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"1, INTRODUCTION

Costa Rica depends on oil, an imported energy source, for approximately 45
of lts enérgy (El Sector de Energia: ICE 1990). The Costa Rican Government
has placed emphasis on davelopment of domestic enérgy In its energy policy
with the objective of this policy belig to maintain balanced'growth of its
gsociety and economy to ‘release the country from excessive dependence on

foreign countries by means of substitutes for imported energy.

Based on this principle, Instituto Costarricense de BElectricidad (ICE), a
government organization, is eggressively carrying out hydroelectric power
develépment. Among others, the Pirris liydroelectric Power Development Project
(hereinafter reférréd to as "the Project") located at 30 km south of San José,
the capital of Costa Rica, in the central plateau area ¢lose Lo the Pacific
Ocean, may be sald to have a site with favorable siting conditions for
electric power development. This is a hydroelectric power development project
uﬁilizing a high head favored with abundant runoff of the Pirrfs River and
gsite characteristics. " ICE has focused on this development project, and
started surveys and étudies from 1966, with a concrete scheme established in
1974 aé the Pirris Hydroelectric Power Development Project. Later, in 1977,
a fullnflédged survey was commenced, and "Informe Preliminar del Proyecto
Hidroeléctrico Pirris, Dec. 1982" was prepared in 1982, and "Descripcion del
Proyecto Hidroeléctrico Pirris, 1988" Iin 1988.

ICE has assessed the Project as one with excellent prospects among the
domestic hydroelectric development projects of Costa Rica, and development at
an early stage is aimed for. Under such circumstances, the Costa Rican
Government requested the Japanese Government In July 1988 for technical
cooperation concerning a feasibility study of the Pfoject. The Japanese
Government, in response to this reqﬁest. commissionad the Japan International
Cooperation Agency (JICA) in January 1989 to dispatch a preliminary survey
team to Costa Rica and carry out a general reconnaissance of the project area
along with exchanging opinions with the Costa Rican Government. Based on the
results, a "Scope of Work for the Feasibility Study on Pirris Hydroelectric
Pdwer Bevelopment Project ia the Republic of Costa Rica" was agreed upon
between ICE and JICA.



Thé objective of this study is to carry out field investigations and study in
Japan 6oncérning the Pirris Hydroelectric Power Development Project to
formulate the technically, économically and financially optimum development
plan to prepare a feasibilirey report, and through thls study to transfer
technology Lo the Costa Rican countetpart,

This study consists of the three stages of Preliminary Investigation, Detalled
Investigation and Feasibility Design. The Prellminary Investigation
comprising the flret stage is divided into preliminary preparations in Japauw,
fleld investigations and analytical work in Japan. In Costa Rica, field
‘reconmalssances, collection of data, and the review are carrled out. In
Japan, analysis work is performed and the basic development scheme of the
Project is formulated.,” A Detailed Investigation works plan and technical

specifications are prepared based on this fundamental development scheme,

The Detailed Investipgation of the second stage is made based on the results
of the Preliminary Investigation in order to carry out feasibility design, and
consists of fleld reconnalssances, analysis work in Japan; and field
investigation works. Field Investigation works are carrled out by ICE and
JICA according .to their -respective tasks and consist of geological
1nvestigation works and wvarious tests. In the third stage, feasibility
design, cost estimation, and economic and financial evaluation are made based

on the results of Preliminary Investlgation and Detailed Investigation.

In November 1989, JICA began the work based on the "Scope of Work”. JICA next
dispatched the followlnpg survey teams for field investigations concerning the

Project,

H

November 29, 1989 January 27, 1990 First Preliminary Investigation
September 30, 1990 ~ November 13, 1990

January 7, 1991 ~ March 28, 1991

Second Preliminary Investigation

First Detailed Investigation

April 4, 1991 ~ May 9, 1991 '+ Second Petailed Investigation
June 1, 1991 ~ July 30, 1991 +  Third Detailed Investligation
December 1, 1991 ~ Decembar 15, 1991 Discussion on Interim Report

: Discussion on Draft Final Report

June 15, 1992 ~ June 29, 1992

During this time, the JICA Survey Team submitted the following reports to ICE.



Decembor, 1989

October, 1990

July, 19891
December, 1991
June, 1992

Inception Report

First Progress Report, Detailed Investigation Works
Program, and Technical Specifications

Second Progreas Report

Interim Report

Draft Final Report

The ICE and JICA carried out fileld investigations and investigation works
based on the abbvementioned Detalled Investigation Program. The outlines of

the Fleld investigations and investigation works are as shown in Table 1.1,

This report is submitted by JICA, through the Ministry of Foreign Affairs of

the Japanese Government, to the ICE of the Government of Costa Rica.

A brief summary of the results of the feasibllity study is presented in the

following part of this section.



Table 1-1  Invostigation Works

Itoms

Geological Investigation and Materlal
Tests
Drilling Work and Permeability Test
Upper Dam Site

Lower Dam Site

Penstock and Powerhouse

Exploratory Adits and Test Pits
Upper Dam Site (Adit)
Lower Dam Site (Adit)

Borroﬁ Area (Test Pits)

In-Site Tests (Plate Bearing)

Lowar Dam Site

Seismic Prospecting
Uppaer Dam Site
Lower Dam Site
Penstock and Powerhose

Inside of Adit at Damsite

Field/Laboratory Test of Material
Concrete Aggregate Materlal
Rock Material
Soil Core Material

Boring Core

Environment Aspect and Compensation

-

Dascription

150 m
290 m
55 m

50 m
100 m
15 m

6 points

1,648 m
1,594.6 m
4,824 m
150 m

12 samples
2 samples
28 samples
28 samples

1 L.S.



2. RESULTS OF EXAMINATIONS OF BASIC DATA
2.1 Foatures of the Project

The Pirris Hydroelectrlc Power Development Project described in this report
comprises a power generation scheme including a dam, a waterway, a powerhouse,
etc., and a power transmission scheme from Plrris Power Station to the

entrance of Escazu Substation,

The Parrita Rlver system consists of the.Pirris River, Grande de Candelaria
River, and the mainstream Parrita River. The river system has a catchment
area of approximately 1,275 km?, annual runoff approximately 2,179 x 10% m®
({estimated) and a total length of approximately 85 km. The Parrita River
majinstream has the Parrita Project planned at dowmstream site of the Pivris
Project, and the La Celba Project and the El Ray Project on the Grande de
Candelaria River. The Bijagual Project is located downstream junction of the
two rivers. Among these projects, the Pirrls Project is a scheme exclusively
for power generation which will use the greatest head on the mainstream. It
can be developed independeut of the other projects. The Pirris Project is a
hydroelectric power generation scheme which will use a high head and is
favored with respect to siting characteristics and abundant runoff.

Therefore, early development is looked forward to.

As mentioned above, there are two development schemes located at downstream
site of the Project, and the runoff adjustment brought about by the Project
will helghten the utilizatlon effect of these doimstream power statiomns. On
the other hand, when cdnsidering the river system as a whole, the
doﬁﬁstreammost Bijagual Project will serve as a renregulating.reservoir for

the power discharge of the Project.

2.2 Necessity for Devalopment

The electric poﬁer facilities of the Republlc of Costa Rica as of January 1991
amounted to 997.6 M4, The ratio between hydroelectric power (747.3 MW) and
thermal power generating facilities (250.3 MW) is approximately 75:25.
Meanwhile, Costa Rica has boen making eléctric power interchanges with



Micavagua since 1982, with londuras since 1983, and with Panama since 1986,
' Recently (1987-1990), import of electric power from Honduras has heen
conspicuous. In 1990, approximately 260 GWh were imported from Honduras while
approximately 121 GWh were exported to Panama, It is consildered that power

interchanges among the four countries will continue in the future.

The results of forecasts made by ICE regarding future power demand (1991-2010)

and the results of forecast by the macroscopic method are as follows:

ICE Forecast

Year'_ _ {as of Aup, 1990) Macroscopic Forecast

(GWh) (M) (GWh) (MH)
1991 3,878 T4h 3,887 740
1995 4,852 933 4,990 949
2000 - 6,550 1,261 6,632 1,262
2005 8,561 1,644 8,591 1,635
2010 10,649 2,031 10,863 2,067

To cope with the power demands, Sandillal Hydroelectric Project (32 MW) is
scheduled to be commissionoed in 1993, Toro I Hydroelectric Project {24 MW) in
1994, and Toro IT Hydroelectric Project (66 MW} in 1995. In addition,
Miravalles I Geothermal Project (55 MY) and Miravalles II Geothermal Project
(55 M¥) are under construction for commissioning in 1994 and 1995,

respectively.

Cconsiderad from the physical schedule of development, it is thought the
commissioning of the Project will be in the year 2001. Seen from the clectric
power demand and supply ﬁlan. pirris Project (128 MW) is desirable to be
comnissloned at that time following Angostura Hydro Project.



2.3 Meteorology and Hydrology

The climate 3n the Pirris River Basin where the Pirris project site is located
may be divided into 1) a humid, warm, rainy climate {(clima templado lluvioso),
2) n tropical evergreen rain forest climate (clima tropical lluvioso y seco),
and 3) a tropical rain forest climate (clima tropical lluvioso). The project
‘area 1s located in repgions having the climates of 1) and 3}. The planned dam
site which is central to the Project is In the region of 1}, the catchment
"area being approximately 250 km?, mean annual preclpitation 2,600 mm, and mean

annual temperature approximately 18°C.

The meteorological and hydrological quantities of the planned Pirris dam site
obtained from analyses of meteorological and hydrologlcal data concerning the

Project are as follows:

Mean annual precipltation : 2,600 mm
Annual ‘inflow r 351,61 x 105 md
Annual average runoff : 11.10 m*/sec

373 tonjyear/km?
4.29 x 105 m’

Suspended sediment

-

Planned sedimentation

-

Antual reservolr surface

evaporation 1 1,309 mm
Mean annual temperature :+ 18°C
Existing maximum £lood i 720 m*/sec {at Mo, 2604)
10-ysar return period flood : 560 m}/sec

Probable maximum £lood (PMF) 1,670 m*/sec
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(a)

'Geoit}gy and Matcrinlg

Geologlical Investigation Works

Geological investigation works carried out for the feasibillty study of
the Project were geological reconnalgssance, aerial photo interpretation,
core boring (including Lugeon test, in-hole water-level measurement),
exploratory adit, test ﬁit. selsmic prospecting, In-situ rock tests, and

laboratoty rock test,
The quantlities and results obtained may be summarized as follows:

Geological reconnaissances: carried out on roughly the entire damsite
area; and parts of the reservolr,_ headrace tunnel, penstock, and
powerhouse sites; Aerial photo interpretations were made of roughly the
entire project area, These investigations made it possible to grasp the
topographical and geoiogical outlines of the project area and sltes of

the various principal structures.

Core Boring and Permeability Tests: 3 holes totalling 150 m in length,

and 22 Legeon tests at the upper damsite; -4 holes totalling 290 m in
length, and 43 Lugeon tasts at the lower damsite; 2 holes totalling 55 m
in length at the penstock and powerhouse sites, The groundwater levels
were checked at all of these holes, The surface deposits, geological
conditions of basement rock, geotechnical properties, and conditions of
ground water of the various sites were confirmed through these

investigations and tests.

Exploratory Adits: one, length 50 m, at the left bank of the upper

damsite; one each, length each 50 m, at both banks of the lower damsite.
The properties of the foundation rocks of the individual damsites were

directly observed through these adits.

Toest Pits: 3 pits, total depth 15m, at the soil materials
investigation site on the right-bank side of the reserveir area. The
distributions and properties of talus deposits and residual soll were

revealed by these pits.



{b)

Scismic Prospecting: 6 traverses, total length 1.6&8.0 m, at the upper
dam siteg 6 traverses, total length 1,594.6 m, at the lower damsite; and

6 traversas, total length 4,824 m, at the penstock and powerhouse sites

~comprising surface prospocting; and 3 trdverses, total length 150 m, at

all of the wupper and . lower damsite adits comprising AIntra-adit
prospedting. Through such prospecting, data were obtalned concerning
the states of loosening of the surface parts of basoment rocks at the
two damsites, the weathered conditions of bedrock at the ridge along the
penstock route, and the distribution condition of terrace deposits at

the powerhouse site.

In-situ Rock Test (Plate Bearing Tests): 6 sites, 3 sites each at 2

places Iin the side adlts at the two banks of the lower dem site where a
concrete»type dam is planned. Various moduli of elasticity were
obtained for the dam foundation rock., (The results of in-situ rock
tests will be described later,)

Laboratory Tests: Tests were conducted on 12 samples of concrete

aggregates, 2 samples of rock materials, and 28 samples of soil
materials. In order to learn about the physical character and
mechanical properties of the dam foundation rock, various kinds of
laboratory tests were performed on 28 boring core specimens collected

from the upper and lower damsites,
Geology

The project area 1is located in the basin of the Pirrls River, a
tributary of the Parrita River which is at roughly the central part of
Costa Rica and empties into the Pacific Qcean. This river basin is in
a mountainland genérally presenting a mature topography with many steep
slopes., Many of the rivers and gullies within the area have V-shaped

valleys with swift streams,

The geology of the Project area consiéis of basement rocks of igneous
rocks and sedimentary rocks of the Mesozoic Era Jurassic Period to the
Quaternary Period Pleistocene Epoch, and overlying unconsolidated
deposits of the Quaternary Period. These igneous rocks are mainly basic



rocks and are distributed mainly at the right-bank side of Pirris River
from the vicinity of the damsite to the powerhouse¢ site, and locally at
the left-bank side, On the other hand, the sedlmentary rocks are
distributed at the greater part of the reservoir area and most of the
tunnei route. In the Project area, the igneous rocks are overlain in
' unconfofmity by the sedimentary rocks, but the two contact each other by
faults at placeé. '

Rive; deposits and colluvial doposits covering the slope surface at
parts mainly comprise the unconsolidated Quaternary deposits, but both
are limited to partial distributions.

The rveservolr area mainly has sedimentary rocks belonging to the Terraba
Formation (Oligocene-Pleistocene) distributed. According to the
investigations up to the present, it has been found there is no problem
in particular concerning water-tightness, stability of slopes of the

resarvolr rim, and sedimentatian.

The damsite is located on the middle stretch of the Plrris River in a
 mountainland with mountain peaks of elevations from 1,500 m to 2,000 m.
Two sites, upstream and downstream, were compared and studied.
poographically, the upper site has a wider valley width compared with
the lower site which has a V-shaped valley.  The river-bed elevation of
the damsite is approximately 1,100 m at the upper site and 1,080 to
1,090 m at the lower site.

Regarding dam-site geology, the upper site is composed of sandstone said
to belong to the Terraba Formation and with intercalation of shale,
éiltstona. and conglomerate at parts, while the lower site is composed
of dolerite-basalt said to belong to the Nicoya Complex mainly
consisting of ophlolitic rocks.

With regard to the engineering geological properties of the foundations
of the two damsites, both sites have little distributions of surface
deposits, with basement rocks exposed at the greater parts of the
surfaces of the dam foundations. Although the surface portions of these

rocks are more or less loosened and groundwater tables are slightly low



dt the mountain bodies on both sldes, they have been found to possess

sultabilities as dam sites.

Waterway structures from intake to powerhouse are planned at the left-
bank side of the Pirris River. These waterway routes pass entirely

_ through mountainiand.

The headrace tunnel route passes through mountain bodies of around EL.
1,400 m in the first-half section. . 1Tt has grade crossings with
comparatively large gullies at several places along the way, while the
latter-half section passes under a single mountain body having an
elevation at lts pesk of 2,150 m. The earth cover of the tunnel is
approximately 45 m to approximately 360 m at the flrst half and
approximately 100 m (in the vicinity of the surge tank) to approximately
1,000 m at the latter half. '

The area along this route, other than having igneous rocks at the first-
half section, mainly has sedimentary rock distribution. It is expected
that the tunnel will cross with at least 5 or 6 faults, either large or

small.,

Regarding the enginecring geological properties of this tunnel revealed
by dinvestigations up to the present there are possibilities of
undesirable conditlons, such as, deterloration of lithologieal
character, inflow of ground water in sections of cover for the tummel
less than 100 m (approximately 450 m) and near intersections with
faults, rock bursts, and rises In ground temperatures. It has been
found; however that there 1s no distribution of ground strats of low
degree of consolidation, distribution of karstic rocks over a wide area,
or active volcanism of a degree to have a fatal effect on the tunnel
project. Further improvement in accuracy of investigations on the
tunnel ié necessary., However, taking the present level of tunnel
engineering into account, it 1s possible to overcome any unfavorable

conditions for the tunnel.

The surge tank site is located at the vicinity of EL. 1,240 m on a Eidge
extending in the WNW direction, the penstock route along a ridge bearing



(c)

from a WNY direction to a NW direction partly along the way, and the

powerhouse site on a terrace of EL. 330 to 340 m formed along the left

bank of the Plrris River,.

Sedimentary rocks of siltstone and sandstone are distributed from the
surge tank site to the upper-half section of the penstock route. Basic
rocks mainly of dolerite-basalt are distributed from the Llower-half

section of the penstock route to the powerhouse site.

Thése structures are planned avoiding the landslide topography seen in
the vicinity. According to the results of investigations up to this
time, it is thought theré are no factors from-an engincering geological

standpoint to force changing of plans.
Materials

0f construction materials for the Project, the most important are
materials for constructing the dam. In case of the upstream site, the
dam will be a fill type. In case of the downstream site, a concrete dam

would be conceivable.

As rock and filter materials, the dolerite-basalt distributed at the
lower dam site and its surroundings is of good quality according to the

results of laboratory tests. There ls no problem in quantity.

As soll materials, the topsoil and talus deposits on the right-bank
gslope approximately 1.5 km from the upstream dam site are usable both

quality-wise and quantity-wise.

Either river-bed sand-gravel, or dolerite-basalt or sandstone among
basic rocks may be considered for concfete aggregates near the damsite.
According to the results of investigations and tests conducted up to
this time, the sandstone distributed in the general area of the vicinity
of the upstream dam site ls conceivable to be used. The sandstone is

possible to quarry both quality-wise and quantity-wise according to the

“results -of investipations and laboratory tests conducted up to this



time. With reépact.to this sandstone, it will hbe necessary to conduct

tests on artificially crushed rock.

- Other than this sandstone, it may be possible to use part of the
“dolexite-basalt in the form of excavation muck from the diversion tunnel

for the dam and from the headrace tunnel as concrote aggregates.

25 Reosults of In-situ Tests

Plate bearing tests were performed at 3 polunts each of 2 locations, a total
of 6 points, in- the adits at both banks of the downstream site where a
concrete type dam ls planned. The results of the tests may be summarized as

follows:

In the adit LA-1 at the left bank of the downstream site, the test locations
correspond to a part of fairly good condition for the bedrock at the
downstream gite. The modull of elasticity were 28,000 to 31,000 kg/em?,
secant moduli of elasticity 38,000 to 42,000 kgfcm?, and tangential moduli of
elasticity 42,000 to 48,000 kg/on?.

On the other hand, in the adit LA-2 at the right bank, the conditions of rock
at the test locations were the best in this adit, but slightly inferior when
compared with the left-bank side. This was reflected in the test results,
The modull of elasticity were from 12,000 to 30,000 kg/fcm?, secant moduli of
elasticity 30,000 to 43,000 kg]cmz.and tangential modull of elasticity 35.600
to 48,000 kg/cm?, '

It may be said that the test results indicate that ample bearing capacity as
the foundation for the concrete type dam planned is possessed at the lower

damsite.
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The Pacific Ocean-side region of Gosta Rica comprises the plate boundary where
tho Cocos Plate sinks under the Caribbean Plate, and many earthquakes occurred
at this plate boundary in the past. There have been as many as approximately
50 earthquékes of magnltude 5.5 or higher which occurred within a radius of
200 km from the Pirris Project silte covering the Pirris river basin since
1904, It is essential that thorough evaluation be made regarding earthquakes
and propér consideration be given in the earthquake resistant design of
electric power facilitles. The seismic risk analysis based on the stochastic
technique is performed. And the maximum acceleratlon at the dam site which
is absolutely necessary as a fundamental condition in carrying out the

earthquake-resistant design is evaluated.
In the seismic risk analysis here, the earthquake data from the earthquake
data file of NOAA (NHational Oceanic and Atmospheric Administration of the

United States Geophysical Data Center) were used.

The earthquakes occurred within a radius of 2,000 km from the Pirris Project
site during the period from 1900 to 1991 and were 5,191 in number,

As a result of this study, design horizontal seismic coefficient for the

Pirris dam site was set up as follows:

Deslen Horizontal Seismic

Dam_Type Cosfficient
Fill Type Dam 0.15
Concrete Gravity Dam 0.15
Concrete Arch Dam 0.30

" The determinétion of optimum configuration and cross section of dam, and the
basic stability evaluation of dan during earthquake are normally made
according to the seismlc coefficlent method. The design selsmic coefficient
~to be used in the seismic coefficlent method, as previously mentlioned, is
evaluated considering a conversion factor for the maximum acceleration of

earthquake motion assumed for the site. The value of the conversion factor

2 - 10



can be thought to depend on the frequency characteristics of the earthquake

motions assumed, and the dynamic chavacteristics of dam and foundation rock

to be considered in the earthquake-resistant design.  Therefore, it is

desirable to ascertain the seismic stability of dam by dynamic analyses in the

detalled design stage. The appropriateness of the deslgn selsmic coefficient

can be verified by comparison of dynamic and statlic analyses.

27

(a)

{b}

. Environmentai Evaluation

Survey Method

As for environmeﬁtal impact nssessment, the. site investigation was
conducted by grasping the present environmental situation and the
charactaristics of the region where the project site is located and
selecting environmentél1y-important items and items considered to have

big environmental impact from existing and newly-obtained matevials with

reference to wmanuals, guidelines, etc., prepared by the World Bank,

Japan International Cooperation Agency, etc.

The survey was conducted in cooperation with neutral organizations such
as a national university, etc., in Costa Rica to make the survey and its
environmental impact assessment fair. In this survey, materials were

collected, the site invéstigation was conducted in cooperation with ICE,
Natural Congervation around the Project

There are designated areas in the Pirris River basin, such as four water
source raserves required for maintaining water quality and quantity, one

forest roserve and two reservations for aborigines, but they are away

from the project site.

2 - 11



{c)

(d)

(e)

Vegatation

Since the area to be submerged as the reservoir is used as pastures and
cultivated land without any forests, the reservolr will have no impact

on natural vegetation in its vicinity.
Animals

Since there are no big Forests In the vicinity of the project site, the
phhse of animals is also poor. The section with an area of 1.10 km?
along Pirris River is planned to be submerged by the construction of the
resexrvolr, but no forests are included in this section. The reservolr
will provide the waterside while destroying a part of the habitable
foundation for land animals. The bank of the lake can be a new living
environment, but dis expected to have no big impact on the living
conditions of animals by giving consideration to the gradlent of the

slope and the size of water-level changes.
Water Quality
i) Present Situvation

Water in Pirris River at the project site is contaminated by organip'
matter discharged from coffee factories. Water quality is so bad
that the water emits a foul odor. Fertilizer and livestock manure,
which are discharged respectively from coffee plantations and
pastures upstream from the project site, have become the cause of
further water contamination. It is characteristic of water quality
to become the worst in the dry season which falls at the time to
roap and process coffee fruits, and to improve considerably in the

ralny season.
i1} Water Quality Changes in the Reservolir
It is obvious that the reservely, which is planned to appear

together with the construction of the dam, will largely change the

process of water purlfication. The reservoir is cone-shaped and

2 -12



(£)

deep, and water Is expected to be replaced not so often but about
ton times a year., $ince the temperature at the project site is
constant all the year around, a vertical current of water in the
reserVoif will ba difficult to be created by seasonable temperature

differences.

When organic matter accumulates at the bottom of the lake near the
dam in a reservoir of this kind, water in the lower part of the lake
ioses oxygen together with the decomposition of organic matter,
While organic matter decomposes continuwously in the anaerobic state,
haymful gaées such as methane, ammonia, hydrogen sulfide, etc., are

expected to be genérated by the action of reduction.

The present concentration of nitrogen and phosphor in the water of
Pirris River is high, standing at 2.4 ppm and 8.2 ppm respectively,
A nitrogen.concentration of 0.3 ppm and & phosphor concentration of
0.015 ppm are regarded as the index to the start of lake
eﬁtrophication. The present concentration of them in the water of
Pirris River 1s so high that the reservolr can not aveid becoming

eutrophic.

Water gquality in the vreservoir is expected to deteriorate
conslderably in the future since a log of organic matter and
nutrient salts flow lnto the reservolr from the river basin.
However, since the contamination load factors of nitrogen and
phosphor imposed by coffee waste matter are 622 and 87%
respectively, the reduction of coffee waste matter is the most

effective measure to prevent water contamination,
Water System Utilizatidn
The power station will have no lmpact on water utilization since it is
conducted only in the area upstream from the regervolr. Most water
utilization facilitles consist of coffes processing factories and all

the water utilized is returned to Pirris River,

There ig no fishery, and no filshery right has been determined either,
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{8)

(h)

(1)

NE)

Land Utilization

What the Project is expected to most {nfluence land utilization in its
vicinity is to submerge land by the storage of water. Coffee
plahtations and pastures with a total area of 1.10 km? are expected to
be submerged. But they account only for a small portion and the power
station will have no impact on land utilization in the region.

Local Community

Since the Project is located more than & few km away from the nearest

" village, it will have no big dircect relationship with social 1life in

this reglon although employment and consumption are expected to increase

temporarily.

Roads In its vicinity will be Improved or newly constructed by the
establishment of the power statlon, and the situation of roads in this

region are expected to be drastically improved.
Cultural Assots

Investigations of archaeological-and-historically-important cultural
assets, which shoﬁld be protected, are not being conducted now in the

vicinity of the Project site.
Monitoring

Basad on the estimation of the present environmental situation or the
environmental impact, water quality ls the most important problem among
the problems of the environment in the vicinity, which may be caused by
the implementation of the Pfoject. In this regard, it is necessary to
monitor the environment after the startup of the power station and
during the construction work in trying to confixm the effects of varilous

measures or get the feedback of those measures.
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(k)

Compensation

There are four houses required to be transferred and one suspension
bridge. As for houses, ICE will purchase substitute land and provide it
to them.

The means of transportation to substitute for the suspension bridge is
expected to be selected from a new bridge, a bypass road, ferry service,
ete,, but this should be included In the project costs after all.

The total compensation cost required for the Project is 84 million
colons. The cost to substitute the suspension bridge should be added to

this amount of money.
The accurate compensation costs will be determined in estimating the

process of land planned to be purchased by ICE and negotiating with

tandowners In the execution process of the Project.
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3. OUTLINE OF OPTIMUM DEVELOPMENT PLAN

3.1 Outline of the Projact

The outline of the Pirris Project is as described below.

The Project is located in the central plateau approximately 30 km south of San
Jose, . the dapital.of Costa Rica. A concrete‘arch.gravity dam of height 120 m
and dam volume 390,000 m® is to be constructed at a point approximately 30 km
upstream from the junction of the Grande de Candelarla River, a tributary of
the Parrita River (Pirrils River) and the Pirris River to obtain a gross
storage capaclty of 37.5 x 10% m® and effective storage capaclty of 30.6 x 10¢
m?., An snnual average inflow of 351.6 x 10% m® is to be regulated with this
reservoir. A maximum dischacge of 18 m¥/sec is to be drawn.by an Intake
provided at the left bank immediately upstream of the dam. It Is conducted
via a headrace tunnel of 8.7 km and a penstock of length approximately 2.6 km
to a powarhouse provided at the left bank to attain a maximum output of 128 MW
and énnual énergy production of 609,3 x 10° kWh. The electric power produced
at Pirris Power Station would be transmitted by a 230-kV transmission line to

Escazu Substation.

3.2 Construction Cost and Economis Evaluation

The total construction cost required for construction of the Project will be
Us$218,915,500. The period of construction is to be approximately 5 years.
The construction costs at the generating end per kW and kWh will be US51,599.0
and US$0,336, respectively. As for the construction costs at transmitted end
(Escazu Substation entraﬁce) per kW and kWh, they will be US$51,710.3 and
US$0.359, respectively. The generatling energy cost of the Project at the
entrance of Escazu Substation will be US$0.0255/kWh.

The net present value (B - C) and the bensflt-cost ratio (B/C) of the Project
in case of & thermal power plant as the alternative power generating facility
will be US$64,216,000 and 1.47, fespectively. The financial internal rate of
return (FPIRR) and economic internal rate of return (EIRR) of the Projeci are
12.02% and 12.8527, respectively.
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Outiing of Pirrls Hydroelectrle Power Development Projoct

Ttems

_ Unit Description
Locatlan Pirris Rivor
Hydrology
~ Catchment Area km? 250.8
Averagé Annual Inflow 108 m? 351.6
Dosign Flood m’/ sec 1,670
Reservolr N
Normal High Water Level (NHWL) m 1,195.00
Low Water Level i 1,149.00
Available Drawdoun _m N 46.00
Sedimentation Surface m 1,140.00
Gross Storage Capacity 10% w? 37.47
Effective Storage ‘Ca_pécity 10% m? 30,59 )
Surface Area at NHWL km;m N 1.23
Diversion Tunnel
Design Plood m*fsec 560
Type - Horse-shoe type
Humber of Tunnel - 1
Inner Diameter m 6,50
Inlet $111 Elevation m 1,086.00
Length m 330.00
Dam |
i .Type - Concrete arch gravity dam
Crest Elevation M 1,197.50 '
Crest Léngth m 225.00
Crest Width . m 1 6.00
.Dam Raeight | m 120.00
Dam Volume w’ 387,000

—




© Unit

Deseriptlion

Items
Spitlway _
Dasign Flood m fsec 1,670
Type - Overflow with gates
Capaclty of Spillway ' [sec 1,706
Crest Elevation " 1,184.00 ~
Crest Length m 11,50 x 2 |
Outlet Works .
Capaclty of OQutlet | m’fsec ‘ 75.0 (Maximum)
Type - Conduit with gate
Plameter of Conduit m x Typical section
Width 1.70 x Height 1.85
- Elevation of Inlet Centex m . 1,135.00
Power Intake
Typg - Inclined tower,
. Reinforcement concrete
- structure
Number set 1
Maximum Discharge m*f sec 18.00
Inlet sil1 Elevation m 1,142.00 ]
Size mxm .Hidth 8.50 x Hefght 55.00
Headrace Tunnel
Number - 1 L
Maximum Discharge m’fsec 18.00
Inner Diameter m 2.80
Length m 8,686.32
Surge Tank
~ Type - Orifice Type
Size, Height of shaft m 15.00 + 88.50 = 103.55
‘Diametor m 10.00 and 5.00
Port Diameter m 1.20




Ltems Unit Description
Maximum Ralsing Water Level m 1,207.54
Makimum Drawdown Water Level m 1,115.91
Penstock
Type - Open type (Part of the
. penstock is Inbedded in
the tunnel,)
Maximum Discharge mf sec 18,00
Inner Diameter m Main 2,80 ~ 2.10
‘ Branch 1.00
Length m Main 2,601.43
Length m Branch 22.91 x 2 = 45.82
Powerhouse
Type - Semi-underground type
Size m Width 24.506 x Length
: 45,00 x Heipht 32.60
Cénter of Turbine m 304 .50
Maximum OQutput My 128
Tallrace
Type - Concrete box culvert non
pressure type
Maximum Discharge m*fsec %E;EP ]
Inner DiaTEEer i 3.30 ~ 3.?0
_ Length m Main 265,48
Length m Branch 25.00 x 2 = 50.00 -
Cuttet .
Type - ‘Concrete structure
Maximum Discharge uﬁféec L 18.00
Size 1n Width 3.30 x Height 3.30
m- 298,50 |

Outlet 8111 Elevation




Items _ Unit ' Description

Power Generating Facilitios

Standard Intake Water Level m 1,113.?0
Tall Water Levél : m 304.50 (Turbine center)
Gross Head m 875.20
Rated Effective Head . n : 830.70
Maximum Discharge m’/sec 18.00
Unit Capacity _ MW {Unit : 64
Number of Unit - Unit _ 2
Rated Qutput MU _ 128

_Turhine
Type - Vertical-shaft Pelton

_ _ turbine (6 nozzles})

i Number of Unit Unit 2
Rated OQutput M 65
Revélving Speed T pm _ 720

Generator
Type _ - S—phase..AC, synchronous

generator

Number of Unit ' B Unit ' 2
Rated Output MVA 71
Voltage | kv 13.8
Frequency ' ' Hz 60
Roevolving Spoed rpm 720

Main Transformer

Type - : 3-phase, forced oil, alr.
cocled type, outdoor-type

Number of Unit Unit 2 {including 1 reserve)

Capacity : MVA 72

Voltage | kv 13.8/230




Ttems . Undt Degcription
Switchyard
Bug Composition. - Double buses
Yoltage kv 230
Connecting Transmission Line cct 2
Connecling Overhead Line
Sec¢tlon - Pirris P{P to switchyard
Number of Circuits 2
Vbltage kv 230
Tranemisslon Ling
Sécﬁion. - Pirris P/P switchyard to
. » Escazu substatlon (44 km{m“
Numbér of Circu}ﬁg cet 2
Voltage kv 230
Powier Generation
Annual Firm Energy GWh 230.0
Annual Secondéry Energy GWh 379.3 .
Annual Total Energy i Gwh_ 609.3
Construction Period year 5 -
Project Cost
Pam and Generating Facilities Us$ 204,677,200
Trénsmission Line Us$ 14,238,300
Total uss 218,915.%29 i
Unit Gost at End of Power Plant
Per kW  uss 1,599.0
Per kWh Us$ 0.336
Unit Cost.at End of Transmission
Line
Per k¥ uss 1,710.3
" Per kiWh Us$ 0.359




Items Unit Descriptidn-
Economics . o
 FIRR b 12.02
EIRR ”mi 12.85 ]
EDR 1 o 19.27
#-C (Hot present value) Uss 64,216,000
B/C (Bonefit cost ratlo) | 1.47

Forelgn Exchange Rate

1 US§ = 105 Colones
{(As of Jan. 1991}




4, CONSTRUCTION SCHEDULE AND CONSTRUCTION COST

4.1  Construction Schadule

Consldering the commissioning year of the Project as 2001, it will be
necessary to make preparations for start of construction roughly according to

the schedule below,

Period Ttem
Dec. 1939 - Sep. 1992 Feasibility Study
Oct. 1951 - Apr. 19963 Further Investigatlion Works
Oct. 1992 ~ Sep. 1994 Final Design
June 1992 - Dec, 1992 Request of ICE to MIDEPLAN
Oct. 1993 - Sep. 1994 Finance Formalities
Sep. 1994 - Sep. 1995 Approval of Congress

- O0ct., 1994 - Apr, 1996 - Bidding and Award of Contract
for Construction :

May 1996 -~ Apr. 2001 Construction

The construction work of the Project, as a result of examining the
construction scale, layout or structures, preparatory works, etc., will
require a construction period of approximately 5 years, The construction

schedule of the Project is shown in Fig. 9,

4.2 Construstion Cost

It was considered that designs, construction methods, materials, and products
of the technical levels which can be expected at the present time will be
applied to the construction cost, Estimation was made consldering the
geological and tbpographical conditions of the project site, construction
scale, etc. The time of estimation was taken as January 1991. (The foreign

exchange rate was considered as US$1l = 105 Colones.)



_Tha construction cost will be US$§218,915,500, Local and foreign currency

requirements in tefms_of U.S. dollars are as follows:

Local currewcy: Us$ 85,880,300
Foreign currency: . US$133,035,200
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8.

CONCLUSIONS

The Pirris Hydroelectric Power Development Project is located approximately
30 km south of San Jose, the capital of the Republic of Costa Rica, with

construction at the middle stretch of the Pirris River.

According to the results of studies made based on data obtained up to the

present, it is concluded that the Project is feasible from both technical and

economic viewpoints, The conclusions are given bolow.

(1)

{(2)

(3)

(4)

The Project has the objective of supplying abundant and stable slectric
power to meet power demands effectively utillzing water powver resources,

an Indigenous resource of Costa Rica.

Eléctric power demand in the Republic of Costa Rica is steadily growing
Year after'yéar. The annual average growth rate in power generation
from 1980 to 1990.roc6rded 5.1%. he electric energy production of 1990
was 3,544 GWh (peak electric power 682 MW)., Meanwhile, the electric
power facilities as of 1990 amounted to 890 MW. The Costa Rican
Governﬁent. in order meet the power demand is presently proceeding with
congtruction of hydroelectric and_geothermal power plants to make use of

indigenous resources.

According to a load forecast made by ICE in August 1990, the demand is
expected to reach 933 MW (4,852 GWh) in 1995, 1,261 MW (6,550 GWh) in
2000, 1,644 MW (8,561 GWh) in 2005, and 2,031 M (10,649 GWh) in 2010.

Regarding the timing of addition of the Project to the national electric
powef system, taking into consideration the period required for
additional investigations, detailed design, and construction, It is

judged appropriate for operation to be started around the year 2001,

As a result of examining three alternative plans regarding development
of the total head between the Pirris dam site and the vicinity of
Quebrada Sonzapote - development in a single stage and development in
two stages (two versions) -, the gingle-~-stage development which is the

most economically superior was selected as the basic development scheme.



(3)

(6)

Two locations, the entrance' to Pirris Gorge {lower dam site) and

approximately 500 n upétream (ubper dam site) were considered for the

dam site of the Project.

The topography of ‘the upper dam site is that of a gradual U-shape, while
that of the lower dam site is a V-shape.

The geclogy of the upper dam site basement mainly consists of sandstone
with partial intercalations of shale, siltsone, and conglomerate. As
unconsolidated surface deposlt overlying the basement rvock, there are

river déposits; terrace deposits, and talus,

On the other hand, the geology of the lower dam site basement, other
than for distributidn of siltstone extremely locally at the top of the
rightfbaﬁk ridge, consists on the whole of dolerite-basalt, The
dolerite-basalt distributed ét the dam foundation is lithologically
hard, but there are cracks or Jolnts developed at parts, Also,
loosening at the right-bank mountain hody becomes scraggier the higher

the elevation. 'Therefore, it is necessary to thoroughly investigate the

‘mechanical characteristics of the rock body above mid-height.

Studies were made regarding the  wupper and lower dam sites
comprehénsively consideriﬁg topography, geology, flood discharges,
construction meterials, etc.,, and the dam types below were selected.
Comparison studieé were made selecting for the upstream dam site &
rockfill rype, and for the downstream dam site, a-concrete gravity type,

a concrete arch gravity type, and a concrete arch type,

- According to the results of the studies, it would be most economical

apparently for a concrete arch dam to be coastructed at the lower dam

site, with a concrete gravity arch dam being the next most economical.

" However, the topography and geology of the right bank of the downstream

site have heen found to be such that the cidge is much scraggier than
originally imagined, and hes numerous cracks and joints of poor

condition. The faint possibility for a concrate arch dam to be chosen

‘needs to be examined based on the results of further geological

invaestigations and geological assessments. Therefore, at the



(N

(8)

(9)

feasibility study stage, it is judged to be suitable for a concrete arch
gravity dam to be selected at the lower dam site.

For the development scale of Pirris Reserveoltr, comparison studies were
carried out for.the five cases of effective storage capaclties of 10 x
10% m?, 20 x 105 m?, 30 x 10® m®, 40 x 10® m?, and 50 x 10° m® taking into
consideration the geology, sedimentation, and efféctive storage capacity
of the reservoir area. The examinations of these development scales
were méde simultaneouél} with the process of studylng the dam site and
the dam type, varying the reservolr scale. According to the results of
the examinations, in case of adopting a concrete arch gravity dam, it is
appatently suitable economically for the effective storage capacity to
be 30 to 40 x 10® m®, It is judged that effective storage cap&city of
ﬁpproximately 30 x 10° m* and high water level of approximately 1,195 m
will be suitable Judging from the topographical and geological
conditions at the right bank of lower dam site as mentioned in items (5)
and (6), The height and volume of thé dam selected In this manner will
be 120 m and 390,000 m?, respectively, The spillway would be located at
roughly the mlddle of the dam body, and two radial gates of width
11,50 m and height 11.00 m capable of discharging the probable maximum
flood of 1,670 m?lsec ara to be installed.

Regarding the optimum scale for Pirrls Power Station, comparison studies
were made of maximum power discharges varled for five cases between 12
and 24 m?/sec and peak durations of the three cases of 5, 7, and 9 hours
with reservoir scale at 30 x 10® m?, As a result of the studies, a
maximum power discharge of 18 m*/sec and installed capacity of 128 MW

will be the most advantageous.

The intake would be provided at the left bank approximately 90 m
upstream of the dam. As a result of comparison studies of Inclined
types (I} and (LX), and a tower type, the inclined type (I) was

selected,

The headrace tunnel route was selected to connect the intake and surge
tank sites by the shortest route within limits that the tunnel would

have adeguate earth cover and work adits would be easy to provide. The



(10}

length and inside diameter of the headrace tunmnel would be approximately

8.7 km and 2.8 m, respectively.

For the surge tank, & sinple typs and a restricted orifice type were
coﬁparéd. and as a.resuit of the study, the restricted orifice type was
selected. The inside diameter of the vertical shaft and the orifice
diameter are to be 5.0 m and 1,20 m, rvéspectively.

Regarding the penstock route, comparison studies were made of a surface
type and two tunnel types, (I) and (II). The surface type was selected
as a result of the study. This penstock is to have a length of
approximﬁtely 2.6 km and is to be bifurcated at the end. The inside
dismeter of the penstock pipe is to be 2.8 m at the connection with the
surge tank and 2.1 m at the bifurcation point at the bottom, while after
bifurcation, it ks to be 1.0 m at the points where connecting with

turbines.

Thé Qowerhouse is to he located on the extension of the penstock at a
flat place of land of elevation around 330 m, This flat land is covered
by terrace depoéits, .and because the rock line is deep and in
consideration of the layout of outdoor structures such as the powerhouse
and outdoor switchyard, lt was decided to locate the powerhouse close to
the side of the mountain as much as possible. A tailrace would be
provided from the powerhouse to the Pirris River. The dimensions of the
powerhouse are width of 24.50 m, length of 45.00 m, and height of
32.60 m. The number of main electro-mechanical equipment would be 2
units, with the turbine type and the generator being 6-nozzle Pelton
turbine (65 MW) and 3-phase, alternating-current, synchronous generator
{71,000 kVA). respectively.

The switchyard is to be provided building up a lot 86.00 m in width and
100 m in length on the river side of the powerhouse with a road for

malaotenance and Inspection at the periphery.

The electric power generated at Plrris Power Station is to be
transmitted from Pirris Switchyard to Escazu Substation by a 230-k¢, 2-
cct transmission llne (length approximately 44 km},



(11) Inside the project site, there are no designated areas such as natural
parks and forest rveserves. A reservolr with an avea of about 1.10 km?
is plannsd to éppear on the Pirris River after the completion of the
dam, but it is not necessary to remove anything except several houses
since the area required to be submerged 1s now used as cultivated land
and pasture ground. The percentage of the submerged land on the entire
cultivated land and pasture ground 1n this region 1s so small that there
will be almost no influence on reglonal industries. The section of the
Pirrls Rlver from the dam to the power station continuously has
waterfalls, runs through a deep gorge and 1s not used at all.
Therefore, the Project can coexlist with industries in this region
without any serious problems. It is expected to greatly contribute to
the development of Costa Rlca as well as this region through the

construction and operation of the Project.

In Costa Rica, river .contamination caused by organic substances
discharged from coffee-processing factories, which are this country's
ma jor industyy, is‘regarded.as a national environmental 1issue, and the
 Pirris River is also not an exceptional case. According to the results
of water quality examination as well as preliminary investigation of the
reservoir's influence on water quality, deterloration in water quality
. in the reservoir can not be prevented unless the discharge of organic
substances is regulated. Therefore, it 1s necessary te study
countermeasures to avold discarding waste matters directly into the
‘reservoir In addition to the regulation.

Since water downstream from the reservoir ls not used and the reservoir
ig about a few km away from the nearest village, deterioration in water
quality does not seem to become a social problem directly. However, it
is'necessary to monitor water quality, etc., in the reservoir and to
grasp environmental changes since deterioration in the function of power
generation faclilities by noxious gas, the outbreak of detrimental plants

in the reservoir, etc., are considered possible,

Regearch on the effective utilization of organic substances discharged
from coffee-processing factories is conducted in technological
cooperation with the Goverament of Japan. The technology of producing
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.biodegradable plastic of high added value from waste matter is coming

near the stage of practical use. The effect of legal regﬁlations on the
diséafd of wdste matter can not be anticipated even from now on, but it
may result in improving the effect of environmental measures by adding
value to waste mattaer bnd providing Lts profit to the industry. While

81l coffee-producing countries in Central America, South America and

Africa have similar water contamination preblems, this new technology is

expectad:to contribute to environmental improvement in the world.

The total initial iavestment required for development of the Pirris
Project, as of January 1991, was US$218,915,500. The breakdown is as

given below:

Dam, waterway, powerhouse, and appurtenant facilities

Local currency Uss 81,670,500
Foreign currency ' Us$123,006,700
Total Us$204,627,200

Trénsmission line Ffacilities

Local currency Uss 4,209,800
Foreign currency Uss 10,028,500
Total Us$ 14,238,800

Grand Total

lLiocal currency 1158 85,880,300
Foreign currency U8$133,035,200
Total 155218,915,500

The construction costs per kW and kWh of Pirris Power Station will be as

follows:
UsSS kW Us$ /kWh
Generating end 1,599.0 0.336
Transmittaed end 1,716.3 0.359

{substation inlet)
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(14}

The wiit energy cost of Plrris Power Station 1s estimated to be US$
6.0255/kWh at  the entrance of Escazu Substation. The construction
period for the Project was estimated to be approximately 5 yearvs.

A comblnation of gas turbina and diesel (slow-speed engine) power plants
was assumed at the alternative power generating facility and a
comparison was made with the Project. As a result, the net present
value (B -~ () and benefit-cost ratio (B/C) of the Project are
US$64,216,000 and 1.47, respectively,

For evaluation of the Project, the financial soundness was f[irst
analyzed by comparison of the financial internal rate of return (FIRR)
based on market prices and rate of Ilnterest on borrowings estimated.
The FIRR of-the.Projegt is 12.022. This 18 more advantageous than the
estimated rate of interest of 8,52, Next, . economic prices were
calculated modifying the market prices used in the financial analysis,
and using these prices..the economic internal rate of return (EIRR) of
the Project was obtained. The economics of the Project were analyzed by
comparison of the EIRR with the opportunity cost of capital in the
Republic of Costa Rica, |

The BIRR of the Project is 12.85%. This exceeds the opportunity cost of

~capital in Costa Rica of 12X¥. Consequently, it may be concluded that

the Project is feagible from both financial and economic points of view.



6.

RECOMMENDATIONS

The Pirris Hydroelectric Power Deveiopment Project 1is technically and

economically feasible, and it is recommended that the Project be implemented.

It is necessary to implement the following matters in order to realize the

Project.

(1)

{2)

(3)

(4)

(5}

To make preparations required for construction such as detailed design

and composition of bid documents.

The additional investipgations mentioned in Chapter 16 “"Further
Investigations" should be carried out, to be reflected in the detailed

design.

For the commissioning of the Project in the year 2001, it is necessary
to arrange for constiuction funds, to invite tenders; to select the
contractor; and to start the main work at the beginning of 1996. Before
starting the maln work, 4t will be necessary to have completed
construction of roads to the dam and powerhouse sites and repairs of

existing roads,

Vepetation, aquatlé and land animals, historical relies, cultural
properties, and others to pose problems do nbt exist in the area to be
affected by 1mp1ementanion' of the Project, It will be neéessary,
however, to study the change in water quality resulting from
construction of the vreservoir, with the conditions at exlsting
reservolrs in Costa Rica as reference material though it cannot be
consideved a serious problem judging by the present natural conditions.
It is also necessary to examine measures to prevent organic wastes from
coffes processing plants from being directly discharged into the

reservolr to he constructed,

Relocation of roads to be affected by implementation of the Project,
compensation for land, houses, etc. to be submerged, must be done for

the smooth implementation of the Project.
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