each site of anchor block and the thickness of weathered zone be clarified.

435 Power Plant (DWG. No. II-5)
(1) Topography

Pacuare river, where Power Plant is proposed, forms a valley of narrow
hottom, [lows nortliward with small meandering. Power Plant location will be on
a curved river bed of about 20 m width in the present river course. At the inside
of the curve on the right bank, there exists a flood plain of over 100 m wide. The
mountain on the left bank forms a slope of about 30° gradient.

The required space for Power Plant will be obtained by changing the river
route to the flood plain on the right bank.

{2) Geology

The geology of Power Plant site is the pyroclastic rocks containing andesitic
or basaltic agglomerate of Tuis formation. Partly, the lava of the same nature. is
distributed. The rock forms.a bedding structure of 5 - 15 m thiclmess and its
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strike and dip are nearly NW-SE and 40° - 60° SW. In the existing drilling PHB-1
(vertical, length 25,35 m) executed on the flood plain on the right hank of the power
plant, the intrusive rock of dolerite is confirmed., Pyroclastic rocks are widely
exposed along Pacuare river and are [avorable bedrock [or the [oundation of Power
Plant, being {resh and hard rock.

The river deposit in the right bank [lood plain has a thickness of 5 m in the
core of drilling PHB~1. The thickness of river deposit ol the present river course,
where Power Plant will be constructed, is estimated at several meters though not
cleary indentified yet.

4.4 CONSTRUCTION MATERIAL
The quantities of impervious material, filter material, gravel material for

the [ill type Dam and those of concrete aggregate for the concrete Dam, Tunnel,
Power Plant of Guayabo Project are as follows respectively:

Impervious material 100,000 m°
Filter material 70,000
Rock material 394,000
Concrete aggregate 610,000

Regarding these materials, neither quantitative survey nor quality test has
not yet been executed. Therefore, field investigation should be performed with pits
and drillings at the points propesed in Fig. 1I-4-3, and a series of material tests be
made using the samples collected [rom the pits.

4.4.1 Impervious Material

The weathered agglomerate at places surrcunding Dam site has the highest
possibility of availing it [or impervious material. The agglomerate is distributed
in the mountain slopes and hilly areas on both banks of Reventazon river. It is an
unconsolidated depesit consisting of andesitic angular-sub-angular breceia with
maximum diameter about 30 cm and tulfaceous matrix filling them. Generally
speaking, the agglomerate has thin layer on the lelt bank with thickness of less
than several meters, but in some places on the right bank it has a thickness of
over 10 m. The agglomerate on the left bank contains a large quantity of hard
breccias, while that on the right bank, especially in the higher places, weathering
has advanced even into the inside of breccia.

Based on the results of ground surlace survey we have shown three favor-
able areas on the right bank of dam site on Fig. I1-4-3, I-A area is located at the
point 250 m higher than the river, and the strafa is distributed widely and are
well weathered, so it is the most [avorable area (estimated available quantity
600,000 m3). I-B area is inferior to I-A in the points of quantity and extent of
weathering, but more [avorable in a point that it is nearer to Dam site. I-C area
has medium favorabijlity between A and B from the transportation distance point
of view,

Mud-[low deposit, which is widely distributed at the valley bottom near
Dam site, is a worse sorted deposit containing cobble, and needs to be screened to
be used for impervious material. However, it is distributed in large quantity near’
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Fig.I-4-3 LOCATION MAP OF PROPOSED INVESTIGATION WORKS
FOR CONSTRUCTION MATERIALS
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Dam site and it will be economical if it can be availed for some other material.
Therefore, when this deposit is excavated in the future in pits at Dam site and in
the barrow areas, at least grain size analysis should be executed.

Weathered stratum of mudstone and talus deposit, which are distributed from
the both banks of the river upto the mountainsides, are mostly composed of small
grains of [ragment of several mm to several ¢m, and contains little clay, and so
grade of grain size is not favorable for impervious material.

4.4.2 Filter Material

The river deposits of Reventazon river are mostly cobbles and cannot be
used for filter material as they are. The above-stated mud-flor deposit excavated
at the foundation of Dam can be used for filter material if it is sereened. Tilter
material could also be collected from less weathered part in the deep portion of
the weathered agglomerate area listed as favorable areas for impervious material.

Anyhow the required quantity is little, so it can be met by any of the
above-stated three strata near the dam site.

4.4.3 Gravel Material and Concrete Aggregate

The basal rock distributing in Project area mostly consists of soft sedi-
mentary rock of Tertiary Period. Therefore, there are few species of rock
available as rock material and concrete aggregate, except the hard limestone of
Las Animas formation distributing at about 1,6 km up Dam site., However, this
limestone is thinly bedded from several e¢m to'10 ¢m thickness, and at the quarries
where this rock is collected it will be broken into pieces of several em diameter
for aggregate only by blasting.

On the otherhand, in the upstream and downstream of Dam site, the river
deposits, consisting of mostly cobble and boulder, are widely distributed, and is
considered to be available for gravel material as it is for the fill type Dam, and
available for concrete aggregate and filter material by screening and or blasting.
These river deposits are mostly subround or round gravel by under 40 cm dia-
meter, and contain little granule and sand. The gravels are andesite mostly,
and are fresh and hard although amphibole and plagioclase have a little deterioration.

Volumes of 450,000 m3 at A area in the upstream of Dam site, 1,300,000 m3
at B area in the downstream of Dam site and 300,000 mS at C area in the down-
stream of Dam site could be found, and the. total required quantity for filter, gravel
material and concrete aggregate (totally about 1,100,000 m3) could be available by
means of the river deposits around Dam site. As for the concrete aggregate used
for Power Plant and Tunnel near Power Plant, it will be more economical to use
the river deposit of the same character distributed along Pacuare river, although
total concrete aggregate required is about 610,000 mS for the project. Further
survey 1s necessary for the aggregate in Pacuare river.

II-113



70 0 ol U ‘ e U
ANy e e
NI o A : : =%
2 g Mt e ; } R e s Lo

: > ) K=y s TN M7 AN )
=== 0f ¢ 2 0.5 S ] W SO NI R\, SN A 10 IR g S 4
& e Y ] A B LUNY

o

=756 0 0 ® ol 0 ¢ ¢
O OSOME 00 0 0 0 O 0K i
1 ~3 -
0 0 0 0 o/0 o ¢ '_o‘_o.os

SO T e s . |
(NN N/ /A TR\ BRWA :

AN PN ! R S A s Y T‘r‘( ERY p
; : : : ] \6Z

1M Ly L N £y hd .
| 1 I """ 7 "‘.‘m "- T s K 8 S
= q G%%'%T : NN o e TN ot PN (‘/
N A N T e BN | i W W 7 W 0 P B\ W VA, 2= (&

1l =4 T A S
L B g R \}0/—-‘@\\- T e+ ™ Y /"/‘*/1 T I S s sf
L oY £ ' e I T e T A
SRS A e NS RO e s G
S = 2 el B ) I S R A e A N W M B OO g
% : - 5 ey ’)ﬁj.—/ N N s T AT, 5
& AT A e 1 Y M\ S S R A ST VA
: p ‘4so/f\'V‘ : o N T )
=N ViRD awary e 7 i Y N R,
It PN RS M NS,
: 3 VA A e~ S B
4 s : O TrA e e S o
AV Dy - : I U O AT e ST %sa ) R T
4 ' - X ;
e N e e ; e B T T T e T e e AL e A
=0 T : , % e " __;‘_f (9
NN R e
CHE | P N NN VA U\ ) Pt Ul A8 S
EA 7 o S 7 ' R XNV AD S NN /LT
7 WENE 017 A7 NN SN/ R/ &
R /775// | = — ﬁ?:\ﬁ__ Q
X Wfﬁ 7 .-f.ﬂg-l YR =
1/ YAt N NV I A e
(N S\ ¢ v
r
3

PROFILE A-A

RIO REVENTAZON

I1-115



PLAN

ST

e

iR R \N || S T3 REEEN el 1 L R AN R s 3
= RN \\u\&\vi-\qu_l- F o S 757

o o ST Y N S e M e o M‘\\L}NM\\\\Q' Y
Pl O N

I e NI, T A Y SANSOIECEN A O S SR S AN ONAN R T 2
TR S YITE D/ SR £ .\.1,_’:';7—:.\ A) r‘_.jt{ e N I":‘/'\f\l\‘}'.\{ o - '//‘ " \_{'_._' .i -{— _]:..'_‘
e N e e e S

9

——

7 y ; 7 N Y g [
: - - \ : TN z Wl T ey i { e Y E
A AW EEEYa )V A VA /N N A b TR TR )i D T 0 A | o -
.\ﬂan\.l u AN AT A S T E;U .\\‘_E\(\ -O\\ }\\\‘:—) -J// n . . . ./Z{(Kr‘d[- - r'. {/1'—-:_/1 . \'L\‘:.._\_; . . 3/
. N . o + _ E . N A POp———— / A - * . * . .

—;;\&%%{/r\%uc\—lﬂ \ DI I 5™ OO { 4 \W\\W*\;; T i : L
RN [T Y 9 AW T A T T WL =TT e ._/_;‘A g N ~
L NN, W Al e T R ¥ ) T T as AT

N o NSNS AN AN A M T S AN ST L e TN e e NG
[ SN L WA R B VAR O VAT 1 N I D R AT ety e — \il-\\,\ TQ(@S' /

I ARATI NN VR4 U A N TS AT N/ PN A e ) N o

ARNEIRY Ry N 1 AT T SN TCANY AR | s Sste .
s ; 500 =t > \'-_:._']I 4
X 25

SR NS S P e
N T e s
5\?\' '-“'.-""'“I‘-"?ﬁ“‘-‘“*‘v'—-g %&%}?/ﬂ\—\iﬁ “ k

o \ .j%'_/"\' }A

M)
4 v . 4 M IS P .\l}"l[,- - AN N )"
K \”\T‘*_‘/\‘/\‘('H B L oo e
1= :

.
'y
.

e 4
. UL =N 3}—}}&\5\

y A
A T S TN
£ 4 xS

A e N
A e S
A N AT Y A R .
A B LR R ) N
=S WA\ e =)
S 50T ?,/'« o syt

HB - (
. m
L. 180 581
EL.456.64
CESem RIO_PACUARE

500m-

=

50,

Note
Lacations of proposed drill holes HB-2 ond HB- 3

for the hecdrace tunnal are shown in this drawing,
bul tocatians of proposed invesligation works for

onolhar sites are shewn in respectiva draowing.

. 10pom

Quaternary

LEGEND
A A o it
ATGA Talus Deposi
[ ° , .
5 o R_“ River Deposit
>
_E-
=3 R
< Mud Flow Deposite
(6] O :
Terrate Deposil
ol®g P

An, Andesitic Laova

Agglomeraie

~ Miocene Pliocene Dilavium
MR @
h=)
=1
oXed

E USCARI Formation , Mudstans and
g Sandstone { locally interbedded with
2 conglomerate ond Fossit Bed)
- (5]
24
ko 2 /‘1__/r_'ﬂ. TUIS Formation ; Tufferceaus Sitfstone
fid B [a b Tuffereecus Sondstone and Conglomerate
]
& T'O TWS Formation ; Andesitic or,
21 e Basatlic Lava and Pyroclostic Rock
g
5= LAS ANIMAS Formation’ Li
] mation, Limesione

DOA Dolerite [ infrusive rock}
1

y Geologic Bounddry

> Sirike ond Dip of Stratum

> Strike cnd Dip of Intrusive Contoct
oz, Strike and Dip of Faull {confirmed)

‘”"':'o sh? Shaeored zone (m)

Fault { assumad )

77—  Aniiclinol Axis
~=~—  Synclinal Axis
o~

& Londslide
= Test Pit ; completed (plan)
e Drill Hole; completed { plan)
[»] Drill Hola; gpropesed | plan)
| Orill Hola ; completad { profile)
: Drill Hola | propasad | peatilal

GUAYABO PROJECT

GEOLOGICAL PLAN OF PROJECT AREA
AND
PROFILE OF WATER WAY

DWG. NO. 1-2 | MARCH 1978




DB -

EL420.6 5m-—2208——2

’f
(2)\;‘0'594 °

J:;'liL.me;.s:tm 0
it L. 3000m
] o)

if
A o
5-7 (L g20m)

----- ]

i
,':o o
|

ol &
ia- 3
\EL. 4167 m

o || L. 3000m o
1
}

— 3}@'- g D g T

=
S NN
R T SN
Iz —

. . \\_

¢t b A0m

B

'LEGEND

Topsoil and Tatus Deposii

River Deposii

vef [P
o |&
ool b D

ngg Mud Flow Daposit
" —| USCARI Farmation ; Mudstone ond
—FU Sandsione { locally interbedded with

Conglomerate and Fossil Bed )

~

ot Geolagic Baundary

~

P Strike and Dip of Stralum
227 Foul 1 contirmed)

she3 sh; shsared zona (m)
. -~ Fault lossumed}

® Drill Hele ; completed

Drill Hole ; proposed
\_DB-

EL: Efevation
Ly Lengih
Oir; Direction

@’Dﬂ Test Pit ; digging as of Oct. 1977

~DP )

Test Pit ; proposed
EL; Eleyvation
L, Leéngth

.L Seismic Troverse

¢ 200m

GUAYABO PROJECT

GEOLOGICAL PLAN OF DAM SITE

DWG NO. -3 | MARCH 1978

II-117




DB-14

DP =2 iprojeciion}

PROFILE A-A

{ Looking Downstream)

pDR-9 {projeciion}

EL.421.0m

L. 70m L.

EL. 420.63m
30.0m

pE -1
L. 30m

DB - 7 iprojeclion)

D B-6 (projection}

EL.415.06m

L. 30.0m

EL.410.9Bm
L. 30.0m;

DB =10 (projeciion}
EL.410.98m
L.163.25m

ppP=-1 |projeclion)
EL.412.5m

oe- 1| P2 DB-6 0B-7 DB-9 DB8-10 T —
o b m Ta Topsoil m_ m m I TN
& 83T Topsail "TE 20 T Topsan S R M:sllv greyish biue . pebble ° “I5 T 100 Trcyitess \
4o ¢ loas 16 o loss ] , and cobble, andesitic Mi  Maslly greyish blue, petble o Mt Mos;ly q:‘yishbgllue. J o Mf l Mostty greyish blue, . 3l Grey gronule, slighlly brittle.
9 d cobble, andesilic. ebhle and cobble, -
1 e Mf.  Grovel,sond and sill 1l o M{  Gravel, sond and silt jod=s mn%ﬁ',,’d ".’,‘,ﬂ'f,’,‘;,ﬂ?“ 104 Egrecr‘:co\:ry 5’;’,'-;2 104 < ?mdesiﬂc. 10 O las pedble and . tiod -1 Dok grey, very fine groined
Poorly scrled Foorly sorled . 120 0 Core recovery 42 % L cobible, andesitic, *|"/Ss  sandstone and mudstone,
,i o O Mostly ondesite .‘ o O Maslly ondesile J. szga Mosily daek brewnlish 12283 1?2 '?L b R - generolly hard.
gravels, subangular gravels, 1. grey, solt, contalnes M Grownish grey, H Ms G"’{“" brown, -+ dirgs”  Core recovery 37% lugg_ T
|1 ¢ to subrounded 400 ]| microfossils. 20 ¥ sofl rock, contalnes e 204 120 fE=l8Fb Light grey. hord
[Maz, ¢ 50¢m] -l 218 microfassils. e, 2&_11'. Grel. gronule and Greyish brown, €gl  Ligh! grey, gronule fo pebhle,
540 o [Enasis 54 0 0 subangulor 1o o_|Col Mostly greyish brown. zat pebble, brillie. slightly briltle, ipsgs  slighlly brilile .
subrounded {#Bem~ =1 S5 granule 1o pebble, Ms.Cql Grey or lith brown. Ms  Greyish brown Ms  containes microfossils
4 0 1 o IDcm. Mox. # 75¢m) 50421200 containes fossils. 30 d d briltte mck SDJ soff rock 30 - 29,.7m-3CQIm, 30
[ - r.ontaines rossuls. inferbedded with
1% Grovel and sond. R Ms Dork grey, soft rock tessil beds, ]
e M:;L?e m“‘;{:l‘ qrovels. 374 . Dork grey, very fine groined
p ~ coble. 404 4333 a0 . 1404 1. |Mss5s sandsione ond lominaled
subrounded. :lcﬂ'-s’ﬁr;y gronule r.?nqdlomugle' . Gredylish hrrdwn. . mudslone, generally hard.
=g ond coorss groined sondstone gy medium ond coarse 1.
groined sondsfone. -
LEGEND 50 _[_ M Dark grey. safl seck, 53 giy  SHahily brithie 15’ |-
A_ A4
ﬂTua Topsoll ond Talus Deposit .
60+ 160"
171 Diork grey, very fine -
River Depasit PR ‘1. groined Sondstone and
P ’ Geglogic Boundary 704+ Mese mudstone, laminaied,
nl brillle
Mud Flow Depasil ~———  Ground Woter Level 1.1
o, |"
S .0 Il
~Te Lower Terroce Deposil _J 883 .
< o asodg - Llghl brown, coarse grained
be- « olGgl. 55 sondslone and granule lo
do - pebble conglomerale.
.@ Mudsione ‘ I Drill Hole i {completed ) 21266 linhtly briltte. 0 1gom
—- 100-1al> Vs 1 1 L L : i L TR R |
3 -
§ Sandstone '; Drill Heole i (proposed}
=z [
=0
2 801°¢q ° Tes! Pit leted)
R E 9l ;| Gonglomerale es + fcomplete
L3 Dp- GUAYABC PROJECT
z :_-' F i Test Pit 1 d)
= assil Bed. e + [propose
1 =il u GEOLOGICAL PROFILE
n
=2 Alternotion of OF
Mudslone ond Sandstone
DAM AXIS
DWG NO. T -4 | marcH 1978

II-119




PLAN OF INTAKE

.
PLARN OF SURGETANK, PENSTOCK AND POWER STATION

L)) s ) SIS g i 5
. . .: A tgng"g /w

' ‘ '% A SR AN ) FT-a

PROFILE B - B

r450m
RI0O REVENTAZON

3

L _ MW, p 43000m e
| \wi.g 42000m | | <]

L ]

bl

400 -
350 -
LEGEND
o™ o. Ta 50 - 1
0.3 Strongly wealhered parl B] r\— i
Topseil ond Talus Deposit P45 | residoa! soit 1 } Strongly wealhered fufferceous Ja Laminated 300-
sandstone yellowlsh grey, ., 18T
16 b s VEFYSOME 10 A
River Deposit % Weﬂlhehreld liferceons sondsione, |& I‘fdinstly qriEyi:h green, very RIQ PACUARE
ery britile. ' ne qgrained sandslone,
® ; . s ¥
USCARI Formation | Mudsione ond Brill Hole : campleted tolan] b Slightly briltle 4] -A Il-'?':‘s':n::e:d slightly hord PHB-I 1
Sandstone [locally interbedded with A laay d . - kal d il ou . '
Conglomerate and Fosail Bed} ‘L)‘.Zh_4."T”'fe'c°°”s conglomerate cakareous and Juflerceous, T Andesilic and bosollic N ’
@ Orill Hole | proposed (plan} A Greenish, very fine grained e - is0_p bbT ¥ el. river deposite O A O A ORND
TUIS Formotlon | Tufferceaus Siltsione, = sondstone, calcarecus ond 9041 . ebble gravel. ‘ L _ " 250-
Sandstone and Conglomerale '6: | 337, :Sl::’:relrs;.!:l::e.nm:l;::lr:e arained Gre_yish green medium lo coarse | | Dolerile, generolly blockish, fresh R —Q,_:\-'.' 7+ = ; _]
015 Formotion : Ang U Drill Hole * completed tprafite} | 4]  sondstone., silghily britlle Tty coltoran gt || ond o ) |
or Basaitlc Lova ond ';;'Irui:l::lu:ilc Rock 5 [122 sligily hard, . |
| . Greylsh green, jufferceous coarse , Locally interbedded with 20+ ' AdO A O A DO A O |
| Drill Hafe : proposed (proflle) | {2 Sne sondsioae, poly ollemoted. | [, ate mudstons * lazs
¥ & Greyish green, very Tine grained b Various colors, tuffercecus
R sondstone, mastly colcoreous J e pebble conglomerale, sustained
LDD .1 Delerite (Intruslve Rock ! | ond luffercesus, = U632 glightly chlorllization,
60-Ln slighly briitle, cracky fresh ond generally hord.
GUAYABO PROJECT
™m
’ | S PRI GEOLOGICAL PLAN AND PROFILE
~—= Geologlc Boundary t L PL ND PROFIL
OF

s~ Strlke ond Qlp of Slrotum INTAKE AND POWER STATION

DWG NO. I-5 | MARCH 1978

1I-121




- GiApTER S




2]
=

5.2

5.3

5.4

5.5

5.6

5.7

CHAPTER 5 PLAN OF POWER GENERA TION

Basic Considerations rvvvevsnerrinanrrnrarrvnsstaarsasnsanaes [[-123
Firm Discharge cseeeiirsrintiesracnnnsanenssons teseansiesas [T1-124
Stuclyo[CapacityforGuayaI-JoPlant II—-126
5.3.1 Basic Considerations Te i esersteisrtanuanarone cvirevaans [I-126
5.3.2 Study on Heig-ht of Normal Water Level of Pondage +«..... [1-127
3.3.3 Study on Maximum Power Discharge .. ... ceteresnsas . II-131

5.3.4 Result of Study «¢veveivevirsnarissnsanses veseanseneses IT-131

Installed Capﬂcit}r L B N N I B N N L L R I I Y O BN Y I RN BT BN N N RN I I B DN N BN NN R RN RN B ) II_131
Firm Capacify and MW Continuous ...... e | I 1
Annual POSSible Enel‘g}r LI U I B B | LR I I RN Y Y I R L TN I AT RN R BN B R I B BN BN B R ) 11-133

Number of UnitS  svvvieerernsossvarasrsteearoassssnvosscsnses II-133



LIST OF FIGURES

I«"ig. Im-5-1 Detgrmination of Max. Pondage Capacity for In-flow
Fig., II-5-2 Study on Optimum Height of Normal Water Level
Fig, I-5-3 Study on Optimum Max. Power Discharge

Fig. II-5-4 In-flow, Power Discharge and Energy Production

Fig. II-5-5 Pondage Surface Area and Storage Capacity Curve

LIST OF TABLES

Table I1-5-1 Ly Discharge at Guayabo Dam Site

Table II-5-2 Study on Opfimum Height of Normal Water Level and Max.

Power Discharge

Table II-5-3 Energy Production



CHAPTER 5 PLAN OF POWER GENERATION

5.1 BASIC CONSIDERATIONS

Guayaho Project will have a pondage in the middle part of Reventazon river,
and the regulated flow there will be diverted to the neighboring river, Pacuare,
through a headrace-tunnel,generating power at a plant located in Pacuare river.

At first of study [or Guayabo Project, basic considerations were given to the
following three points.

(1)

(2)

Possibility of On-stream and Off-stream Developments

In the middle part, Reventazon river flows parallel with Pacuare river
being close each other. So, there are two possibilities of development,
that is, on-stream and off-stream.

For the time being, there is only a project proposed of off-stream
development in the downstream of dam site, that is, a diversion type
of development, Guayabo Project, according to existing reports. *

As a result of reviewing the reports, the off-stream development at the
site is judged to have an advantage over the on-stream development,
from the reasons as follows:

(0) The on-stream development could not obtain an economical high
head in view of the topographical conditions while the off-stream
development could have it considerably.

(b) There seems to be no site in the downstream of Reventazon river
which could provide a reservoir, while there is Siguirres Project
proposed with big reservoir in the downstream of Pacuare river,
So, the off-stream development will have an advantage over the
on-stream in view of economical utilization of river flow. Besides,
the diversion will give no harmful influence upon the utilization of
water downstream.

As a result, the Guayabo Praject will lead to the off-stream de-
velopment, that is, a development by diversion.

Type of Reservoir

In future, main part of the power system will be occupied by hydro-
plants in Costa Rica, and the supply capacity could be liable to be
influenced by the scasonal change of [low.

It will be necessary for the newly-built hydroplants to have reservoirs
which will be able to make seasonal regulation, if the topography and
econpomy permit.

* (1) Documento de Trabajo 007-77
Informe Preliminar Proyecto Hidroelectrico Guayabo
(Agosto, 1977)

(2) Report on Preliminary Master Plan for Hydroelectric
Projects on the Reventazon and Pacuare rivers
(Sep. , 1977).
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If they will not permit it, itwill be desirable for the hydro-plants to
have pondages which could generate in peak hours in the dry season.

There seems to be no site for a dam with reservoir, but a site for a
dam with pondage, that is, Guayabo site.

(3) Sites of Pam and Power Plant Including Tunnel Route

Economical feasibility of Guayabo Project will be dependent upon the
route selection of a long head-race tunnel which will connect the two
rivers. In other words, sites of dam and power plant will be selected
s0 as to make the tunnel as short as possible.

ICE has conducted investigation and study on the sites of dam and power
plant including tunnel route for Guayabo Project, and decided the dam
site in the downstream from the junction of Reventazon river and its
tributary, Guayabo river, and the plant site in the up-stream of Pacuare
river near the boundary between Limon province and Cartago province.

Both sites are found to be the best sites for Project because of having
no difficulties in view of topography and geology, availability of high
head with comparatively short length of tunnel, and no harmful influence
upon projects proposed for Pacuare river. C

The tunnel will have the most economical route giving due considerations
to geological conditions and constructional aspect, as respectively de-

scribed in Chapter 4 "Geology and Construction Material'" and Chapter
6""Preliminary Design". '

5.2 FIRM DISCHARGE

1t can be defined here that a firm discharge is a basic run-off to be used for
the estimation of firm capacity of a hydro-plant which will be put into a load
duration curve for kW balance analysis. The critical months for power supply
will be April and December for which the balance of power in supply-demand was
made as shown in Chapter 1, '""Power Market Study'. So, the [irm discharges of the
abovementioned months will be determined by an analysis of the run-off data.

As Guayabo Plant will be operated with a daily regulating pondage, monthly
run-off duration curves will be stuclied at first for the determination of the firm
discharge of every months. The monthly firm discharge will be estimated re-
spectively from the duration curves in 18 years from 1959 to 1976 by averaging the
five lowest flows in the curves for the months. These average firm discharges
will be called L5 flows*, and the maximum, average and minimum values of L5
will be found respectively for every month in the period of 18 years.

The result of analysis are shown in Table II-5-1, among which L5 flows of
April and December can be found as follows:

Discharge April December
Maximum L5 73. 6(m3/sec) 173 (m3/sec)
Average L5 45.0 77.3
Minimum LS 23,0 57.6

* See Appendix A-3.
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The minimum L5 flows means the L5 flows in the most dry year. For the
firm discharges, it seems not to be appropriate to employ the minimum value
of L5 discharge values on the grounds as explained as follows: ‘

- A probability will be supposedly very small that the maximum demand for
power might arise in concurrence with the minimum L5 flow. In an emergency,
when it might concur, the shortage of power could be covered with a reserved
power, an adequate operation of a big reservoir and/or by buying power through an
international transmission line from a neighboring country. In consideration of the
above, average value of L5 in 18 years will be adopted as the firm discharges at
Guayabo Project, that is, 45 m3/sec for April and 77.3 m3/sec for December.

The L5 flow of 45 m3/sec will include the power discharges from Cachi
power station in April which is regulated by Cachi reservoir,

5.3 STUDY OF CAPACITY FOR GUAYABO PLANT

5.3.1 Basic Considerations

Guayaho Project will generate power by means of diverting Reventazon
river fo Pacuare river. In the downstream of Pacuare river, there is a proposed
Siquirres Project which will be described in Part OII. So, in the study of capacity
for Guayabo Project, it will be necessary to pay due considerations to the in-
cremental energy produced at Siquirres Project by the diverted flow. However,
Siquirres Project is still in a reconnaissance stage with insufficient data for an
analysis in the same level of accuracy, and the current study will be made of an
isolated project. ‘

In the definite study for Guayabo Project, therefore, it will be desirable
to study with Siquirres Project, depending upon the progress of surveys in future.

~ Basic conditions for the analysis of capacity for Guayabo Plant is as
follows.

1) Power will be generated with daily regulated flow in the pondage.

2) The effective storage of pondage will have enough capacity to be able
to regulate inflows daily.

3) For the study of capacity for the plant, a yardstick will be put on the
benefit cost ratio (B/C) and surplus benefit (B~C).
The annual benefit will be obtained on the basis of cost for an alter-
native thermal power plant as mentioned in Chapter 8: “Economic
Evaluation™, while the annual cost be on the basis of investment
cost roughly estimated.

4) Beneficial output and energy can be defined respectively as follows,
which will be applied for determination of the benefit of Project.

a) Beneficial output will be an average output with a daily utilization
factor of plant 50% for April and December in future (1995)
giving considerations to the total loss of 2.8% (2.5% loss by
repairings or accidents plus 0.3% loss by plant service).
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b) Beneficial energy will be annual possible energy with a reduction of
the same amount of losses.
The calculation of annual possible energy will be made with an
effective head between a pondage level (center of drawdown) and
tailwater level, The period of calculation will be 18 years [rom
1959 to 1976, and the mean value will be regarded as an annual
possible energy.

5) The annual cost will be calculated from the investment cost obtained by
multiplying an assumed coefficient of annual expediture (11.4% to the
construction cost which could be estimated on a rough preliminary
design.

5.3.2 Study on Height of Normal Water Level of Pondage

The capacity ol Guayabo Plant will be determined from a result of benefit
cost analysis with a combination of the pondage levels and the maximum power dis-
charges. The pondage levels will be between EL 430 and 440 m and the maximum
power discharge between 120 and 180 m3/sec.

In this item,the maximum power discharge will be fixed at 140 m3/sec,
with such variable levels of pondage as 430 m, 435 m and 440 m, and a benefit
cost analysis will be made. If the power discharge will be [ixed at 140 m3/sec,
the necessary effective storage capacity will be 3.02 million m® from Fig. 1I-5-1.
As for the pondage levels, EL 430 m will be a marginal lower limit ol the pondage
level with the effective storage 3.02 million m3 in consideration of accuracy of the
topographic maps and sedimentation.

A result of the analysis is shown in Table I-5-2, Fig. 1I-5-2 and a table below,

N.W. L.
Benelit
and Cost 430 435 440
B/C 1.433 1.404 1.360
B-C
(106 Colones) 97.8 97.0 92.7

As the pondage level will go up, as shown in Table I1-5-2, effective head,
output and energy will increase, implying that benelit will increase so much, On
the other hand, annual cost will tend to increase mainly by increase of the con-
struction cost for the dam. However, the increment of annual cost will be bigger
than the increment of benefit and the economic feasibility will be deteriorated.

As a result, the most economic level ol pondage will be the lowest marginal
level as far as the pondage will be able to keep the effective storage. In this case
it will be 430 m.

In calculating the storage curve, ICE data (Document de Trabajo 007-77)
was used up to the water level of 430 m, while the part higher than this level was
supplemented by the'survey team. The storage curve was made on the basis of
1/10,000 maps, and it is necessary for levelling-up of accuracy for the study to
prepare the maps in a scale more than 1/5,000.
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Fig. I-5-2 Study on Optimum Height of
Normal Water Level
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5.3.3 Study on Maximum Power Discharge

Here, the optimum pondage level 430 m, which is obtained in the above
item,, will be fixed instead of the maximum power discharge, and the maximum
power discharge will be changed into 4 cases, namely, 120, 140, 160 and 180 m3/
sec.
A result of the benefit cost analysis is shown in Table I-5-2, Fig. II-5-3
and a {able helow.

Max. Power
Discharge

Benefit (MO/sec) 120 140 160 180
and Cost
B/C 1.431 1.433 1.371 1.250
B-C

(106 Colones) 89.3 97.8 93.0 69.8

On the basis of the result, the optimum maximum power discharge will be
found to be 140 m3/sec. Interpretation of Table IT-5-2 and Fig. IT-5-3 will be as
follows.

1) Benelicial output will increase with the increase of maximum power
discharge up to 160 m3/sec, while benelicial output will not increase
even if the discharge will exceed 160 m3/sec..

2) With the increase of maximum power discharge, beneficial energy will
increase, but the ihcrement rate will tend to decrease.

3) The construction cost ol headrace tunnel will give a big influence upon
the investment cost, and the increment rate of investment cost will tend
to increase as the construction cost of tunnel will increase involving
increase of the maximum power discharge.

5.3.4 Result of Study

From the 5.3.2 and 5.3.3 items, it will be concluded that the
optimum normal water level of the pondage and the optimum maximum power dis-
charge will be EL 430 m and 140 m3/sec, respectively. They will make the maximum
output of the plant 180 MW.

5.4 INSTALLED CAPACITY
The installed capacity of Guayabo Plant will be 180 MW with maximum power
discharge 140 m3/sec and a standard ellective head 155 m.

Standard intake level will be EL 425 m, which will be in the middle of
drawdown. The tailwater level will be EL 246 m which will be an assamed water
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Fig. I-5-3 Study on Optimum Max. Power Discharge
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level of the tailrace when the power plant will operate with the maximum power
discharge. The tailrace water level is estimated in a map of 1/10,000, and it is
necessary to have a r'ating curve of the site in the definite study in future.

55 FIRM CAPACITY AND MW CONTINUOUS

The firm capacity of Guayabo Power Plant will be 158 MW and 180 MW,
respectively, for April and December in 1989 when the installed capacity 180 MW
will put into operation, and the MW continuous will be 59 MW which will be
puaranteed through years.

5.6 ANNUAL POSSIBLE ENERGY

1t will be calculated in daily operation of the pondage on the basis of daily
run-offs in 18 years, the head being assumed to be a constant of 1565 m. The
result is shown in Table II-5-3, and the annual average possible energy in 18 years
will be 1,192 million kWh.

Fig. 11-5-4 also shows the monthly in-flows, power discharges and overflows.

5,7 NUMBER OF UNITS

As a result of study so [ar, the installed capacity of Guayabo Power Plant
will be 180 MW and the number of units will be considered to be either two or three.
Less number of units, that is, two units will be favorable in view of cost

economy. However, the capacity of unit 90 MW will be too large to replace the
capacity in failure or outage by another power resource when considered the
maximum power demand could be 700~800 MW in 1990. Therefore, three units
of 60 MW will be installed at the Guayabo Plant.
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Fig.I-5-4

In-Flow , Power Discharge and Energy Production
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CHAPTER 6 PRELIMINARY DESIGN
6.1 PRELIMINARY DESIGN

6.1.1 Civil Structures

As a result of study in Chapter 5; "Plan of Power Generation," Guayabo
Project will propose a dam in Reventazon river with a pondage which will store
about 3 million m3 of water at a normal water level 430.0 m.

The regulated flow will be led through a headrace tunnel to Pacuare river
where a power plant will be located. The Plant will generate the maximum ouiput

180 MW by three units of turbine-generator with a head 155 m and maximum. power
discharge of 140 m3/sec.

(1) Dam

Type of the dam will be a combined dam of a fill-dam and a gravity dam
giving due considerations to the factors described below.

{2) The dam should be provided a big spillway for the design flood 8,600
m3/sec.

(b} The crest length of dam will be very long, 655 m, with the normal
water level 430.0 m.

{c) As for the topography of the dam site, there is a plain of river-
deposit which covers the foundation rock on the left bank and an
existing river on the right bani, .

(d) DMudstone and sandstone at the dam site consist of the foundation rock
on which either concrete or fill-dam could be built without considerable
geological problems,

The combined dam will have a fill-dam (33.0 m high and 480.0 m long),
which will be constructed on the left plain, and a gravity dam (38.0 m high and
175.0 m long) will a spillway and a sediment control outlet on the river-bed of
right banlk.

Gravels and cobbles will be used for the construction of the fill~type dam,
inasmuch as it could be readily coliected from spots close to the proposed con~
struction site. It was assumed that the weathered layers of the rock formation
found in the vicinity of the dam about 700 m above sea level on the right bank could
be used as an impermeable material and that the river bed pebbles found near the
dam as materials for transition and shell zones.

As for the slope of dam, in consideration of geological conditions explained
in Chapter 4 "Geology and materials, the slope of the upstream was assumed at
1:3.50 and that of the downstream, 1:3.00. Detailed investigations should further
be conducted both on the dam foundation and the construction materials for the dam,
so that the definit design of the dam can be drafted on the basis of the findings of
these investigations.
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(2) Spillway

As has been explained in Chapter 3 "Hydrology,' the design flood of the
Guayabo Dam is estimated at 8,600 m3/sec. The spillway will be of an overflow
type, and will be able to discharge safely the flood of 8,600 m3/sec with the high
water level 430.0 m. It will provide six roller gate (15.0 m high and 13.0 m long)
given due considerations to the big flood discharge, and maintenance factors.

However, longitudinal as well as sectional surveys of the Reventazon river
should be conducted so that the definite design of the spillway could be devised by a
hydraulic experiment defined on the basis of the findings of those surveys.

(3) Sediment control outlet

As has been stated in Chapter 3 "Hydrology," it is assumed that a con’
siderable amount of sediment will flow into the Guayabo pondage. Although it is
conceivable that a considerable amount of these sediment could be flushed away
by operating the spillway gates during floods, sedimentation below the overflow
crest would be unavoidable, Thus, there is a need to install a sediment control
facility in addition to the spillway gates for eliminating the sediment below the
crest so that the dam could provide active storage for the operation of pondage.

Two sediment control outlets (5.0 m wide and 5.0 m high) will be con-
structed at the bottom of dam which will be effective as a sediment control facility.
The volume of water which pass through the outlets will be 1,000 m3/sec at EL.
430.0 m where the regulating pondage is full.

The sediment control outlets will also be used as a kind of diversion
channel during the dam construction.

) Intake

Because of the terrain, the intake will be constructed on the right bank and
directly upstream of the dam. The capacity of the intake will be 140.0 m3/sec and
the maximum velocity of flow in front of the intake screen will be 1.0 m/sec.

The elevation of the intake sill will be 417.0 m in consideration both of the pondage
water-level and the crest of spillway.

A screen with a 1:0.30 slope will be installed in front of the intake.

Behind the intake, a roller gate (6.5 m wide and 8.0 m high) will be installed at
the entrance of the headrace tunnel for the maintenance and operation of the tunnel.

(9) Headrace tunnel

The headrace tunnel will be a pressure tunnel with the maximum capacity of
flow 140,0 m3/sec. The tunnel will be circular in shape. The inside diameter of
the tunnel was decided in such a manner that the sum of the annual cost based on
the construction cost of the headrace tunnel and the annual loss of benefit due to
head loss could be the minimum. The result of the study is shown in Fig. II-6-1.
Thus, the inside diameter of the tunnel was determined at 6.5 m.
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As has been explained in Chapter 4 "Geology and Material", the ground
of the area where the headrace tunnel will be built is mainly made up of mudstone
and sandstone, The route of the headrace tunnel was selected alter considering the
geological conditions, rock coverage of the tunnel, and the temporary adits for
tunnel excavation. The headrace tunnel will be 9,582 m long.

Reinforced concrete lining will be applied to approximately the entire 1engtl1
of the headrace tunnel. However, the parts of tunnel will be reinforced by means
of stee!l lining at places of weak rocks and in the vicinity of the penstock and the
surge tank. Mortar and high-pressure grouting will be made for the entire length
of the tunnel.

(6) Surge tank

The length of tunnel [rom the Guayabo pondage to the power plant is very
long, that is, about 10 km. So, the tunnel needs a large surge tank. The tank will
be underground and of round shape because of the surrounding topography and the
geological condition. It will be 75.0 m high and will have an inside diameter of
10.0 m with upper and lower chambers.

Steel lining will be applied for the section where the headrace tunnel is
connected to the shalt of the surge tank for protecting it from cavitation. It also
gives easiness for construction of the interconnecting point, Except for this
interconnecting point, concrete lining will be applied to all parts of the surge tank,

(7) Penstock

A penstock will be laid on the ground because of the topographical and
geological conditions of the site. The penstock will have an inside diameter of
6.5 - 5,0 m and it will be branched out in three pipes in front of the power plant.
The length is 465.0 m from the top to the power plant. As for the manner of
branching, a ball-shaped branch will be employed. The penstock will be of high-
tension steel.

The inside diameter of the penstock, as has been the same case with the
study on the inside diameter of the headrace tunnel, was decided in such a manner
that the sum of the annual cost of constructing the penstock and the annual loss of
benefit due to head loss could be the minimum.

The result of this study is shown in Fig., II-6-2.

(8) Power Plant and switchyard

The power plant, equipped with three turbines and three generators, will
have the installed capacity of 180 MW. In consideration of the topographical and
geological conditions, the power plant and the switchyard will be on-the-ground
type and outdoor type respectively. The draft tube will be elbow- type and three
dralt gates will be provided at the outlet. Since the Pacuare river bends abruptlly
near the power plant, it will be betier to face the draft tube down-stream in con-
sideration of a smooth flow of the power discharge and preventing the sediment
from flowing into the tube when the power plant is not operating.

The elevation of center of the turbine will be 242.5 m in consideration of
the drafi head based on the tailrace water level 245,5 m at the time of the oper-
ation of one turbine.
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The elevation of the access road to the power plant and the switchyard will
be 251.5 m in consideration of the design flood of 4,300 m3/sec at the point of the
power plant.

However, prior to proceed to the delinite study, the more accurate water
level of the tailrace should be determined by conducting longitudinal and sectional
surveys of the Pacuare river at the site of the power house,

6.1.2 Turbine and Generator

The power plant will have a normal effective head 155 m. The drawdown of
the regulating reservoir will be 10 m, and the available power discharge for a
unit of turbine will be 47 m3/sec. ‘Under these conditions, it would he most appro-
priate to adopt a vertical-shaft Francis type turbine. Number of units will be
three for the power plant.

The output of unit is 66,000 kW with a rotating speed 300 rpm. Buttelly
valve will be used as a main valve for the unit.

As for the generators, capacity of unit is 78,000 kVA with a voltage of
13.8 kV and the power {actor of 0.8 (lag.).

Unit system is adopted [or the auxiliary equipments of the turbines and
generators.

Three units of 78,000 kVA 3-phase oil immersed air-cooled transformers
will be installed in the outdoor switchyard adjoining the power house. The
secondary voltage of the main transformer will be 230 kV as is explained later
(see Item 6.1.3).

A transmission line of 230 kV could be put from the power plant to
South Substation of San Jose and the number of circuits will he two in consideration
of the output of Guayabo Power Plant. The bus system in the switchyard at
Guayabo Power Plant will be single, but it could be converted to double when the
Siquirres Project is to be operated in the future.

One-man control system will be adopted for the operation on the turbines,
generators and the outdoor switchyard, and the entire control and operation will
be made [rom a control room. The single line diagram is shown as an example in
Fig. II-6-3, and the layout of the outdoor switchyard, in Fig. II-6-4.

6.1.3 Transmission Lines
(1) Transmission line

To transmit the power generaied by Guayabo Power Plant to demand areas
close to metropolitan region, 2 transmission line will be installed between Guayabo
Power Plant and South Substation of San Jose. '

The capacify of the {ransmission line will be 230 kV of two circuits in con-
sideration of Guayabo Power Plant's maximum output of 180 MW as well as the
forthcoming Siquirres Project.

The projected transmission line will start from Guayabo Power Plant cros-
sing over the existing 138 kV transmission line and Revenfazon River, then extend
over the hills along National Highway No. 230 and No.10. Af a point north of
Cartago City, it will cross National Highway No.8 and No. 2, It will then head
westward along Tiribi River to South Substation of San Jose.
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The highest elevation in the route is about 1,600 m and in most part, it will
pass through pasture lands. It will also aim to avoid sharp angles and road cros-
sing as much as possible to facilitate construction and maintenance. The route map
is shown in Fig. TI~-2-1. '

Two aerial ground wires will be provided for the line because lightning
occurs frequently in these areas. There will be 13 insulators. ,

TFor the output of 180 MW, a transmission line with sectional area of 410
mm? in a single circuit would be most appropriate taking into consideration the
possible power losses in a useful life of the transmission line. However, the
size of the transmission line should be determined by jointly considering various
factors, such as the developing time and capacity of Siquirres Project and its
effect on the existing system. At this point, it is not clear when the Siquirres
Plant would be put into operation. The capacity of the plant is also not determined
yet. In addition, Guayabo Power Plant will be capable of generating power more
than 20 per cent of the tofal demand. So, it will be assumed to use the 410 mm?
equivalent transmissiln line with two circuits, enhancing its supply reliability.

An example of steel tower for the transmissiln line is shown in Fig. 1I-6-5.
Tor the protection of the transmission line, a power line carrier relaying system
will be adopted.

(2) Substation

The transmission line from Guayabo Power Plant will be connected to the
230 kV bus at South Substation of S8an Jose where the voltage will be reduced to 34.5
kV. In response to the development of Guayabo Project, 78 MVA transformers will
be installed at the substation to supply power to customers. The outline of the
transformer is shown in chapter 6.1.5 "Principal Features''.

The single-line diagram of the substation is shown in Fig. II-6-G.

6.1.4 Telecommunication System

Tele-communication system between Guayabo Power Plant and South Sub-
station of San Jose will be provided for the operation and maintenance of the plant.

(1) Telephone circuit for load~dispatching

A power line carrier circuit with two channels will be provided between
Guayabo Power Plant and South Substation of San Jose for telephone and telemeter
circuits for the exclusive use of load dispatching.

The telemeter circuit will be also used for transmitting signal and infor-
mation on Guayabo Power Plant to a load dispatching office.

(2 Power line carrier device for transmission line protection
Tor the protection of the 230 kV transmission line, a power line carrier

device will be provided between Guayabo Power Plant and South Substation of San
Jose by using the power line carrier relaying system.
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Fig. I-6-5 Transmission Line Tower Configuration

Tangent Tower

38.2

15°
6.6
1.2
~
i1
/ 93 ‘J,
/ Za\
o |
o Red
» S -
o
o
\2\4 [
.
B N2 N
o
o
5,0
e \__.l
o PRTRIRN ST
<
o

I1-147



32188P |Bfjuajoy

ad1aap [olusod
A)12pdoa Buyjdnog

dos) aupq

13yD81q {indan
yayims Buljasuuoasig
saysanp bupyybig

J3WI0}SUD)] 1D

t] |t

gd

= ) R O L/ s
108
a2
1078

mmm ) _ \ _ q>_zm\.._ Num 4w

..— ﬂ A0EZ .w q -

- % : /o

1Qdon’

17

B3

128

B3

108
s

ul
Laad ™

iy

T

S$'d 08vAYND s04

uol4pysgng esor ung Jo Yog jo woiboig sul -jbulg 9-9-1 B4

11-148



(3) Maintenance system for transmission line

South Substation of San Jose will have a sget of [auli locator required for main-
tenance of the 230 kV transmission line covering the 60 lun distance between Guayabo
Power Plunt and South Substation of San Jose. In addition, a VHF movable station
with another relay siation will he provided for the maintenance hase of Guayaho
Power Plant.

{4) Inspection system of Dam

Guayabo Substation will be equipped with a water-level telemeter [or
observing the water-level of Guayabo pondage. Moreover, a tone-ringer circuit
will be installed between Guayabo Power Plant and Guaybo Dam as a telephone for
maintenance.

‘The outline of the tele-communication system of Guayabo Project is shown
in Fig. I-6-7 and I"ig. II-6-8.

6.1.5 System Analysis

A digital simulation stucy was made on the power flows, voltage, short-
circuit capacity and stability in the power system at the time of partial and full
operation of Guayabo Project. The details of the study are shown in the Appendix.
The outline of the result is as follows.

(1) Under normal conditions, the power flow will not pose any problem as it
is, until 1990,

However, it could be predicted that this transmission line would become
over-loaded when the line of the La Caja-Colima 138 kV double circuits might
operate in a single cireuit.

As has already been planned by ICE, therefore, it would be desirable from
the standpoint of reliability to newly construet a 230 kV transmission line (single-
line for the time being) between Corobici and North Substation of San Jose.

Moreover, in accordance with power increases, it would hecome necessary
to increase the capacity of the substations which would be La Caja, Canas and
Colima. The capacity required and time of construection are shown in the
Appendix.

{2) As a voltage regulating measure, it would become necessary to place static
condensers as voltage regulation in order to maintain the voltage close to 100 per
cent at peak load, since the substations located close to such cities as Heredia,
Colima and Sabanllla are situated far from the main power sources, such as
Arenal, Corobici and Guayabo. ,

The alorementioned installation of a new 230 kV transmission line between
Corobici and North Substation of San Jose will also be eflective in reducing the
capacity of the static condensers required for voltage regulation of the power system.

The Garita and Concavas substations will also need static condensers for
voltage regulation to cope with the increasing demand for power. Judging from the
length of line and the type of line used, voltage rise in the line at night will not
pose any problem.
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(3) The results of the study on the short-circuit capacity are shown in the
following table.

Voltage Short-Circuit
Substation Capacity
(kV) (MVA) (kA)
230 Arenal 1,912 4.8
138 La Caja 1,903 8.0
34.8 La Caja, Secondary side 832 13.9
13.8 Colima, Loading End 505 21.1
13.8 Arenal, Generating End 1,663 69.6
Note : A reactance of the generator is assumed to be X'd.
(4) As for power stability, a study was made on static stability and transient
stability.

The result of the calculation of power flow at peak load in December 1990
shows' that there are a 25 degrees difference in phase as the maximum between one
of the generators and the bus of Colima Substation which covers the main district
for power demand. Therefore, there is no problem from the standpoint of static
stability.

A study on transient stability was made on an assumption that a 3-phase
short-circuit had occurred near the bus of Guayabo Power Plant at peak load in
December 1987 and in December 1990. The results are stable, tco.

6.1.6 Principal Features

The principai features for Guayabo Project is as follows.

Designation Item Specification

Civil Works

Dam Type Combined dam
. Concrete gravity; Gravel-fill

Height 38m 33m
Length, crest 175m 480m
width, crest om 9m
Volume 198,000m3 564,000m3
Slope, Upstream Vertical 1:3.50
Slope, Downstream 1:0,90 1:3.00
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Headrace tunnel

Surge Tank

Penstock

Type
Number of tunnel
Dimension

Type
Number
Dimension

Type
Number of pipes

Dimension

Designation Item Specification
Spillway Type Overflow
Capacity 8,600 m3/sec (design flood)
Overflow crest Elevation 415.0 m
Gate, type Roller gate
Dimension 13.0 x15.0 m
Number of gates 6 '
Qutlet Type Sediment Control Qutlet
Type of gate Tainter gate, Roller gate
Number of gates 2 ’ 2
Sill Elevation 402,.5 m
Intake Type Reinforced concrete
Sill Elevation 417 m
Type of gate Roller gate
Dimension 6.0 x B,0 m
Number of gates 1

Circular-shaped pressure tunnel
1

Inside diameter 6.5 m

Length 9,581.86 m

Orifice

1

Shaft; Inside diameter 10 m
Height 40.0 m

Upper chamber:
Inside diameter 20.0 m
Height 22.0 m

Lower .chamber:
Inside diameter 6.5 m
Length 50.0 m

On-the~ground
1 (Branched to 3 pipes near the
power plant)

Main: Inside diameter 6.5 - 5.0 m
Length 432 m

No. 2 branched pipe:
Inside diameter 2.7 m
Length 26.0 m

No.1 and 3 branched pipe:
Insidediameger 2.7 m
Length 33.0 m
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Designation Item ~ Specification
Draft gate Type Reinforced
Gate Sluice
Power House Type On-the-ground
Dimension Length 62 m
Width 28 m
Height 32 m
Base Elevation 251,50 m
Electrical Equipment
Turbine Type Vertical Francis
Output 66, 000 kw
Standard effective head 155 m
Revolving speed 300 rpm
Number of units 3
Generator Type Vertical shaft
' 3-phase
Synchronous
Capacity 78,000 kKVA
Voltage 13.8B kv
Frequency 60 Hz
Number of units 3
Main transformer  Type 3-phase
Oil-immersed
Air-cooled
Capacity 78,000 kVA
Voltage 13.8/230 kv

Transmission line

Substation

Telecommunication '
equipment

Number of units

Total length
Voltage

Number of circuits
Size of conductors
Support

Name

Transformer
Voltage

Telephone

~ Carrier relay

Fault locator

“Level telemeter-

3

60 km

230 kV

2 .

Equivalent to 410 mm?2
Steel tower

South Substation of San Jose

78,000 kvA
3 transformers
230/34.5 kv

2 ch.
2 ch.
One system
One system
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6.2 PROGRAMME AND PLAN OF CONSTRUCTION
6.2.1 Programme of Construction

A construction period of 57 months will be required to complete the
Guayabo Project in view of the scale of the work layout of the structures to be
built, local conditions and other factors.

The operation of Guayabo Power Plant should be commenced by February
1987 because of the electric power supply and demand situation. In view of the
required construction period, the work should be started by May 1982, The con-
struction programme is shown in Fig, I-6-9. Its outline is as follows.

(1) Firat year (1982)

Various preparatory works will be started necessary for starting the con-
struction and excavation of the headrace tunnel.

(2) Second year (1983)

Excavation for widening the width of the existing river bed will be started
as the first stage for care of river necessary for the fill dam construction. The
training wall for the spillway on the left will be placed. Excavation for the dam
foundation, grouting for the foundation and embankment dam will also be carried
out to complete. _

Excavation for the headrace tunnel will be continued. Concrete lining of
tunnel and excavation of the surge tank will be started.

(3) Third year (1984)

TFor the second stage of care of river needed for construction of the concrete
gravity dam, a coffering of the sediment control outlet and intake sections will be
carried out, followed by excavation of river-bed within the cofferdam. The
foundation grouting, cancrete placing for the dam, and installation of the sediment
control gates and the intake gate will be made to complete.

As for tunnel and power plant works, excavation and concrete placing will
be commenced on rocks for the penstock, power plant, tailrace and the outdoor
switchyard.

(4 TFourth year (1985)

Tor the third stage of care of river for construction of the remained part of
concrete gravity dam, coffering of the spillway section will be carried out, followed
by excavation of river-bed within the cofferdam. The founchtmn grouting, and
concrete phcmg for the dam will be made to finish.

The excavation and concrete lining of the headrace tunnel, which wﬂl have
been progressing in the previous years, will be completed, followed by placing of
the invert concrete. Also, mortar and cement grouting for the headrace tunnel
will be carried out at the same time. On the other hand, the work will start for
installation of the penstock and electrical equipments,
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(5) Fifth year (1986)
The remaining engineering work and installation of hydraulic equipm‘erits will
be completed. All other works will be completed such as the installation of

electrical equipments, transmission lines, substations which are necessary for
starting the operation of the power plant.

(6) Sixth year (1978)

Operational tests will be conducted from December of the preceding year,
and the power plant will be ready to operate commercially in February.

6.2.2 Plan of Construction
(1) Local conditions

(a) The site of the Guayabo Project is located at a point about 60 km east
northeast of the capital city of San Jose and is convenient for carrying
out construction work., Moreover, 80 km to the east of the construction
site is the port of Limon, facing the Atlantic, and 180 km to its west
is the port of Puntarenas on the Pacific. The two poris are expected
to serve as the ports for unloading imported supplies, machinery and
equipment for the Guayabo Project.

The ports are equipped with facilities capable of unloading heavy
supplies. Roads leading to the construction site are maintained
adequately.

(b) Electric power for construction
Power required for carrying out the Guayabo Project is estimated at
about 6,000 kw. To satisfy this requirement, a substation will be
constructed in an area close to the headrace tunnel located about 20 km
from existing Siguirres Substation. These two substations will be con-
nected by a 34.5 kV transmission line, From the new substation, power
will be supplied by means of 34.5/6.6 kV transmission lines to the
scattered construction sites, such as dam, adits for headrace tunnel,
and power plant. The total length of the line is estimated at 12 km,

(cy Water Supply
Water from the Reventazon river and the Pacuare river will be used for
construction and drinking purposes.

(2) Procurement of construction materials

It is estimated that 145,000 fons of cement, 14,500 tons of reinforcing bar,

4,800 tons of steel materials, 600 tons of explosives and about 2,100 Kkl of oil,
including light oil, gasoline and heavy oil, will be needed as the principal supplies
for the construction. All these supplies, except cement, will be imported from
foreign countries. . , _

 Aggregates for manufacturing concrete will be obtained from construction
sites near the rivers of Reventazon and Pacuare. Transition materials and shell
materials for the fill dam will be collected from points close to the dam on the
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Reventazon river. Impermeable materials could be obtained from a point about
700 m above sen-level on the right bank of the dam. Further detailed study is
needed on the concrete aggregate and fill-dam materials.

3

Construction of Main Structures

(2)

Care of River:
As for the flood discharge at the Guayabo Dam site, the largest recorded

[low is 4,200 m3/sec and the probable five-year flood, 1,600 m3/sec. The
following three methods can be considered for care of the river at Guayaho
Dam site.

(b)

(i) A cenventional diversion tunnel

(i} A diversion channel made by excavating through the hill of coffee
plantation where the fill-dam will be huilt.

(iii) Cofferring half of the river

The first method (i), which calls for a diversion tunnel is obviously
disadvantagéous from the economic standpoint, inasmuch as the
design f{lood of 4,200 m3/sec for the fill dam is exiremely high.
The second method, calling for providing a channel, will greatly
restrict the work schedule for the following reasons:

~ The channel would require a large amount of excavation into the hill,
= The work to [ill up the dam on the channel would be carried out at
a time of the final stage of the project, and this would restrict the
construction programme,

Consequently, method (if) is not only economical but also restrictive
compared to method (iif). On the other hand, method (iii) affords the
execution of stream diversion quite freely for constructing the various
structures and has economic advantage over (i) and (ii).

Thus, the Guayabo Dam Construction will be carried out in three
stages.

Construction of Dam

(i) Ist stage
As for the first stage of care of the river, the width of the river-
bed will be expanded by excavating the nearest land to the river on
the left bank. The main work entails excavation and conerete
placing for the construction of a training wall of the spillivay on
the left bank. In parallel with the training wall construction a
coffer dam will be built in the upstream foot of fill-dam.
After completion of embankment of the coffer dam, the excavation
of the fill-dam will bhe continually carried out, followed by its
foundation grouting and embankment works. The elevation of top of
coffer dam will be 420.0 m by considering the highest recorded
[lood discharge of the past.
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(c)

(ii) 2nd stage : . S :
As the second stage of care of the river, the river flow will be
diverted by building a coffer dam between the intake and the . .
sediment control outlet, This will cause the stream to flow down
through the spillway which will be constructed next: year, = After
completion of the coffer dam, excavations, foundation groutings
and concrete placing will be carried out on the intake structures
and the sediment control outlet.

After completion of the concrete works, gates will be installed to
the intake and the sediment control outlet.

A probable flood of 5-year 1,600 m3/sec could be adopted as a
reference for planning the work in this stage.

(1iiy 3rd stage
As the third stage of care of the river, the river flow will be
diverted [rom the spillway section to the sediment control outlet
section by building a cofferdam surrounding the spillway section.
Excavation, foundation grouting, and concrete placing for the
spillway section will follow.
After the completion of the concrete work, installation of the dam
bridges, spillway gates, hoisting bridges, etc. will be carried
out.
The capacity of the sediment control outlet will be 800 m3/sec
when the water level is 420.0 above sea-level.
In carrying out the dam construction, it will be necessary to
relocate beforehand the railway on the left bank of Guayabo Dam
site towards the hill.
Tollowing are the required dam volumes for the project.

Fill-dam 564,000 m3

(Impermeable soil material 93,000 m3)
(Filter material 67,000 m3)
(Shell material 404,000 m3)

Gravity dam 198,000 m3

Construction of headrace tunnel

The headrace tunnel will be a pressure tunnel with an inside diameter

of 6.5 m and total length of about 9,600 m. The construction will be
carried out by dividing the tunnel into four sections with adits for
works, that four adits are shown in I'ig. II-6-11,

Adit No.3 and No, 4 will be used for the longest section of tunnel, which
covers a distance of about 4.5 km.

The sections of headrace tunnel will have two types of shape, Type A and
Typé B, shown in DWG. No. II-10. Type A will cover 70 per cent of the
tunnel and, Type B the remaining 30 per cent. Either an excavation of
full or upper-half sectional area could be adopted for the excavation of
the tunnel, but it would depend on the actual geological conditions found
during excavation.
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(d

Supports for protection will be placed in the entire length of the tunnel.
Concrete lining of the headrace tunnel will be carried out in parallel
with the progress of tunnel excavation.

After the concrete lining, concrete placing for invert, mortar and high-
pressure grouting, etc. will be carried out successively.

Construction of Other structures

()

(i)

(iii)

(iv)

Surge tank

After excavating the pilot shaft, it will be successively enlarged
downward to the prescribed sectional area. After the excavation
for enlargement, concrete lining will be carried out.

Penstock

Penstock will be put in place after excavating the foundation,
placing concrete and anchor blocks.

Power station

Protruding land will be excavated for diversion of the river,
followed by reclamation of a foundation for the power plant in the
river bed. Concrete placing for the foundation will be carried out
to construct the power plant.

Outdoor switchyard

it will be constructed next {o the power station. Same as the case
of the power station, the site required for the switchyard will be
prepared by excavating a po