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Introduction for Presenters
This case study of the vulnerability of the energy sector in Costa Rica to natural hazards
covers the essential points of an initial analysis of alternative strategies for mitigating the
impact of natural hazards on the sector. It describes the possible negative impacts of
events such as earthquakes, landslides, floods, drought, and volcanic eruptions, and
presents for discussion possible mitigation measures for the sector to protect itself and
deliver reliable service to its customers.

Although further studies at the feasibility level and implementation of mitigation
measures for the sector are still on-going in the country, this case nevertheless presents
a number of aspects that make itof substantial interest for examination and for teaching
purposes. This introduction outlines the background to the study, then suggests a range
of topics suitable for discussion in a seminar and finally offers some initial conclusions.

Background
With the beginning of the International Decade of Natural Disaster Reduction (lDNDR)
as proclaimed by United Nations General Assembly Resolution 44/236, efforts at disaster
prevention should receive more prominence, as such activities currently form the minor
part of natural hazard management in developing countries. This document is a
contribution to the IDNDR.

The theory and practice of incorporating natural hazard mitigation into integrated
development planning, such as is proposed by the Organization of American States, have
received less attention than necessary, and disaster prevention as supported by United
Nations Disaster Relief Office has had to focus on 'post-disaster emergency situations
given recurring destructive events worldwide. This case presents an opportunity for the
teaching staff and seminar participants to discuss disaster prevention in a non-crisis
context. Senior policy makers might be asked to consider what courses of action they
would recommend to mitigate the impact of natural hazards under existing conditions.
This type of discussion is relevant in numerous countries.

The case of Costa Rica is sufficiently complex to illustrate that there are several courses
of action given the makeup of the sector and scope of consumers, and also that it is the
interplay between the composition of a service sector and the demands placed on it that
complicate the choice of action. This allows the participants to discover and discuss
several viable courses of action depending on the governing policy orientation.

The case of Costa Rica is also rich in data because of the continuing attention to
management of the sector. The case has many interesting characteristics, such as the
fact that Costa Rica has one of the most extensive electrical energy networks of any
developing country, and a full 50% of electrical energy consumption is by residential and
commercial groups, thereby tieing the sector's natural hazard vulnerability directly to
overall social well-being. As other countries strive to achieve high levels of residential
and commercial consumption of electrical energy, their increased dependence on the
sector and the sector's vulnerability to natural hazards are subjects that should shape
policy decisions affecting the development of the sector.

Lastly, mitigating the impacts of natural hazards on the sector is a need to-be met with
finite resources' in a way that demonstrates investment efficiency within the sector. The
proposed mitigation actions identified in the case are at the profile level and the seminar
discussion should center on which mitigation action should be taken to the feasibility
level, a task which implies dedication of additional scarce resources, and perhaps the
eventual collaboration of an international development funding source.
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This case does not explore the evaluation of mitigation measures for the energy sector as
a competitive exercise with other sectors, for there exists little theory and less practice in
simultaneously evaluating natural hazard impact reduction measures in all sectors at
the same time in order to choose the most efficient among them. But intrasector
consideration of possible disasters caused by natural events must become more common,
as both international and national development assistance agencies focus on the self-
sufficiency and security of investment in sectors dominated by public and quasi-public
control.

The question therefore arises in the Costa Rican case as to what natural hazard
mitigation strategy to select, since different strategies achieve different, sometimes
competing purposes. To what extent should the chosen strategy be as broad as possible to
address simultaneously the major concerns of the sector itself (investment, income) as
well as those related to energy consumers (employment, export earnings)? Do effective
strategies need to be so specific as to leave out vulnerability reduction of one geographical
area or one consumer group? And what criteria, other than economic efficiency, may
have to be introduced to evaluate proposed strategies if political and technical issues are
to be resolved?

The strategies to reduce the vulnerability to natural hazards used thus far in most
developing countries are most evident in the structural design and construction of new
investment projects in the energysector, Yet much of the existing vulnerability has been
inherited from projects undertaken when less attention was given to such aspects during
the project preparation cycle. Participants must consider the dynamic aspect of natural
disaster vulnerability as the physical environment of the sector is modified. They must
also consider the trade-offs between addressing high-probability minor losses and low-
probability catastrophic damage.

This case will be enriched by additional data as the country finds support for
implementing chosen mitigation strategies, and by the preparation of comparative cases
after similar analyses are done for other sectors and documented in other countries.

Topics for Discussion

It is suggested that the presenter should lead off and facilitate discussions about the case
study on Costa Rica by raising the' following questions:

Relative to the objectives of the mitigation analysis, has the problem been
adequately analyzed?

• Where are the weaknesses in the analysis?
• What should be done to correct them?

Are the events appropriately selected?
• What other events, if any, should be analyzed?

Are the proposed mitigation actions properly selected and analyzed?
• What other mitigations, if any, might be considered?
• Which of the three described mitigation projects should be

recommended for further elaboration?
• What role do investment, income, employment and export

earnings play in making the recommendation?

V£



Developing countries such as Costa Rica wish to expand their energy infrastructure to
include a greater 'portion of their population in petroleum derivative and electrical energy
consumer groups. As they achieve this goal, the impact of natural disasters on economic
and social well-being through damage to the energy sector will become more apparent
and more complex to determine. Thus, detailed information as to the source and use of
energy as related to location, investment cost, income generation, employment support,
and export earnings becomes increasingly important. ,if"

".,'
t·

What national mitigation strategy might be suggested for Costa Rica?

What institutional mechanisms might be suggested to implement this
strategy?

Should this analysis be repeated on a regular basis in Costa Rica? By
whom?

What differences would you expect in the analyses and conclusions in
countries other than Costa Rica?

Possible Conclusions
.One of the first conclusions that may be drawn from the case study of energy sector
vulnerability to natural hazards in Costa Rica is the necessity of examining the objectives
of a mitigation strategy. The results of implementing a strategy may be very higbly
focused in terms of location, energy source affected, and consumer group benefited.
Selecting the appropriate strategy from among alternatives depends on the desired
outcome. ~,

Of equal importance, competing claims for protecting the investment of the sector or its
income, or protecting employment or export earnings may be made when considering
which strategy to implement. While the effect of different strategies may be obvious, it
may be difficult to calculate their costs and benefits in detail. This is due to the often
rudimentary nature of the probability information available concerning the occurrence of
natural hazards and the complexity of calculating indirect losses. "

..l$'

Countries may choose to focus attention on more appropriate design of new investment
projects; on reducing the vulnerability of the existing energy system by duplicating
infrastructure elements (redundancy); by retrofitting existing elements, and by providing
alternative infrastructure; or on modifying the natural event so that it presents less
danger. In general, these three mitigation approaches are in order of ascending cost and
decreasing efficiency. Quite often much needed vulnerability reduction can be achieved
through routine maintenance and repair programs, or through providing redundancy in
the network.

Whatever the approach, disaster reduction measures stand the best chance for approval
if they are integrated into sector development programs. This challenge must be met in
the face of unmet capital investment needs, demands for more extensive and efficient cost
recovery, and shifting sources of financial support.

Finally, the Costa Rica case demonstrates that when the energy sector is to serve a
dominant urban area with a large population concentration, and a significant portion of
energy consumption is in the residential and commercial groups, vulnerability reduction
strategies must be viewed increasingly in terms of the natural hazard source and the
mitigation actions taken by other possible energy generation and distribution sources,
particularly those in the private sector.

vu
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Section 1
Overview of Hazard Vulnerability Identification

and Reduction Strategy Method

1.1 Background
The catastrophic damages caused by the 1987 earthquake in Ecuador has helped the
energy sector focus more attention on the impact of natural hazards on energy supply.
Two factors that influenced the destructiveness of the event are the economic dependence
of the country on petroleum export (60% of export earnings), and unprecedented
destruction of the energy distribution network. It has been estimated that the direct costs
of the earthquake for the energy sector was more than US$120 million, and that the total
costs surpassed US$890 million due principally to the loss of export earnings. The
physical damage appears to have surpassed that of any other natural disaster in the
history of energy sector development.

There exist other relationships between the energy sector and natural disasters that are
less obvious than those in the Ecuador case. At the local level, energy supply to every
citizen can be interrupted by an earthquake, volcanic eruption, tsunami, landslide,
storm, t1ood, drought, fire or hurricane (typhoon or cyclone) in the affected area.

The energy sector forms part of a nation's, or city's lifeline network (critical facilities).
These are the facilities in the energy, transportation, communications, health, and
public safety sectors that should function properly before, during, and immediately after
an emergency. These facilities also form part of the basic and service infrastructure for
development. The best way to reduce the vulnerability of the critical facilities to natural
disasters is to include mitigation measures in the design and implementation of
infrastructure projects.

This case study examines the relationship between the energy sector and natural
hazards. It focuses on the aspects of energy consumption by type and location, and of the
sector's infrastructure including extraction, generation, transport, storage and
distribution. It presents a method of analysis to define the essential components of the
sector, their vulnerability to hazardous events, and examine different mitigation
strategies. The selected mitigation strategy or strategies can be incorporated into the
sector's development plan, and into natural disaster emergency preparedness and
response plans. -

In the case of Costa Rica, the energy sector is comprised primarily of autonomous state-
owned companies whoreport to the same ministry as the Sectoral Energy Directorate
(DSE). DSE provides the government with overall sector policy and program guidance to
be implemented by the companies. As study of the vulnerability of the energy sector
evolved, a National Commission for the Reduction of Vulnerability to Natural Hazards
under DSE auspices was put in place with participation of the companies and other
ministries.

1.2Objectives
The objective of this case study is to analyze the vulnerability of the energy sector at a --
national level, in this case Costa Rica, and to select among alternative disaster mitigation
strategies those most suitable for implementation.

Formulating the basic elements of such a strategy will necessitate an understanding of
the relationship of the sector to natural hazards in not only its locational, functional and

1



structural characteristics, but more importantly, in terms of what goals the mitigation
strategy is to achieve. Choices must be made among alternative strategies whicb address
comparable, parallel or even competing goals. These goals 'reflect possible priorities
within the sector as well as those placed on it from the outside. They also reflect
differences between technical, economic, social and financial concerns which help shape
the priorities.

r
i
"

1.3Analysis of Energy Sector Vulnerability
The type of analysis presented here is usually the first analysis of the vulnerability of the
sector. It uses available information, without elaborating further data as to the location,
severity, frequency and probability of the natural events that present hazards. These are
the basic characteristics of natural hazards that are of interest to the analysis. Often only
locational data and information concerning historic events (with some estimate of
severity) are available. For geologic hazards <earthquakes, tsunami, volcanic eruptions,
landslides, subsidence and liquefaction}, locational information is becoming increasingly
accessible for certain regions of the world. Data for analysis of atmospheric and
hydrologic hazards (hurricanes, wind storms, floods, drought) and related events such
as desertification and insect infestations are also becoming more common, depending on
the geographical area of interest. l3ut still, there is less information for use by non-
hazard specialists than one \...·ouJd hope.

The analysis is comprised of the following:

1. The definition of the principal components (or sources) of the energy sector
infrastructure and the elements (or pieces) which make up each component.

2. The vulnerability of those components to natural events.
3. The identification of mitigation strategies to reduce the impact of the disaster

on a component (or one of its elements).
4. The review of mitigation strategies in accordance with predetermined criteria

as to strategy goals.
5. The analysis of the costs and benefits of the mitigation strategies compared

with the costs if the strategies are not implemented.

The sources of energy to be considered in such an analysis are petroleum and its
derivatives, electrical energy with its hydro and thermal generation. firewood and
charcoal, and biomass derivatives. Depending on the particular country or portion
thereof, other energy sources such as solar, wind, and geothermal may also be
considered, although their contribution to sector supply and infrastructure investment
may be minimal.

For the analysis, the subdivisions of energy infrastructure are also considered. These
include extraction and generation, transformation, transmission and transport, storage,
and distribution. Obviously some of these elements represent a dependency on other
sectors, as in the case of energy transport and the transportation modes of road, rail,
river barge and ocean tanker.

The analysis of the vulnerability of the components of energy infrastructure begins with a
comparison of their respective geographic location in different natural bazard zones
according to the type of natural hazard present. This phase of the analysis is based on
the utilization of available information concerning natural hazards. The sources of this
information are from diverse origins such as the energy sector itself, other operational
sectors, scientific research and natural phenomena monitoring centers. and i::~'(:~-'TJ18d
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development planning studies. The last source mentioned is becoming increasingly
important as development studies consider in more detail and earlier in the planning
process the use of natural hazard management information.

When information concerning all types of natural hazards that affect the area in question
(multiple hazards map) is available, it should be compared with the entire energy sector
network with all its components and elements. In this way the possibility of missing
some vulnerable component is overcome, including those components that may not make
up part of the lifeline network or group of critical facilities.

It is also possible to begin the analysis by first describing the sector and its components,
and identifying those elements most crucial to its operation. Then a review is made to see
to what degree those elements are vulnerable to natural hazards.

Whichever approach is used, the analysis should concern itself with the location,
severity, and frequency of the natural hazards, and a quantitative and qualitative
description of the expected impact, and the probability of occurrence of the event. This
phase can also contribute to the setting of an agenda for priority future studies of natural
hazards, whatever the type of hazard, geographical location of the study, or level of
hazard assessment required.

Once the components susceptible to natural hazards are identified, a vulnerability
reduction strategy can be defined. For the existing components, it may be that structural
measures such as reinforcing of physical installations are the most appropriate. If the
study includes infrastructure to be constructed, non-structural measures such as,
locating components in less vulnerable areas, can playa major role in the mitigation
strategy. The repetition (redundancy) of critical components of the network can also play
a role in the mitigation strategy.

The selection of a mitigation strategy should respond to certain criteria which reflect the
goals of the sector. It is probable that the sector will not have sufficient financial
resources to attend to all of the vulnerability reduction actions needed at one time. If this
is the case, the selected mitigation strategy should be oriented towards s~cific goals, and
their selection should reflect the priorities accepted from among those presented by
interested groups.

For the energy sector, the definition of those criteria should include two aspects related
directly to the protection of the sector itself. They are maximum protection of the capital
investment of the sector, and the maximum protection of those components of the energy
network which generate the greatest amount of income for the sector, regardless of the
users serviced. Two other aspects that frequently require consideration to determine
which mitigation strategy should be followed are protection of those portions of the energy
network which will limit the loss of jobs in other sectors, and the protection of the energy
network to assure the generation of foreign currency earnings, whether through the sale
of goods and services overseas (exports), or in the country (tourism, for example).

Decisions about vulnerability reduction to natural hazards may reflect similar decisions
to be made about the rationing of energy during other types of emergencies.

The protection of the energy network to maintain the maximum national employment and
foreign currency earnings may imply similar actions. In other situations, actions that
assure the availability of energy to one or another energy user group may be inconsistent
with the need to protect foreign currency earnings. This is reflected in more complex

-



economies. In smaller economies or those less complex, the sector which generates the
greatest foreign currency earnings often also offers the greatest number of jobs.

Once the mitigation strategy is selected based on the vulnerability reduction goals of the
sector, the costs of anticipated losses without implementing the strategy can be compared
with the costs and benefits of implementing it. The methods of analysis of benefits and
costs vary as to their requirements for information and to their sensitivity to the
particular hazard in question, particularly to the speed of on-set, and to the probability of
occurrence of the event. The strategy can appear as part of a broader plan of new
investment in the sector, as part of a cyclical repair and maintenance plan, or as part of a
specific natural hazard vulnerability reduction program.

4



Section 2
Methodology

Figure 1 is a flow diagram which depicts the principal components of the methodology
used in this analysis.

The analysis begins with a review of the Costa Rican energy infrastructure and its use as
seen through the evaluation of energy flows. The year 1988 has been used as the model
year for all energy and economic information from which the impact analysis is based.

The energy infrastructure has its own critical components, that is, components which
are essential to the supply of energy to certain areas in the country. These are identified.
Natural hazards are then introduced. Each component of the entire energy
infrastructure is evaluated with respect to its own vulnerability to natural hazards.

With this combined information, it is easy to identify the components of national energy
systems that are both at risk to specific natural hazards and that, if lost, would cause
serious impacts on the country. In the diagram, this step is identified in the box called
Critical Natural Events.

In this study, three of these events were selected for more detailed analyses. Events 1
through 3 consist of the occurrence of one or more specific natural events and the
consequent damage to one or more energy infrastructure components.

Steps to reduce vulnerability are designed to mitigate the impacts of certain events to
achieve certain goals. These goals include the protection of investment, income,
employment and foreign exchange earnings. As a result, the following measurements of
impacts were made for each of these events:

• Costs of repair of the destroyed infrastructure
• Costs for the provision of replacement energy
• Costs of lost production
• Costs of lost exports
• Hours of lost labor

5

The first two of these measures are costs to the energy companies which in the case of
Costa Rica are national government entities, and as such, represent government
financial losses.

The last three of these measures require additional analyses. The national economic and
labor accounts of 1988 were disaggregated to the canton level for production, exports and
labor for the agriculture and industrial sectors 1. For production, these sectors represent
about 40 percent of the total gross domestic product.

This level of aggregation provided a mechanism for evaluation of a portion of the impacts
of shortfalls of energy caused by geographically-specific damage to the energy

1 These two sectors were selected because of data availability and the fact that they represent a
large portion of national production. Also, these two sectors cover the majority of exports. In future
analyses, it will be important W extend the analysis to include other components of national
accounts, especially the commercial and transportation sectors.
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infrastructure. Fuel dependence coefficients (electricity and petroleum) were assigned
for each of the 89 classifications of agricultural and industrial activities. Total losses
(production, exports, or labor) were calculated by multiplying canton output in that
activity by the appropriate coefficient, summing across the cantons affected, and then
summing across all the 89 activities.

To complete the analysis, for the three events selected, an effort was made to identify
investment projects that would be effective in mitigating or eliminating the negative
impacts of the specific selected events. The costs of these projects are then compared
against the costs of the impacts of the events without these projects;

7
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Section 3
The Energy Sector Infrastructure and Its Operation

This section provides a brief overview of the Costa Rica energy infrastructure and its use
in 1988. The reader is encouraged to review this information from the perspective of
energy system weakness, that is, to seek:

1. Energy system components with high energy flows that do not have adequate
alternatives in case of their failure; and,

2. Components that are "bunched" geographically that might imply a
compounded incident involving several fuel sources arising from just one
natural event.

The energy infrastructure is subdivided into electricity network, petroleum network,
railroad and road components. Normally roads and railroads are not considered a part of
energy infrastructure. In Costa Rica, both are used for the transport of liquid fuels and
are therefore included in this analysis at a level consistent with their importance to the
question at hand. It should also be noted that other fuels such as LPG, fuelwood, and
charcoal, are not included in this analysis because of their minimal use in Costa Rica.

Energy infrastructure is organized to satisfy the energy needs of the population and its
activities. One of the first requirements in the analysis is to select a level of aggregation
of the population, its activities as well as the geographical coverage of the country to
permit a meaningful yet efficient analysis. \Vhat is needed is a balance between the likely
geographical specificity of a natural event and the level of statistical information that the
energy and economic institutions maintain in a country. In Costa Rica, the level of
aggregation selected is the canton. Costa Rica has 81 cantons distributed among seven
provinces.

Map 1 describes the distribution of population density across these 81 cantons. The
presentation vividly depicts the centralization of the population of Costa Rica in and
around its capital, San Jose in the Central Valley. '"

3.1 Costa Rica 1988 Energy Demand
Table 1 summarizes the distribution of energy sales by fuel type across the seven
provinces and 81 cantons for the year 1988. The cantons that comprise the highly
populated area in the Central Valley account for approximately 62 percent of all the
country's purchases of electricity, 70 percent of the gasoline, 54 percent of the diesel, and
84 percent of the fuel oil. This breakdown is consistent with the location ofindustrial,
commercial, and residential uses of the Central Valley compared with the agricultural
focus of rural areas, which depend heavily on diesel fuel.

3.2 The Petroleum Industry .
The principal petroleum activities and transactions in Costa Rica are controlled by the
state-owned petroleum company, RECOPE. Costa Rica imports all of its petroleum
supplies through the port at Moin located adjacent to the city of Lim6n on the Atlantic
Coast. Crude oil passes to the RECOPE refinery in Moin producing a portion of the light
products (gasoline, diesel, etc) as well as all of the fuel oil used by the country. The light
products, either imported directly or proceeding from the refinery, are either distributed
locally or transferred to the RECOPE pipeline for transport to petroleum terminals
located across the country. Fuel oil is transferred to tank trucks or to railroad tanker
cars for delivery to other parts of the country.
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Table 1. Electricity and petroleum derivatives sales by canton, 1988

Gasoline Diesel Kerosene Fueloil
Province Canton MWH BBL BBL BBL BBL

San Jose SI CANTON CENTRAL 596,826 463,109 630,713 21,782 677,649
S2 ESCAZU 60,137 28,990 12,614 0 2,668
S3 DESAMPARADOS 105,526 22,208 31,554 12 8,445
S4 PURlS CAL 12,201 6,786 16,620 0 0
S5 TARRAZU 4,257 0 0 0 0
S6 ASERRI 19,396 9,462 11,429 0 1,400
S7 MORA 8,257 6,298 10,167 262 0
S8 GOICOECHEA 126,958 83,491 131,060 16,629 18,859
S9 SANTA ANA 23,863 11,486 12,929 429 568
S10 ALAJUELITA 25,109 0 0 0 0
Sl1 VAZQUES DE CORONADO 29,603 10,548 13,502 0 913
S12 ACOSTA 3,618 821 2,512 0 0
S13 TIBAS 91,604 53',091 91,272 0 36,770
S14 MORAVIA 41,992 21,168 12,786 0 746
S15 MONTES DE OCA 84,173 54,855 18,732 0 19,568
S16 TURRUBARES 973 0 0 0 0
S17 DOTA 2,076 8,143 18,562 107 0
S18 CURRIDABAT 73,933 27,293 28,435 3,155 3,044
S19 PEREZ ZELEDON 37,230 26,789 70,963 3,857 578
S20 LEON CORTES 2.8Qfr J.5l2 MBa .Q .Q

SUBTOTAL 1,350,541 838,050 1,117,433 46,233 771,208

Alajuela Al CANTON CENTRAL 180,170 98,504 139,413 2,087 116,782
A2 SAN RAMON 30,742 17,193 31,521 262 273
A3 GRECIA 35,050 18,812 42,621 0 1,283
A4 SAN MATEO 1,777 4,164 5,614 0 0
A5 ATENAS 11,857 6,286 10,191 167 0
A6 NARANJO 20,531 10,996 25,795 310 328
A7 PALMARES 14,478 9,612 18,342 . 381 0
A8 POAS 8,747 4,191 12,453 0 0
A9 OROTINA 7,244 2,941 4,893 214 0
AlO SAN CARLOS 62,289 31,218 86,504 993 163
All ALFARO RUIZ 2,825 3,453 9,822 71 489
A12 VALVERDE VEGA 7,942 3,250 6,608 0 7Z3
A13 UPALA 4,060 2,841 6,884 938 0
Al4 LOS CHILES 2,231 0 0 0 0
A15 GUATUSO .U1a ~ 1.1la .l.23a .Q

SUBTOTAL 391,281 215,818 408,376 6,661 120,041

Cartago Cl ,CANTON CENTRAL 159,546 56,472 116,158 14,031 236,963
C2' PARAISO 29,831 8,185 21,096 0 5,759
C3 LA UNION 54,311 12,929 19,810 393 3,410
C4 JIMENEZ 5,253 0 2,679 0 70
C5 TURRIALBA 40,368 15,109 41,844 660 0
C6 'ALVARADO 4,418 1,619 3,857 0 ss
C7 OREAMUNO 18,912 4,357 11,034 24 0
C8 EL GUARCO ~ aasi 7,441 .Q asza

SUBTOTAL 332,123 101,052 223,919 15,108 250,168



Table 1. (eont.)

Gasoline Diesel Kerosene Fueloil
Province Canton MWH BBL BBL BBL BBL

Heredia HI CANTON CENTRAL 93,034 68,881 63,907 1,219 2,667
H2 BARBA 16,831 0 0 0 488
H3 SANTO DOMINGO 33,808 7,046 9,369 0 1,750
H4 SANTA BARBARA 13,829 0 14,143 1,167 0
H5 SAN RAFAEL 18,214 0 0 0 0
H6 SAN ISIDRO 6,310 5,470 17,839 0 0
H7 BELEN 138,956 15,284 26,838 0 46,540
H8 FLORES 14,283 0 0 0 23
H9 SAN PABLO 12,578 10,882 6,060 0 0
H10 SARAPIQUI 9.31a .6.41B. ~ 188 .Q

SUBTOTAL, 357,216 114,011 154,005 2,874 51,468

Guancasta G 1 LIBERIA 32,103 23,326 66,887 1,088 396
G2 NICOYA 16,010 11,221 21,369 645 0
G3 SAl-ITA CRUZ 14,911 8,310 15,102 470 0
G4 BAGACES 5,887 3,088 7,360 114 0
G5 CARRILLO 15,205 8,927 28,710 0 409
G6 CANAS 14,968 10,968 41,111 688 235
G7 ABANGARES 42,859 7,850 16,358 0 132,705
G8 TILARAN, 13,051 5,312 11,560 131 0
G9 NANDAYURE 3,553 3,131 4,179 167 0
G10 LA CRUZ 4,256 3,747 9,541 0 0
G11 HOJANCHA UQa .Q .Q .Q .Q

SUBTOTAL 164,706 85,880 222,177 3,303 133,745

Puntarenas PI CANTON CENTRAL 112,945 24,555 125,044 1,393 40,827
P2 ESPARZA 21,437 16,375 44,392 0 9,984
P3 BUENOS AIRES 7,465 8,915 30,264 483 0
P4 MONTES DE ORO . 4,425 0 0 12 0
P5 OSA 6,659 4,688 15,37Q 619 0
P6 AGUIRRE 11,726 6,295 11,567 0 0
P7 GOLFITO 13,465 7,109 32,259 7(12 0
P8 COTO BRUS 12,715 7,326 21,094 286 0
P9 PARRITA 5,598 3,310 12,617 655 0
P10 CORREDORES 17,760 9,372 28,149 536 0
P11 GARABITO 5.m asas aea .Q .Q

SUBTOTAL 219,422 91,183 323,848 4,686 50,811

Limon L1 CENTRAL 84,151 35,299 83,886 1,729 8,513
L2 POCOCI 29,132 19,4(12 86,565 1,118 5,416
L3 SIQUIRRES 17,623 7,474 18,404 417 0
L4 TALAMANCA 5,188 0 233 24 0
L5 MATINA 8,510 0 0 0 0
L6 GUACIMO .8.62a .a2.li ~ 2Ja .Q

SUBTOTAL 1~227 1..l.3Ba 222,flfl7 3.Q21 .lam
TOTAL 2,968,516 1,517,383 2,672,315 82,392 1,391,370

Source: DSE
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3.2.1 The RECOPE Product Pipeline
As shown in Figure 2, the RECOPE pipeline consists initially of two parallel lines
starting at Moin and ending at the principal petroleum terminal at EI Alto located near
the continental divide to the east of San Jose. From here a single pipeline continues to the
west, feeding the La Garita terminal near the international airport and Barranca, the
final terminal located near the Pacific coastal town of Puntarenas. The pipeline system
incorporates two pumping stations, one at Moin and the other in the town of Turrialba,
approximately half-way up the eastern slope of the mountains. All the pipelines are of 6"
diameter except for 20 km of 4" line in the last stretch between EI Alto and La Garita.
Both pumping stations use one electric and four diesel motors, each with an equivalent
capacity of 165 horsepower. Turrialba stores no less than 15 days of diesel supply for this
purpose.

In full operation, the pipeline system between Moin and EI Alto transfers approximately
550 barrels per hour depending on the product and the number of pumps and pipelines
being used. RECOPE reports a system load factor of 78 percent. The only current
limitations to pipeline operation are refinery production scheduling and the pipeline
scheduled maintenance. The pipeline system has not experienced any forced outages
since December 24, 1987.

Figure 3 displays the RECOPE statistics" for the transfers of diesel, gasoline, jet fuel and
kerosene through the pipeline system for the year 1988.

3.2.2 The Railroad and the Transport of Fuel Oil
The only major energy transportation use for the railroad system is the transfer of fuel oil
between Moin and El Alto. In 1988, of the total 970,820 barrels of fuel oil consumption in
the country, 577,449 barrels (1. e., 59.5 percent) were transferred in this manner. The
remainder is carried by truck directly from Moin. Also trucks are used to deliver fuel oil
from the terminal at EI Alto to other distribution and consumption points in the country.

The eastern part of the railway system is used principally for the delivery of bananas to
the eastern ports; the segment between the town of Guacimo and Lim6n is electrified and
also used for passenger traffic. The portion of the railroad roadbed in its steep ascent
from the eastern plains to the continental divide is in poor condition and at risk of being
decommissioned due to a severe landslide condition just to the west of Turrialba. This
eastern segment, once renowned as a tourist attraction, no longer is used for passenger
traffic because of the dangers associated with landslides and roadbed instabilities.

The western portions of the railroad are electrified and in excellent condition. These
segments are not presently used for any significant energy product transfer.

The southern segments of the national railroad near the Panama border, once used for
banana transportation, are now being decommissioned.

According to data provided by RECOPE, Costa Rica has III railroad tanker cars with a
total capacity of 674,811 gallons.

3.2j National Highways
The major highways of Costa Rica have been included along with railroads in Figure 4.
The reader is referred to Section 4:3 where the condition of roads applicable to energy
transfer is discussed. .



Figure 2. 011 pipeline: RECOPE
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Figure 4. Principal highways and railroads of Costa Rica
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3.3 The Electrical Energy System
As shown in Figure 5, the Costa Rica electrical infrastructure consists principally of five
hydroelectric plants, various diesel and steam-powered plants used for peaking power
and emergency backup, and a network of transmission and distribution systems. The
interconnected system covers nearly all of the country and also provides ties to the
electrical systems of Nicaragua and Panama. ICE, the national electric company,
manages the large power plants and the interconnected transmission system. Other
small companies and cooperatives, some with their own small hydroelectric generators,
service regional areas. Most of these systems are also connected to the national electric
grid.

Figures 6 and 7 describe the balance between electric energy supply and demand in the
ICE system in 1988. Although supply is fairly evenly distributed between the five major
hydroelectric plants, the principal demand is centered in the Central Valley, which is
served by its ring of 138 KV transmission lines and local substations.

3.3.1 Electric Power Plants
Table 2 presents a summary of the principal characteristics of the five major
hydroelectric power plants in Costa Rica.

The last two plants in the list, Arena} and Corobici are supplied by waters from Lake
Arenal. This lake, forming the upper part of the drainage of the Arenal River emptying
towards the Atlantic, is dammed at the natural outlet at its southeastern corner. The
increased level of the lake permits water transfer through tunnels constructed at the
lake's northwest shore and directed to a series of power plants on the Pacific slope, first
Arenal, then Corobici and finally, a smaller plant named Sandillal, now under
construction. The initial two plants, now in operation, have a total capacity of 331 MW,
representing 48.8 percent of the country's total installed hydroelectric capacity. Their
operation depends jointly on the integrity of the dam, the intakes and tunnels above the
Arenal plant as well as the adequacy of rainfall and runoff into the Arenal reservoir.
Before Hurricane Joan in 1988 in which the Arenal Lake was completely filled, there had
been a requirement for water rationing because of low lake levels. ,

La Garita and Rio Macho. although they have small reservoirs, operate as run-of-river
plants, tapping directly the daily river runoffs. The Rio Macho plant has an extensive
system of multiple intakes and tunnels which allow the capture of waters from various
watersheds that feed into the main river. This river is noted for its clean waters due in
large part to the protection of its upper watershed as a national reserve.

The Cachi plant, built on the Rio Reventaz6n, has a large reservoir. Due to slope
instability and development in the river basin, this reservoir is experiencing serious
sedimentation problems. ICE drains the reservoir once a year in an effort to control the
sediment accumulation, using careful timing to guarantee full storage before the
beginning of the dry season.

For peak load operation and emergency backup, ICE operates four petroleum powered
power plants with a total capacity of about 141 MW. Many of these units are old and have
limited reliability. Table 3 provides a summary of these plants.



Figure 5. Electrical interconnected system

Legend ..

••.. .. .
~ .: '. . ... ' ..

..•. Corobio!
• CQfto.s / .

Liberi~ '~'''\ t ~~fncl ....... .. .... . . ..
Cllribbfcm

Sea

~:~jj i:~~~.~~~~~l~]~:i!::~~~~~~;~~~:~~;i;~;::::
..•.. ,.. ... :.:::.;.: .: .'

.. , .

m <~::j~dt&: Ponamo

I.,.
' ••• ··110 Cl~o" .

~. " "

NiCQragua

Pacific

•••••

Octc1n .

=::: Central Ring (138 [V)
Transmission Line: 138 x:v
Transmission Line: 230 x:v
Substation
Hydroel€'Ctric Plant and SubstC4tion

o•
....

Source: OAS - DSE

18



t
I

Figure 6. National integrated system for the beneration
of electricity, 1988 (103 mwh)
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Figure 7. Electric energy provided to the central area
and national substations, 1988 (103 mwh)
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Name River Canton

Generator
Turbines

Num-KW

Total
Capacity
KW

Table 2. Principal hydroelectric plants inCosta Rica
---------------------------------~---------------------

-------------------------------------------------------
La Garita 127,380

Grande Central 2-15,000
Virill a Central 2-48,690

Rio Macho 120,000
Macho Orosi 2 -15,000
Macho Orosi 3 -30,000

Cachi 100,800
Reventaz6n Jimenez 2 -32,000
Reventaz6n Jimenez 1- 36,800

Arenal 157,398
Arenal Lake T'ilaran 3- 52,466

Corobici 174,012
Arenal Lake Tilaran 3 - 58,004

TOTAL 679,590

-------------------------------------------------------
Source: ICE

Table 3. Principal thermal plants of Costa Rica

Name City Type Fuel

Capacity of
Generators
Num-KW

Total
Capacity

KW

----------------------------------------------------------

---------~------------------------------------------------
Colima San Jose Reci p DieselfFueloil

Recip DieselfFueloil

Fueloil
Diesel

4 - 2,970
2 - 3,830

2 - 5,000 48,100
2 -19,050

19,540

San Antonio San Jose Steam
GasTurb

Barranca Barranca Gas Turb

Moin Limon Recip

TOTAL

Diesel 2 - 20,800 41,600

DieselfFueloil 4 - 8,000 32,000

141,240

---------------------------------------------------------
Source: ICE
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3.3.2 Electric Transmission and Principal Substations
Figure 8 provides another view of the national electric grid, focusing on its overall
capacity. The installed capacity of the five hydroelectric power plants is presented in bar
format with dotted lines. In solid bars are the maximum substation (and Central Area)
peak loads as recorded in 1988. Next to each segment of transmission is the value of the
SIL capacity of that line. SIL provides an indicator of the efficient transmission capacity
of a line. Thermal capacity, which typically is two to two and a half times the SIL value,
is the absolute upper limit that a line can transmit, albeit at very low efficiency. This
planning map is useful for identifying transmission and substation weaknesses. For
example:

The transmission line from Arenal to Barranca is critical for the transfer of electricity
from the ArenalfCorobici complex to San Jose. The backup line between Canas and
Barranca has insufficient capacity to carry all the generation capacity of the complex in
case the primary line is unusable.

A more stringent but similar condition exists for the main line between Barranca and
San Jose <the substation called La Caja where this line meets the central ring). The
southern line between Barranca and La Garita, and the segment from La Garita to La
Caja would not be able to take any significant portion of the ArenalfCorobici generation
load with a loss of the main line.

Two separate 138 KV lines connect Rio Macho and Cachi, respectively, to the central
ring. Their individual capacity is questionable for carrying the loads of both power plants
to San Jose much less for adding any additional purchased power that may be needed
from Panama.

Of all the substations, Barranca and, especially, La Caja are critical to the operation of
the entire system. The Barranca substation is used-for all power transfer from the
northern plants as well as any transfers to or from Nicaragua. La Caja substation is also
required for all of the above as well as all the input of the La Garita power plant to the
central ring.

3.3.3Distribution Systems
In the case of natural disasters such as hurricanes and earthquakes, it is often specific
portions of the electric distribution systems that are affected and are time-consuming to
repair. Damage is likely to be localized (i. e., one city or one or two areas within a city).
For this reason, in the case of Costa Rica, distribution systems were not included in the
national level analysis 1. .

1 For other countries, such as the islands of the Caribbean under high hurricane risk,
distribution systems must be included in national-level analyses.

22
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Figure 8. Maximum demand and capacity of the principal electrical
infrastructure of Costa Rica, 1988 (row)
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Section 4
Natural Hazards and Their Impacts on the Energy Sector

This section summarizes the natural hazards that confront Costa Rica and describes the
analyses used to estimate their potential impacts on the national energy infrastructure.

The location of the areas that are susceptible to various forms of natural hazards in Costa
Rica have been mapped in some detail and inserted into computerized geographical
information system (GIS) maps. These maps were then overlaid with maps of the energy
infrastructure. This perspective provided initial guidance as to the areas and types of
hazards that were likely to interact with the energy infrastructure. Map 2 provides an
example of such an overlay in which areas of landslide hazard were superimposed on the
electric transmission network. The areas of overlap are shown in solid black.

This initial identification was followed with a much more detailed approach with the
generation of vulnerability matrices for each class of energy infrastructure described in
the previous section. These matrices provided an evaluation of the relationship between
components of the specific infrastructure against a list of hazards. The hazards in this
comparison were the following:

- Earthquakes
Rupture
Landslide

- Floods
- Volcanic Eruptions

Solid, liquid or gaseous emissions
Tremors

- Droughts
- Independent Landslides
- Riverbed Scouring
- Hurricanes

Rain
Floods
Landslides

Wind
- Excessive Riverflows
- Erosion

The repetition of hazards in this selection is intentional, permitting the evaluation of
some hazards in their relationship to other events, ie, landslides associated with
earthquakes, hurricanes or just landslides that occur without an associated triggering
event.'.

These matrices are presented in Tables 4, 5, 6 and 7. Consistent with the discussion of
vulnerability in the introductory section of this paper, a subjective but, at the same time,

1 Because of the dependence, aggregations must be made before any numerical analysis
can be applied across the columns of these matrices.
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0: Vulnerability not applicable or very low susceptibility to this hazard.
lA: Potential vulnerability (identified but not confirmed) with major

impact on the component.
IB: Potential vulnerability (identified but not confirmed) with minor

impact on the component.
2A: Confirmed vulnerability with major impact on the component.
2B: Confirmed vulnerability with minor impact on the component.
S: System-wide impact.

useful categorization of vulnerability was used for individual entries in these matrices:

The last system-wide impact category was used to permit the effective inclusion of
drought in the analysis. Drought in Costa Rica has a devastating impact on the energy
system although virtually no impact on the infrastructure itself. The categories of
potential vulnerability are used to describe those cases in which a vulnerability has been
identified but there are no historical data to confirm the condition. Clearly, the words
major and minor require subjective interpretations. For the purposes stated, a major
impact means potential damage to the component requiring major costs and/or time to
repair".

Three approaches were used to formulate the vulnerability matrices. The first was direct
field survey by the project team, the second, interpretation by natural hazards experts,
and third, information gathered through structured interviews with the managers and
technicians responsible for the operation and maintenance of these specific components.
Many times these individuals had a wealth of experience concerning past natural events
and their effects on these components. Precautions were taken to assure a balance
between all three approaches as well as interview results to maintain a uniform
vulnerability perspective in the generation of the matrices.

4.1 Natural Hazard Risks to the RECOPE Product Pipeline
Review of the vulnerability matrix in Table 4 for the RECOPE Pipeline shows relatively
minor overall impact of natural hazards with most l:111hazards fairly well=understood.

A hurricane crossing over Lim6n would likely cause serious damage to the refinery with
less overall damage to the dock infrastructure. The terrain from Lim6n to Siquirres is
flat and susceptible to flooding.

At Siquirres the pipeline begins the uphill climb to the pumping terminal at Turrialba
and on to the terminal at EI Alto. Throughout this area there are varying degrees of
landslide hazards, the most serious occurring at the pipeline crossing of the Reventado
River on the southern slopes of the Irazu volcano and just to the north of the city of
Cartago. In 1957, the volcanic ash-laden soils gave away in a massive landslide (San
BIas) in this riverbed causing numerous deaths and extensive damage downstream.
This slide area is still very unstable with its continuing movement downstream causing
continued scouring. There is evidence of erosion of the higher terrain on which the
towers for the support of the pipeline bridge are located. The mixture of high rainfall,
saturated soils and an earthquake could trigger another landslide taking out the pipeline
and its towers as well as other energy infrastructure that crosses in this same general
area.

1 See section 5 for a further discussion of these issues.
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Source: OENDDRlEnergy Sector Case Study for Costa Rica
with support of staff of DSE and ICE

Table 7. (cont.)
---------------------------------------------------------------
Vulnerability classifications:
0: Low susceptibility or not applicable
lA: Potential hazard (identified but not confirmed) - major impact to the component
IB: Potential hazard (identified but not confirmed) - minor impact to the component
2A: Confirmed hazard - major impact to the component
2B: Confirmed hazard - minor impact to the component
S: Impact to the system

Notes:
(1) Because of legal protection t.here is no significant deforestation.

It is essential to maintain the forest to prevent future damage.
(2) Some flooding problems now mitigated with the construction of a wall.
(3) Known hazard of soil instability above the plant.
(4) Landslides associated with reservoir wave action.
(5) Flooding of the plant in case of reservoir release in excess of 4000 m3/s.
(6) Associated with landslides in the area.
(7) Associated with Rio Reventado.
(8) Insulator breakdown because of the volcanic ash deposition.
(9) Problems associated with small tornadoes in this area.
(10) Operation and equipment failure.
(11) Problems with corrosion of lines, insulators and towers caused by acid gases of

nearby volcanoes. . _,.. .
(12) Damage caused by the wind and the fact that the line crosses a longdistance over

the gulf.
(13) Regular failures of this line caused by lighting.
(14) Potential event but has not happened yet.
(15) Damage associated with tornadoes,
(16) The plant and substation in San Antonio are located near the Rio Varilla with a risk

level of IB.
(17) Killing of vegetation cover associated with volcanic gases.
(18) Associated with a laminar avalanche from Volcano Irazu in one of the reservoir

tributaries.
(19) Avalanches are confirmed, there is doubt whether these avalanches would reach

.the reservoir.
---------------------------------_._------------------~---------
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From the highest point at the terminal at El Alto on to the west, landslides are not a
major concern and are limited to areas of river crossing where the pipeline is exposed. It
is through this area that there is some concern of earthquake damage although no
pipeline damage has been experienced following the shocks that have occurred since
these segments of the pipeline were installed. There is also some concern for the
integrity of storage tanks at the various terminals from EI Alto down to Barranca. Most
tanks are of the floating type which should reduce their vulnerability to earthquakes.

4.2 Natural Hazard Risks to the National Railroad
As the railroad and the RECOPE pipeline from Lim6n to Siquirres and Turrialba follow
similar alinement, the natural hazards are similar for both. However, as little
maintenance and upgrading of the railroad have been executed, the railroad is at
significantly higher risk. On the plains between Lim6n and Siquirres, the pipeline was
moved and suspended from new road bridges; the railroad continues to suffer from flood
related damage to its older bridges. Also because this segment of the railroad is
electrified, hurricane wind damage to overhead wires would likely be extensive and
expensive.

From Siquirres to the con tinental divide just east of San Jose, the railroad is vulnerable to
damage from water runoff and landslides. Flooding can occur where the roadbed runs
adjacent to steam beds. Bridges at river crossing are vulnerable to excessive water flows
as well as the damage from rolling river-bottom boulders. The worst roadbed condition
occurs at Chiz, located between Turrialba and Cartago where roadbed settling is
continuous and requires regular repair simply to keep this rail segment in operation.
Destruction of this segment by landslide could permanently close train operation between
Lim6n and San Jose. Two alternatives have been identified if such an event happens: the
construction of a tunnel or a very large bridge, both of which would require very large
investments.

A major San BIas landslide would also likely destroy the railroad bridge across the
Reventado River a few kilometers below the pipeline crossing.

The railroad lines to the west of San Jose arein good condition with generally minor
repercussions expected from natural hazards. A major earthquake could cause
breakages or bending of the rails; floods and high tides can inundate low lying areas next
to the Pacific coast. A!3 this rail segment is also electrified, there is also risk of wind
damage to overhead wires. Although Atlantic hurricanes have almost never crossed the
isthmus onto the Pacific coast, high local winds associated with storms do occur.

It is important to note that the country has more than adequate capacity of tank trucks for
both heavy and light fuels to substitute for the transfer of fuels by both the pipeline and the
railroad. More on this matter is discussed below in the specific event studies.

4.3 Natural Hazard Risks to the National Road System
There is only one major highway connecting Siquirres to Lim6n across the eastern
plains; it is the only road access the country has to its eastern ports. However, this road
is well constructed with high and long bridges over the rivers that carry the massive
mountain water runoff surges that frequent this region.

At present there are three alternative roads for the mountain ascent between Siquirres
and San Jose, providing reasonable security in case of road blockages caused by natural
disasters, However, it should be noted that the newest of these three that passes through
the Braulio Carrillo :\'atjon~:d Park to north of the Volcano Irazu experiences regular



closures because of landslides. The older two roads also have problems with landslides
but ofless severity.

The other roads in the country with significant vulnerability to hazards include the
mountain road between Cartago and San Isidro which is affected by landslides, and the
southern coastal road between EI Paso Real and Ciudad Neily which is occasionally
flooded.

4.4 Natural Hazard Risks to the National Electrical System
As shown in the vulnerability matrix for the national electrical system (Table 7), the
components of this system have been classified by river basins, reservoirs, hydroelectric
plants, thermal plants, transmission lines, and substations. Some overall comments
about the vulnerability to natura! hazards for this system are made below.

Although the Arenallake and river basin are affected by deforestation, erosion and
landslides, the very large size of this reservoir compensates for the impacts of individual
events. This watershed is in need of a river basin management program. If
deforestation and mismanagement become larger in scale, impacts on the reservoir will
become much more serious.

In general, there is a need for integrated management of all the Costa Rican
hydroelectric river basins except for Rio Macho which is reasonably well protected due to
the national reserve in its upper watershed. Of all the hydroelectric systems, the most
critical river basin management problem is associated with the Cachi reservoir where
sediments have become a serious problem due, in large part, to the Reventado (San BIas)
landslide area.

There is an important concern about the Arenal dam. Shortly after its construction was
initiated, the long-inactive Arenal volcano located only 5 km 1-:- the south became active,
spewing hot gases, rock and lava. It continues to do so today. If the Arenal volcano
would have a major eruption, it is doubtful that the lava flow would reach the dam
although this is not certain. This dam was very carefully designed to withstand a major
seismic event and contains very extensive monitoring equipment to detect any stresses
that might imply future damage. .

All of the Costa Rican major hydroelectric plants have a vulnerability to earthquakes;
this vulnerability is not considered major because of the design criteria used for these
facilities, especially the newer ones. There have been landslide incursions in and around
some of these plants; disturbed areas, however, have been carefully cemented. It is felt
.that further risk is minor. One concern that has been confirmed is the vulnerability to
excessive water flow and rock damage at the river diversions and intakes of the Garita
power plant.

There is little identified vulnerability to the small thermal power plants except that of
potential flood and hurricane damage to the Lim6n plant.

The analysis of the transmission components in the. electric system vulnerability matrix
are based principally on the personal knowledge of these systems by ICE management
and technicians. The major identified concerns include several elements.

The two transmission lines from Cachf and Rio Macho to the Central Valley also pass
'directly over the San Blas landslide area. Prior damage has occurred and towers have



had to be relocated. The other two lines with serious problems oflandslides are those
between Arenal and Barranca and between Rio Macho and San Isidro.

. .'

The higher elevations in the northern region of the country are affected by strong winter
winds. These winds are often the cause of transmission outages in the Arena! area
during this season. Physical damage is virtually nil. Clearly, a hurricane passing
through the northern part of the country could cause serious wind damage to
transmission lines is this region. It is generally thought that transmission towers and
','lines are quite resistant to earthquake damage because of their inherent flexibility. An
additional concern to transmission systems is the corrosion effect of volcanic gases. This
question has not been analyzed adequately. Ash from volcanic eruptions is known to
cause crossovers of insulators. Reports indicate that in such cases, the insulators and
other equipment can be washed by water jets while the lines are in operation without
hazard to personnel. This concern also needs to be analyzed in more detail.

,
A concern has been identified with respect to substation vulnerability to earthquakes,
principally for major transformer damage. Although major concern has been assigned
to this category, a much more detailed investigation needs to be made.

4.5 Summary of Natural Hazard Impacts on Energy Infrastructure inCosta Rica
Table 8 provides a summary of theresults of the vulnerability matrices for the petroleum
and electricity energy networks. The hazard categories have been combined to provide a
reasonably independent set. The table provides the number of times an A or B
vulnerability is assigned in those matrices, again avoiding double counting when
categories have been combined. The number of different components in each category is
identified next to the name of that category.

Some conclusions can be extracted from this summary matrix making reference to
details from the individual matrices where necessary.

In the petroleum sector, type A (major impact) events includ~:

• Hurricane damage to the refinery - (note that hurricanes do occur in this
region but are not common)

• Landslide damage to the product pipeline - (especially at San BIas - this event is
not unlikely) ,-

In the electricity sector, serious events include:

• River basin management concerns associated with erosion control, landslides
and, in turn, problems of sedimentation in reservoirs - (existing problems are
likely to continue);

• A water intake problem at one hydroelectric facility - (would be serious but the
engineers think they have the risk under control); and

• Landslide, flood, and wind vulnerabilities for various transmission segments -
(San BIas landslide risk applies to two major transmission lines)

Concern for the vulnerability of electric substations to earthquake damage; other
concerns include landslide, flood, wind and excessive river flow damage.



Thermal Power A
Plants (4) B

1 1

/
Table 8. Vulnerability matrix snmmary for Costa Rica
----------------------------------------------------------Earthquake Excessive Volcanic

Rupture Landslide Flood River Flow Eruption Wind

Ports (1) A
B 1

Refineries (1) A
B

1
1

Petroleum A
Terminals (5) B 3 1

Pipeline A
Segments (5) B 3

2
2 3 1 1

Hydroelectric A
River Basins (4) B

3
1

2
1

1
1 1---------------~------------------------------------------

Hydroelectric A
Reservoirs (5) B 3

2
3

1
2 1

Hydroelectric A
Power Plan ts (5) B

1
5 4

3 1

--------------------------------------------------~-------
Transmission A
Lines (23) B 14

4
4

4
5

4

Electric A
Substations (18) B 9

2
10

15
1

3
1

6
3

1

Note: - means "not applicable."
Source: OEAfDDRlEnergy Sector Case Study for Costa Rica with support ofstaffofDSE
and ICE.

. _----------_._------.- .... _- _ ..



Section 5
Event Studies

5.1 Event Study Selection
It is evident that the process of identification of the individual vulnerabilities of
components of energy infrastructure as described in Section 4 is very intuitive and
heuristic. This section serves to describe the process of setting priorities with the
information that has been generated so as to select specific areas for more detailed
analysis.

Figure 9 attempts to provide a more rigorous perspective of the intuitive processes used in
the assignment of major and minor categories of impact (A and B respectively in the
vulnerability matrices) for each component of infrastructure. The horizontal scale is a
measure of the magnitude of an event which is inversely proportional to the probability of
its occurrence. The vertical scale is a measure of the cost to put the component back in
operation. The graph presented shows the shape of a typical curve growing from zero for
low magnitude events to some limiting value which would represent the cost for complete
replacement of the component. The vertical scale has been divided into the" same two
categories A and B used before.

The process of selecting either A or B for a given hazard and a given component is in
reality a subjective judgment as to where on the graph, the selection of magnitudes (or
probabilities) should be made. It is noteworthy to mention that the assignment of A, B
and 0 was not difficult among the various technicians interviewed, with the only major
difficulties occurring trying to decipher border line cases between A and R

Besides the estimation of the impacts of natural hazards to individual components ofthe
energy infrastructure, it is essential to consider the impacts of such damages to the
national energy system. For the component that serves a critical role in the provision of
energy to, for example, a large percentage of the country, the component damaged by a
natural event is much more serious than similar damage to a component without a
critical role. This criterion of energy system impact is the additional key element needed
for the selection of specific event studies for further investigation.

The selection of event studies presented below were based on the following selection
criteria:

• Events that have major impacts on critical components.
• Events that have major impacts on two or more components of the energy

infrastructure.
• Events that have major impacts on less critical components.

Review of the events in which type A assignments were made are easy to analyze. For
example, although it is accepted that the RECOPE refinery at Moin is susceptible to
major hurricane wind damage, damage to the plant would not likely cause any serious
interruptions to energy flow because all the products that the refinery produces could be
easily imported directly. On the other hand, a landslide at San BIas could affect electrical
transmission, the RECOPE pipeline, as well as the railroad at a critical point in the
normal energy flow for the entire country. This latter event was selected for more
detailed study (Event 2).After lengthy discussions with national engineers, it was decided
to assign a value of B to the event of damage to the Arenal dam for all of the applicable
hazards. Although the hazards conditions are clear, it was felt that damage to the dam



Figure 9. Theoretical process of assignment of vulnerability categories

~ +-_~Categorization of
Vulnerability for Given
Component

Replacement Cost

f---t Maximum Cost
under Consideration

A: Major Impact

B: Minor Impact

Assumed Event Magnitudes
~

under Consideration

Magnitude of Event
0.001 0.0001 O.OOO()l0.01

Probability of Event

based on its construction and monitoring was too unlikely to assign it a high
vulnerability. The dam is one of the most critical electrical infrastructure components in
the country providing assurance of water availability to almost fifty percent of the
installed hydroelectric capacity in Costa Rica. It was decided therefore to include the loss
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After one month, without the imported energy from Panama, the situation would
worsen. The difference between the total available electricity and the demand represents
a shortfall on an annual basis of 565.7 thousand MWH.

of this structure as one of the event studies although it had a lower individual impact
assignment (Event 1).

Finally, the concern for the vulnerability of electric substations to earthquake damage (an
assignment of A), led to the selection of the most critical substation in the country,
namely La Caja, located on the western end of the ring around San Jose. This substation
is key for supplying power from three separate hydroelectric plants to the city (Event 3).

5.2 Event 1: Dcstru.ction of the Arena! Dam
5.2.1 Description of the Event
For the purposes of this analysis, the focus is on an earthquake of magnitude Richter 8 or
greater and assumes that this event causes shifting of the materials of the dam which
requires major reconstruction.

5.2.2 Description of Emergency Response
It is assumed that the type of impact on the dam would provide adequate tirne to permit a
controlled drainage of the lake. The two hydroelectric power plants at Arenal and
Corobici would be forced to shut down when the water levels in the lake fell to a level that
prohibited a continuous and adequate flow to these plants. Under these conditions, the
remaining electric generation capacity of Costa Rica would be unable to meet its internal
electricity demands.

To estimate the impacts of these shortfalls, the left-hand column of Table 9 presents a
summary of the electricity provided in 1988 by the major power plants as well as imports
from neighboring countries. Imports in that year consisted principally of electricity sales
from the EI Caj6n project in Honduras.

The second column shows the likely national response to the event at the Arenal
complex. As the operation of the major hydroelectric facilities was close to maximum in
1988, it is reasonable to assume similar outputs from the remaining plants: La Garita,
Rio Macho and Cachi .: The thermal plants, one in Lim6n, one in Barranca, and two in
the Central Valley have a design capacity of 141 MW. However, because of their age and
state of maintenance, only 50 MW of firm continuous power can be expected,
representing an overall capacity factor of about 35 percent. From Honduras, one could
expect an equivalent of 300 thousand MWH per year. From Panama, because the
marginal power sources in that country are provided by gas turbines, one could expect, at
best, a month of emergency electricity delivery equivalent to 30 MW of firm power. In the
first month, the shortfall, of energy sums to 25.2 thousand MWH.

It is assumed that because of the magnitude of the, emergency, that ICE would contract
foreign firms to provide mobile electric generation Units located in appropriate sites near
the electric grid and with reasonable access to their required fuel supplies. It may be
possible to anchor generator barges or ships in Lim6n and Puntarenas with temporary
transmission lines to the respective substations in Lim6n or Barranca. The capacity of
the transmission lines from Lim6n to San Jose would limit the total capacity of
emergency generators on the Atlantic side. It is also assumed for the impact analysis
that these generators would be in place and begin generation three full months after the
emergency begins.
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Table 9. Supply and cost of electricity in case of a loss of theArena! dam

Subsequent First Month Subsequent
Normal First Month Annual Costs of Annual Costs
Annual Emergency Emergency Emergency of Emergency
Electric Electric Electric Electric Electric
Generation Generation Generation Generation Generation
103 MWH 103 MWH 103 MWH 103US$ l03uS$

Ar e n al 468.5 0.0 0.0
Corobici 550.6 0.0 0.0
La Garita 627.9 52.3 627.9
Rio Macho 571.1 47.6 571.1
Cachi 614.9 51.2 614.9
Thermal 94.0 36.6 438.0 2,508.3 30,100.0
Imported
(Honduras) 190.6 25.0 300.0 348.9 4,186.7
Imported
(Panama) 21.9 0.0 2,628.0 0.0
Total 3,117.6 259.8 3,117.6 5,485.2 119,141.7
Generation
Shortfall 25.2 565.7 0.0 84,855.0
Percentage of
Lost Energy 9.71- 18.14-

Note: - means "not applicable."
• Ratio of energy generation shortfall to total energy generation written as a percent.
Source: OEA-DSE

In the best of conditions, it is assumed that it would take a year to rebuild the dam and
another year to refill the Arenal reservoir.

5.2.3 Summary of the Impacts
Table 10 provides a summary of the expected impacts over the 24 months of emergency
conditions .

..For the three months of electricity shortages in Costa Rica, it is assumed that the
economic and labor losses would occur in proportion to the fraction of electricity
shortfalls. Moreover, the losses are applied to only the activities of the cantons that are
connected to the main electricity grid. As was discussed in the section on methodology,
the production loss estimates apply only to agriculture and industry. If the energy
dependence relationships were similar for the rest of the economy, then the loss figures
would be approximately two and a half times the levels presented under production.

For ICE, the costs of the event include the costs of reconstruction of the dam, the lost
revenue from unsold electricity, the additional costs of thermal power generation and
import purchases, as well the electricity purchased from the emergency generation
units.
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Costs
Assigned
To ICE
l06uS$

Costs in
Lost
Production *
106US$

Costs in Lost
Foreign Exchange
Assets"
l06uS$

Lost
Working
Hours"
106.Hours

Table 10. Estimated impacts of the loss of Arenal dam
----------------------------------------------------------

----------------------------------------------------------
Investment costs
to Repair 74.1 •• .* ••
Operational
Losses in the
First Month 6.9 19.7 8.9 1.8

Operational
Losses in the
Next
Two Months 11.0 74.8 33.7 7.0

Opera tional
Losses in the
Next 21
Months 2QM Q..Q .Q.Q ~.Q.Q

Totals 300.5 94.5 42.5 8.8

-----------------------------------------------------------
Note: • for agricultural and industrial sectors only

•• means "not applicable"
Source: OEA-DSE

5.2A Mitigation Alternatives
Given the low probability of major impact by an earthquake, it is doubtful that
vulnerability reduction measures such as additional structural reinforcement or
monitoring will be undertaken at the Arenal dam. Impact mitigation actions are
advisable, however.

It is clear that the thermal plants used for peakirig and backup operation need
substantial renovation. Clearly, this action would improve but not solve a problem of the
magnitude discussed here. The combination of the low probability of the event and the
need for electric generation expansion in Costa Rica suggests a long term mitigation in
guaranteeing that generation expansion take place away from the Arenal complex.
Finally, it is important that ICE be prepared with all the information and contacts
necessary should there be a future need to acquire emergency generation equipment
from outside the country.
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5.3Event 2: Severe l ..andslide at San Bias
5.3.1Description of the Event
The combined conditions that could exacerbate another and potentially more damaging
landslide at San BIas would be a season of heavy rainfall resulting in deeply saturated
soils, a very heavy recent rain causing high water runoff, and finally, a severe
earthquake. The earthquake could loosen the unstable material and begin movement of a
very liquid material down stream. The event might activate other mass movements
affecting much larger cross sections of the Rio Reventado including the tops of the walls
of the existing slide where all the energy infrastructure is supported. For this event, it is
assumed that the landslide would take out the two electric transmission lines connecting
Cachf and Rio Macho to the central grid, the RECOPE pipeline, and among the various
bridges downstream, the railroad crossing. It is clear that an event of this magnitude
would include loss of life, especially in the more populated areas downstream.

It is also assumed that the width of damage caused by the slide would make it impossible
to reconstruct the energy infrastructure in its original location, requiring the search for
another crossing point or, at least, much longer crossing distances requiring much
higher towers. The instability of the landslide area, would make it unwise to support any
infrastructure setting directly on the slide material, or even worse, to attempt to
construct a tower in this medium. For these reasons, it is assumed for the analysis that
the damage caused by this event would not have even temporary repair for a full month
after its occurrence.

5.3.2Description of Emergency Response
Table 11 describes the sources and amounts of available electric energy to supply the
cantons located to the northwest of the break in infrastructure. This region contains all
of the Central Valley and the cantons that surround the grid following it to the border
with Nicaragua. This region's annual electric generation needs for 1988 were 2791.8
thousand MWH. The plants that would partially cover these needs are Arenal, Corobid,
La Garita and three of the four thermal plants located in this area. The balance of
available supply would be imported from Honduras. The shortfall equivalent of 506.2
thousand MWH per year represents 18.13 percent of the area's electricity needs.
\. .'

The closing of the RECOPE pipeline as well as the interruption in operation of the
railroad would shift all petroleum distribution to the only remaining supply source in
Lim6n (the Turrialba facility along the pipeline is used only for pumping). All petroleum
light products, diesel, gasoline, kerosene, and jet fuel as well as the heavies, principally
fuel oil, would need to be moved by tank truck from Lim6n. The size of the tank truck fleet
in Costa Rica is adequate to perform this job; these trucks are used regularly to distribute
petroleum products from the existing t.erminals along the RECOPE pipeline to the points
of demand. The question of road blockage is valid. With an earthquake of the magnitude
to activate another San BIas landslide, it would seem evident that other landslides would
be likely. There are three major road accesses to San Jose from Siquirres, the town
where landslide concerns begin. It would seem unlikely that all three of these roads
would be impassible for more than just a few days.



Table 11. Supply and cost of electricity incase of a severe landslide inSan BIas

1988
Normal
Case
l03MWH

Arenal
Corobici
La Garita
Rio Macho
Cachf
Thermal
Imported
Total Generation

468.5
550.6
est»
571.1
614.9
94.0
19M

3,117.6

Total Generation
Needed in Impact Area 2,791.8
Generation shortfall 0.0
Percentage of
Electricity Demand
Not Covered

1988 1988
San BIas San BIas

Landslide Impact Landslide Costs
103MWH 103uS$

468.5
550.6
627.9
0.0
0.0

338.6
mo

2,285.6

21,400.2
4186.7

25,586.9

2,791.8
506.2

-------------------~----------------------------------~---
18.13*

Note: --- means "not applicable."
* Ratio of generation shortfall energy to total generation needed written as a percent.
Source: OEA-DSE

The bottleneck appears at the transfer point in Lim6n. Evaluation of the maximum
transfer capabilities at the Lim6n terminal showed a serious limitation for the transfer of
diesel and a slight limitat.ion for that of gasoline. Table 12 shows these results as applied
to the 1988 figures for the transfer of light petroleum products by the RECOPE pipeline.
The shortfall of 1 294 thousand barrels represents 28.64 percent of the total transfer. The
transfer of fuel oil does not appear to be limited. Because of the importance of fuel oil to
industrial production, this amount was included in the total transfer amount resulting
in a reduction of the shortfall percentage to 24.73. . .

RECOPE maintains a reserve capacity of fuels in all of its terminals that would be used
during the initial days of the emergency. At the end of the month when the ,
infrastructure begins operation again, there will still be a period of shortfall until the
system reaches a state of normalcy. (Note that the RECOPE pipeline is currently
operating at near capacity.) For this reason, it was decided to maintain the petroleum
shortfalls for the full period of one month.

5.3.3 Summary of the Impacts
The losses of 18.13 percent of electricity and 24.73 percent of petroleum products were
applied to the cantons located within access to the electric grid to the northwest of the
break in electric infrastructure at San BIas. For the rest of the cantons in the country,
only the 24.73 percent petroleum loss was applied. Table 13 presents the overall results of
this analysis.

In the one month of emergency, ICE has a U.S. 4.5 million dollar loss, principally in lost
electricity sales, purchases of electricity from Honduras and in the high costs of the
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Table 12. Impact of the transfer limits at Lim6n petroleum terminal
---------------------A~~~;f-----·~f;n-u-al--------------

Transfer Maximum Shortfall
Capacity Transfer in
Lim6n Lim6n Transfers
Terminal Terminal at Lim6n
BBI1HR 103BBL 103BBL

Product
Demand
1988
103BBL

DIESEL 2,671 192.59 1,518.4 1,153
GASOLINE 1,508 173.33 1,366.5 141
JET FUEL 258 192.59 1,518.4 0
KEROSENE & 96.30 759.2 0

TOTAL 4,519 1,294

FUEL OIL sn 0

TOTAL 5,490 1,294

Short fall Fraction of Total
Pipeline Transfers in 1988 0.2864

Total Shortfall Fraction: Fuels used for
. Economic Production (Diesel, Gasoline, Kerosene and
Fuel Oil) ................. ...... ................. 0.2473

Note: --- means "not applicable."
Source:· OEA-DSE

operation of the thermal plants. The repair cost to the towers and lines is not expected to
be significant if it is just a question of two new towers and a longer stretch of cables.

The cost of repair for the pipeline could not be estimated in the time of this analysis,
although, as with the case of ICE, the costs are not expected to be high. The amount of
U.S.1.1 million dollars represents the additional costs that RECOPE would need to cover
for the transportation of light and heavy petroleum products by truck from Lim6n to the
petroleum terminals normally supplied by the pipeline.

The costs in lost agricultural and industrial production are significant, summing to
U.S.68.1 million dollars. The losses in exports and labor are U.S.30.4 million dollars and
6 million hours, respectively.

5.3.4Mitigation Alternatives
The seriousness of the San BIas landslide is a result of the concentration of energy
infrastructure in one hazardous area. The characteristics of the potential event makes it
unfeasible as a vulnerability reduction strategy to attempt to structurally reinforce the
energy infrastructure. The best approach to mitigation is to provide system redundancy
so that alternative energy paths are available for immediate use in the case of a
destructive San Blas landslide.

For electricity, the best alternative appears to be the construction of a new transmission
line from Rio Macho to the grid around San Jose, bypassing the San BIas area. This line
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Investment
to Repair
Operational
Losses in the
First
Month

0.00 ** ... **• .**

Table 18. Estimated impacts of a severe landslide inSan Bias

Costs
Assigned to

ICE
l06uS$

Costs
Assigned to
RECOPE
106US$

Costs in Costs in Lost
Lost Foreign-Exchange

Production" Assets·
106US$ 106US$

Lost
Working
Houra"
106 Hours

------------------------------------------------------------

Totals 4.5 1.1 68.1 30.4

6.0
6.0

1.1

------------------------------------------------------------Note: * for agricultural and industrial sectors only
.* means "not determined"
·**means "not applicable"

Source: OEA-DSE

should be designed for 230 KV to provide adequate capacity and also to serve to close the
existing gap in the national 230 KV infrastructure.

For petroleum, the RECOPE pipeline reliability suffers from its lineal and' one-directional
flow. Whatever breakage in the Iine! implies a shutdown of petroleum transfer past that
point. Any breakage between Lim6n and EI Alto implies a complete shutdown of the line.
The alternatives available are to construct a new line following a different route between
say Siquirres and San Jo~ or to consider providing petroleum in a reverse direction from
the Pacific in the case of a pipeline blockage in the eastern segment of the country. The
proximity of the Barranca terminal to the Pacific coast strongly suggests the option-of
petroleum import from the west and conversion of the line to operate in reverse if that
should be necessary.

RECOPE has studied one option for importing petroleum from a Pacific port2• That
report recommends the use of the dock facilities at Punta Morales, 38 km to the north of
Barranca as the best option Versus providing a pipeline tie to the national port at Caldera
located just a few km to the south of the terminal. The principal concerns at Caldera are
the lack of dock space and insufficient depth. The, docks at Punta Morales.can accept up
to 30 000 DWf capacity ships.

The RECOPE study proposes the installation of petroleum transfer infrastructure at
Punta Morales and an eight inch pipeline to Barranca and the necessary additional
tanks at this terminal. That study does not include analysis of the costs of pumps at

1 Breakage here means the rupture of the pipeline system which involves one or two pipelines
depending on the location of the break. -

2 RECOPE: Estudio de Prefactibilidad Multicriterio - Proyecto: Importacion de Productos
Tenninados por el Litoral Pacifico, Mayo 1989.
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Barranca nor the costs of installation of bypasses to the check valves which would permit
use of the existing pipeline in reverse. .

5.3.5 Description of the Selected Mitigation Projects
The projects selected for the mitigation of the Event 2 are slight modifications of those just
described:

Project 1: New 230 KV Transmission Line between Rio Macho and San Miguel
Project 2: Pacific Petroleum Import Infrastructure - Punta Morales

Project 1 appears on the ICE list of future electric infrastructure projects principally as
an extension of the 230 KV transmission system. To date a specific routing has yet to be
designed and costed. San Miguel is a proposed electric substation to be built on the
northern side of San Jose (See Project 3). The extension of this line around the city
provides a continuous 230 KV linkage with the lines from the northern part of the
country. Using a cost ofUS$ 80 OOO/km for 230 KV line for the estimated 36 km total
length and an addition US$ 700 000 for substation needs gives an initial estimate of
U.S.3.6 million dollars as the project capital cost.

Project 2 requires more evaluation before a specific import site can be finally selected.
For the purposes here, the project follows the recommendations of RECOPE in the study
just cited and includes the petroleum product transfer facilities at Punta Morales and the
pipeline to Barranca with the necessary additional infrastructure at that terminal. The
total cost of this project was estimated by RECOPE at U.S.7.4 million dollars. It is
recommended that in follow-up analyses that this project include the costs of additional
pumps in Barranca and the required bypasses to permit the reversal of the pipeline to EI
Alto. The additional cost of these bypasses is not expected to be great.

5.4 Event 3: Loss of the LaCaja Substation
5.4.1Description of the Event
A severe earthquake may cause destructive damage to the three 230-:138·KV transformers
in La Caja. These transformers provide the primary link between San Jose and the .
power delivered from the Arenal and Corobicf plants as well as the energy transferable
from Honduras. The power from La Garita also passes through this substation,
however, without voltage change. Whatever damage that might occur in this latter
linkage is expected to be easily repaired. Such is not the case with the transformers.

5.4.2 Description of Emergency Response
ICE does not maintain any spare 230-138 KV transformers. Besides the three at La Caja,
there is one installed at Barranca and one at Rio Macho. In the case of the loss of one of
the former three transformers, ICE would disconnect the line from Rio Macho to the
south and transfer the Rio Macho transformer by truck to replace the damaged unit.

The normal purchase of new transformers of this size is a lengthy process requiring a
purchase announcement, submission of bids and when a contract is awarded, a period
for assembly of the units, shipping and their installation. In an emergency situation, a
government exception to this process may be obtained. As companies that produce large
transformers rarely maintain an inventory of transformers with the specifications
needed but make all transformers to order, emergency access for replacement
transformers would most likely have to come from used equipment markets. If this
acquisition could be arranged and the transfer to Costa Rica provided by air transport



Arenal
Corobici
La Garita
Rio Macho
Cachf
Thermal
Imported
Total generation

468.5
550.6
fIZl.9
571.1
614.9
94.0

lOO.fi
3,117.6

0.0
0.0

ffZ7.9
571.1
614.9
308.4
262.8

2,385.1

18,755.8
24.241.7
42,997.5

Table 14. Supply and cost of electricity incase of a loss of LaCaijasubstation
-----------------------------------------------~---------

1988
Normal
Case
103MWH

1988
La Caja
Loss Impact
I03MWH

1988 .
La Caja Loss
Costs
103uS$

-------------------------~-------------------------------

Total Generation Needed
in Impact Area 2,482.1
Generation Shortfall 0.0
Percentage of
Electricity Demand
Not Covered

2,482.1
97.0

3.91*
---------------------------------------------------------Note: ---means "not applicable."

* Ratio of energy generation shortfall to total generation needed written as a
percent

Source: OEA-DSE

services, one could expect, at best, a one month loss in electric service because of the
event.

The cut of230 KV service at La Caja would affect all the cantons to the east and south of
this point. In a similar format to that presented before, Table 14 provides a summary of
the electricity needed in the affected area in 1988. This zone would lose principal access
to the electricity supplies from Arenal, Corobici, Honduras, as well as the thermal plant
in Barranca 1.

As long as the Rio Macho 230-138 KV transformer is not relocated, this area would
receive energy from the plants at La Garita, Cachf, Rio Macho as well as from Panama
and the thermal plants in the San Jose and Lim6n. As is shown, on an annual basis, the
shortfall in supply is only 97 103 MWH representing 3.91 percent of the total energy
needed.

5.4.3 Summary of Impacts
Table 15 provides a summary of the estimated impacts of this event. Each new
transformer is estimated to have an installed cost of US$500 thousand, implying a total
replacement cost of the three transformers of about U.S.1.5 million dollars. ICE costs

1 A small amount of electricity could be passed from Barranca to La Caja through the La
Garita circu.it.
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Total 5.5 6.9 1.9 0.6

Table 15. Estimated Impacts of the Joss of LaCeJa substation-----------------------------------~---------------------
Costa

Assigned
to ICE
lrPUS$

Costs in
Lost

Production-
lifJUSS

Costs in Lost
Foreign Exchange

Assets-
lifJUS$

Lost
Working
Hours-
106 Hours

---------------------------------------------------------
Repair Costs 1.5 -- •• .-
Operational
Losses in the
First Month

No~~*-F~-;~~t~~-a;di~d~~ri8f~~~~;ri.--------------------
•• means "not applicable"

Source: OEA-DSE

include the costa of purchase of emergency power from Panama, the additional costs of
thermal power generation and the costa of energy not sold. The economic and labor
impacts are significantly less than in the other cases because of the small percentage 1088
in electricity availability.

5.4A Mitigation Alternatives
There are at least three mitigation approaches in this case. The most obvious is to provide
an adequate inventory of transformers for replacement in case of such an emergency.
The second is to upgrade the standards for substation construction that guarantee
protection against damage from major seismic events.

Another approach which would satisfy a broader range of objectives would be to provide
route redundancy 80 that the La Caja could be bypassed in an emergency. Of the route
options available, the most effective seems to be a new 230 KV line beginning at the
Arenal power plant and ending at the central valley grid at a location other than La Caja
and routed via the Atlantic side of the continental divide. This new line would provide a
more assured supply of electricity to the communities in this area as well as the
redundancy needed for the complete linkage between Arenal and San Jo~ on the Pacific
slope. It can be seen in the vulnerability matrix for the electricity sector that this new
line will mitigate not only the La Caja bottleneck but potential and existing natural
hazard related problems along the entire existing route.

5A.5 Description of the Selected M3.tigation Project
Project 3 is a 140 km single circuit 230 KV transmission line between the Arenal
substation and the Central Valley grid. The line. will pass to the north of the Arenal
reservoir so as to avoid the Arena! Volcano to the south. From the reservoir it will
descend the Atlantic slopes of the mountains to a new substation which will serve the
community of Ciudad Quesada. From there the line will continue to the central valley
connecting initially at a new substation at San Miguel located on the northern side of the
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central grid. From here the 230 KV line will continue another 14 km to the La Csja
Substation to complete the 230 KV circuit.

The total cost of this project is estimated to be US$23.6 million dollars.

5.5 Summary of the Results of the Analysis
Table 16 presents a summary of the estimated impacts of the three cases selected (or
evaluation. In addition, the table shows the costs of the three mitigation projects. Map 3
gives an approximate location of each of three proposed projects.

It is important to note that these projects will have benefits in addition to just those of
mitigation of the purported events. Project 3will provide grid supplied electricity to
another area of the country. Project 2 provides Costa Rica with access to Pacific markets
for petroleum.

The presentation format provides a mechanism to give decision makers a tool for
comparing natural hazard impacts with the costs of their mitigation. This approach
could be used for the justification of a package of projects designed solely for mitigation,
or more likely, because the individual projects are the responsibility of separate energy
institutions, the process can be used as a part of the justification of these individual
projects within their own expansion plans. This is expected to be the case in Costa Rica.
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Table 16. Impacts of natural hazard events to the energy system of Costa Rica and
costs of mitigation projects
---- ------ --- ----- ---E;e;tl--------Ew~t2--------- E;~t3-----

Cost of
Arenal
Dam

Destructive
Landslide
at San BIas

Earthquake with
Destruction of
Transformers
at La Clija

----------------------------------------------------------
Cost to ICE
(l06uS$)

Cost to RECOPE
(l06US$)

300.5 4.5 5.5

0.0 1.1·· 0.0

Losses in
Production •
(106US$) 94.5 68.1 6.9

Losses in
Exports"
(l06US$) 42.5 30.4 1.9

Losses in
Employment·
(l()6 Hours) B.B 6.0 0.6

Cost of Inversion for
Mjtie-ation Projects:

Transmission Line
Rio Macho!Anillo
Central
(106US$) 3.6

RECOPE Pacific
ProJect
(lOOUS$) 7.4

Transmission Line
Arenal/Cen tral
Ring
(106uS$) 23.6

No~-·-F~~airi~l~~-~d~d~stri~sec~~o;ly.-------------------
•• does not include costs of pipeline repair.
--- means "not applicable."

Source: OEA·DSE
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