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INTRODUCTION:
The most severely strilen area by the viclent shaling caused by
the earthgquake 1n Limén covers & surface of approximately eight
theusand square  Vilometers (8,000 be®), most  of whach  lies an
Costa  Fican terecitory  (nearly B8%), and the rest  in Bocas del
Tayo  Frovince, Fanama. This area is limited by an  intensity

tModified Mercalli)d (REojas, 19%1), greater than VII but lecs than

VITT o117 MM 2 WITYIY, where the damage or effects on the land
Cer anvironment aw well as ta man and his  works have been
srgnificant o evident, for which this regilon recelves the name
2T damiges areaf fig. i, captiond, Approaximately two  hundred

thowsand 1200, 808) people live there, (MIDEFLAN  and others,
1296, The damaged oY striken ar@a (fig. 12 Can be
geonorpholoegically divided into three zones:

. The alluvial plain, narrow and parallel to the Caribbean
Coast with the Estrella and Baja Talanars - ~SBixaocla valleys,
timited towards the inside by the piedmont of the last counter fo--

rteg of bthe Talamenca Turdillevra, with general altitudes of less

Ehan & hundred meters aver soca-level 188 msnmd, and which
reaches levels nesr to 2080 o, anly towards its southeastern
Catremity. Tue averagse annuwal temperaturs vanges {rom twenty-
Five to thairty degvess CTeuwtigrade 25 3, an average annual

rainfall between three thousand and three thousand five hundred

millimeters (3080 . F L 35088 mmd, and very high humidity levels



throwghout the year (Chinchalla, 19870,

The agricultural (mainly bananad, commercial and port activities
converge in this coastal zone, as well as the development of
pupulation and civil and 1ndustrial infrastructure,berng Limdn
the largest and most amportant city within the affected area,
where nearly sisty thousand pecple live in 1ts  survoundings,
Wwhile the remaining caone hase a less denhse population.  This sone
alasw has  the greatest seismic vulnerabilaity, something fully
illustrated by the severe material destruction caused by the
earthquake, although the number of people who died ©€23%, 1s
campletely cut of proporticon i relation to the damage and
mtensity of the viclent guake WIIT 2 IMM 2 X3 Denyer (1991).

o Mountain  zone, which ewtends from the border  with the plain
108 or 20 m.2, until reaching the continental divide of waters

tfig. 12, with mawimum feigiiks of 3800 mte. and rainfall higher

tlheun 2500 mm. This rzone corresponds waebth the Carvibbean slupe of
Live Talamanca Cardillera, charactericed by severe-slope
declivities, where numerous landslides produced by seismic

shaking were generated in its mid-inferior level. These slides
affected the wvirgin forests of the biospheric rveserve, La
Amistad," as well as the hydrographical basins of the region’c
et B 1Tmpe tant Flvaero, coinciding with the earthguake’s
mesoselemic area.

The density of population 1s ewtremely low, and 1t basically

corresponds to small indigencus groups  which  subsist  under

isalated and precar tous conditions, and which were also affected



by the vioclent seismic shake.

a Intermontainous Turrialba valley and surroundings, located
baebtween 508 and 10800 mts, possesses & hot and humid  climate in
the low parts, which improves in the high parts with an average
annual rainfall of more than 308 mm. (fig. 11.

This is the country’e internal zone that, after Limdn, suffered
the most significant effects, with 59,389 inhabitants concentrat-—
ed in the <ity of Turrialba, whao are dedicated to &gricultural
activities, basically coffee and sugar cane growing, complemented
with small dairies. The greatest damsge was veported in houses
and the ground, such as landslides. The intensity (MM) of the
sgismic shaking in this zone was greater than VII but less than
VIII, and only material damage was produced.

In the following sections, the aspects rvelated to the mast
significant damage and divect losses caused by the earthguake
will be foocused in a selective and complementary way, as well as

the most relevant mitigation measures put into practice.

DAMAGE AND LOSSES

The most noticeable damage and losses are found in the "life—

lipes" such  as roads, railroads, bridges and port facilities, as

well as agueducts. The damage resulting o the telephone and
glectric distribution network and on Limon’s aivport was of less
consideration. The Limdén—San José oil pipe line responded

patisgfactorily, while damage on the storage tanke and the fire in

the refinery (RECOFE) were severe. (Morales, 19910



The damage on the vital lines seriously affected the population
and the agricultural sectaor, aobstructing an adeguate attentlion of
the emergency and the rehabilitation of those zones affected by
the earthguake, particularly the alluvial plain, where the banana
activity and the people who settle there and depend on the said
crop are concentvated. Banana has become aone of the first ewportd
products of the country; besides, the port  system of Limdn-Moin
i Costa Fica’s main one, o much for  expordts  (83%X) as  for
imports (8@%)  of goods and merchandise. The only alternative
left to face the emergency during the first days was alrway; but
for the southers part of the city of Limén, it was a period of
weeks to months, due to the breaking down of  four  important
by idges and the destruction aof  the voad, includihg the
railway.The other sector that was most affected was  the housing
sector, mainly in 1 or Z-story constructions, while only & few
buildings suffered severe damage: & three-story building
collapsed (ome  person died), an alsao three-story building (Las
Olas Hotel) partially -ollapsed, and Limon’s hospital  building
(Tony Facio Hospital)d underwent significant destruction, mainly
non-structural, and the hogpital’s patients and personnel were
evacuated, which made the emergency attention activities more
difficult, having to transfer hospital patients as well as the
garthguake’s severely indured victims to San José, by means  of
alr transportation.

@. Lifelines

= Foads: The grestest damage coccured on the only national roube

o 32y which communicates the city of Siguirres with Limdén, and



in route # 36, Limédn-Sixacla, in the limit with Fanama (Fig. 10.
These roads have beern constructed to a great extent upon artifi-

S

cial in=-fills, which in furn are constructed  wpon a natural in-
fill, which ie the alluvial plain, usually with water-saturated
moils, and which will respond poorly in the presence of seismic
loading generated by seismic  shaking, whether by liquefaction,
differential settlement or subsiding,which are responsible for
the road’s collapse or for the lateral displacements that develop
gevere ruptures of the road bed, including the in—-fill. It was
spectacular to observe how cracks extended for kilometers along
the road's azle and on other occasions, bthe road was cud btrans—
viarssly by oracks that reached a depth of more than 2.0 mts.

The national route Siguivres-Limdn, of asphalt pavement surface,
suffered from severe to tobtal damage lengthwise of 2350 kms,
between the Rarbilla and RBlanco rivers (Fig. 13, while the
national route Limdn-Sixacla, alsco made of asphalt pavement,
suffered from severe to total damage along &8 kms, of which
almost  5@0% resulted in total destruction, mast of all in the
approaching spanse near the rivers’ pass, where there were more
in—-fills.

Adjacent roads made of asphalt pavement, concrete or gravel, that
communicate the principal rouwte with nearby towns alsc suffered
zevere damage and 1t was necessary to rebuild a total of 24 kmsg
mzanwhile, the canton’™s rvoad network rehabilitation, approximate-
ly 288 bkms of gravel roads, called for ancthey great effort.

T sum up, it is necessary to rebuild o rehabilitate nearly 389

kms, at  an approximate cost of 1, B15.8 million colones (ULS.



BE.T7 milliany.

‘‘‘‘‘ Bridges: The land’s nmature, the strong shaking and the
structure’s own characteristice all united to cause a spectacular
and severe impact on some bridges, which left the region isclat~
ed.

M the natiomnal  road Biguivves-Limdn, sis bridges placed over
Foode, Toro, Cuba, Blanco and Chirvipd rivers were badly damaged.
The most important  and significant damage was to the bridge over
Chivrripd river, because the northwestern approaching span (1l&
mtg) collapsed, cutting the passage of  the only road  to Limdan.
Within fouwr days, the passage over the bridge of Chirripd river
was rehabilitated, wsing a provisional in-fill. This is the
lonmgest bridge in Costa Rica (43@.7 mteld.

On the national route Limdn-Sixacla, the bridges over Vizcaya,
Bananito, Esterc Negro and Estrella rivers also callapsed in a
spectacul ar way, and damage was less significant on the Banano
arnd Sixacola bridges. During the first months, provisional
bridges were placed to provide the passage by this road which
leads Lo the touriet sector of southern Limdn, it communicates
small towns and it is the only way out for  the zone's producers.
At the present, the passage over Estrella river is suspended
after waterse rvome in April 92 and leveled the provisional plat-
ferm.

£

The total losses due to the bridges of naticonal  roads that

Tt

collapsed  or were damaged amount  to 725 million colones -

(.S %6.21 milliond.,



- Fallroads: These extend through the alluvial plain to the
northwest as well as to the southeast of Limédn  (Fig. 10, For
move than 75 years, it remained the sole means of communication
with the rest of the country, and the only means for the trans-
poert of  passengers, goods  and merchandise. Nowadays, it is
mainly used to transport banana from different planteations to
Limdn's port -~ Moin.,  The most affected branches are those of
Siguivres-Limdbn, where D1 hkms suffered diverse damage, and
Limén — Valle de la Estrella, with 41 kms.

Most frogusntly, the damages are the rupture or twisting of
rails, displacement of crossties and the railway, in many cases
caused by  settlement or lateral displacement of the land o the
in—-fill, where there was a significant liguefaction of the soil,
as happened with the roads.

Eight other bridges were also damagesd, four  of which were
zignifiicantly damaged but did not  collapse, two on the
Siquirres~Limén branch, mainly the c¢hannel bridge and over the
Matina viver, while on the southern branch of Limdén, the bridge
over Bananito rviver partially collapsed and in Valle de 1a
Estrella, the Atalanta bridge., The soil liguefaction phenomena
together with comnected deformaticns plus the seismic shaking,
contributed to the destruction obserwved on these bridges, though
their metallic structure reacted better.

The damage generated on the railroad  infrastructure, including
facilities as vepair shops, machinery and special eguipment rvaise
logsses to an amocunt of 1,152,323 million colones (U.5.%$9.87  mil-

Yiom) .,



----- Forte: Fort infrastructure was affected not only by  the
violent seiemic shaking, but also by the elevation of the coastal
shelf which reduced the waters’® depth in nearly 1.5 mis. It was
mecessary to dredge the coralline rock, in both Limén and Modn in
order to recover its draught.

Fwen though the docks did not stop operating, their capacity was
notably  reduced (30%0. Fort dinfrastructwe damage, such &
storerooms, repair shops, loading and unloading yarde, alignment
i cranes,pilots  and access  routes need  an investment of -
including  impravements and dredging -  appraoximately 1,778.0
millicrn colones (ULB.$13.2 milliand.

- Pdgueducts: One of the most severe prablems faced by Limon’s
population and by those vesponsible of attending  the emervgency
and rehabilitating the drinking water services was the damags on
the harnessing, piping, storage and distributicon systems of
dyinking water,

There are three supplying souwrces (E00 liters/second) for the
city of Limdn  and its swroundings  (Fig. 12, Rio Blanco, Moin,
and the main one is La Bomba (70%), where there is an intake of
water of  Bananc river and a tresatment plant, besides a wall
battery. Two agueducts go from  La Bomba to the oity of Limén,
the most recent one has a length of 15 kms and & diameter of 500
M, Wwith an external and arn  intevrnal concrete cocating, which
takes 2.3 months to rvepair tFicado, 193915, The oldest and
narrowest one (3@ mm), made of fused ivon i 17 kms long, and 1t
faullows the rvailroad route, while the new one approximately

follows the old road. Both suffered multiple ruptures in their



vontes, 120 damages o the new concvete one, and 5@ damages on
the old iron one (the agueduct from Moin to Limdn, 12 kme lang
and & diameter of 300 mm, made of ductile ivan, suffered 5
damages and was the first to be repairedl. In the distribution
metwork there were about 470 damages, specially in the asbestos-—
cement  pipe-lines, leaving the ity with & three-month  water
vaticning (Ficado, 19912, Other smaller systems which were also
affected were the rural microagueducts (230 used by smaller
Lowns, which agaravated the esarthguake’s destrucive effect.

The losses in the harnessing, treatment, piping, storage  and
distribution systems of drinking water and the sewerage systems
require -  including improvements -~  an investment of  2,772.0@
million colones (ULS.3%23.7 milliond.

Other wvital liness, such as the " telephone and electrical net-
work' suffered less damage, compared to that Jiscussed in the
preceding lines and pages, and this service was restablished by
sectors  in terms of one to seven days  in faraway zongs. Its
losses arve included in the Energy sector in Table 1, where a
summary =f direct losses per sectar is shown, according to the
data of the FRegulating Flan ¢ HNational Emergency Commission,
19913, to  internal documents of the Commission (Rosales, 19913,
and in general, to the updated files of the National Emergency
Commission, starting from dirvect government sources.

be Fowsing: The number of houses that existed in the affected
area, based uwpon data offered by Chinchilla <1987, MIDEFPLAN and
cthers (199@2, is esstimated in nearly 44,000 houses. According

b data of  the Special Housing Commission  (Comisidn Eepecial de



ey

Vivienda —  CEY - 1992y, & total of 12,3210 were partially or
totally  damaged, which means that movre  than 254 of the houses
ware damaged; consequently, near  S@, 200 people experienced
problems with their houses, of Wwhich 4,452 were declared as
totally damged oo destroyed, and estimating five members per
family, that gives & total approximate of 22,260 people with
wrgent housing necessities.

The greatest amount of houses that were damaged or destroyed is

found in the " alluvial plain"” zone, where most are constructed

owvier  wood piles which generally form & first floor or  a space

between floors, over which the wooden house, properly said, i
et oup oor constructed. I this way, people protect themselves
from the ground’s damprness and frequent  floods. The soil’s

alluvial mature responds inadeguately to seismic shaking, whether
due to amplification processes or to differential settlement, and
that alang with  the house’s characteristics, will make it go
through deformations that damage the house.

The total amownt  of taking into account CEV's data

Clemzy,  with 4452 houses destvoyed, 4679 severely damaged and
2128 moderately damaged, sums  up to an esstimate of 5,193.0
million colones TUCS.$44.46 millicon).

. PAgricultuwal sector:  The principal activity iz carried out
in the banana plantaticns  which extend throughout  the alluvial
plaim, which consists of bland, fertile and deep scils saturated
with water, where the use of channel networks for draining is

MECESEAT Y. The viaolent earthguake generated both s0il  and

drainage destruction, liguefaction phencomena, settlements and



ground rupture, which combingd with direct craop damages plus
damages on the plantations? infrastructure, sl as  roads,
internal transport  systems, plant and storeyooms, sy Lously
impacted the production.  On the other hand, the intervuption of
lifelines for transports (roads amd railvoads),  and the limita-
tion of port activities, also  contributed to an increase  of

losses in relation to the country®s and the region’s main export

in

1 E
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The small ownersz of traditional crops for subsistance or  for
ltocal consumption, oy for ewxport  purposes, such as  cacas, suf-
fered & proportionally larger impact, because theirv operative
capas ity and resources are limited. BEssides, the incommunication
problems subsist  due to the intervupticon of roads and railroads;
particularly, for southeastern Limédn, and mainly for the south-
sastern sector of La Estrells river where the bridge collapsed
and was still unvepaired in April, 1992, Furthermore, the spates
that occouwred i April, 1992, destroyed the provisional passage.

Thi

=] ctorte losses, including banana production, the banana that
was not exparted, the non-traditicnal production and the subsis-

teance producticon ds neavly 7,102,323 million colones  (U.B.%60.81
millicmd,

The totality of direct losses by sectors, including all sectors
that suffered significant damage, are shown in Table 1, where the
total  amcunt sums up to 21,991.9 million colones  (UL5.%188.3
milliond, always using the rate of exchange to the sarthguake’s

gay (1 dollar = 116.8 colones) (April 22, 193910, Compar ing the

total amount of direct  losses to the country's  gross domestic



The Energy sector dncludes logses in the refinery 1,088 million
colongs?) and in the telephone and electrical system. The Health
sector shows losses suffered by hospital infrastructure, includ-
irg hospitals, clinics, health centers and vural health offlces.
Im  the Social sector  are indicated: divect expenses used for
Fumanitarian attention, medical care, food, adguisition, storage
arnd distribution of drinking water, shelters, victuals, trans-
ey t, fusl, support persornel and others.

Inzluded in the Education sector are losses due to damage on the
infrastructure and didactic materials of primary and secondary
wohoole and damage  suffered by four  buildings on Undiversity of

Costa Milca's campus.

to damage on other bl Lo rivate industr ial e
U F y ’

commercial buildings have not been considered, whether from Limdn

o from other parts of the country, which means that the totality
of divect losses may surpass the amount of WS.8200 million.

MITIGATION OR COUNTERMEASURES

The aobjective during the emergency phase (fivst weeks), caoncen-
trated at first on "humanitarian aid," and later o the "infrast-
sucture’s rvehabilitation.” In worder to accomplish these two
ohisctives, it became necessary to establish and maintain:

fg Ay o airlift (San Joséd ~ Limén ~ isclated communitiez), with a
Fegional Emergency Operations Center, installed at the firport of
Limdér.

I & radio cammunications networl.



g Level of coordinaticon with national or local state institu-
tions, friendly nmations and communal  or non-governmental organi-
raticns, with logistic activation and support to local emergency
camnlittees;

d. Urgent medical attention brigade;

= Fubilic health brigade;

fo Bupply and distribution brigades

. Evaluation ofdamages brigade;

Fia Shelters brigade;

i. Boientific or technical groups.

The corresponding state institutions were in charge of  the
rehabilitation tasks, with the help of communal, non-governmantal
arganizations and of friendly nations (Morales, 173910,

A "Fegulating Flan” was established for the reconstruction tasks,
arnd the Government of Costa Rica is responsible for its execution
and is supervised by the National Emergency Commission (13313,
This document presents a diagnosis of the damages and & specific
action plan  for each of the affected sectors and the guidelines
for its gxecution.  The fundamental sectors are the following:
Aqueducts  and sewerage system (ICAYA--Instituto Costarvicense de
Mfouweductos y Alcantarillados), energy  (MIRENEM--Ministerioc de
Energia y Minas — RECOPE--Refineria Costarvicense de Febtrdleod,

electvicity and telecommunicaticons (ICE-—Instituto Costarricencse

die Electricidad)y, agriculture (MAG--Ministerioc de Agricultura v
Gamaderia — Frivate Sector)d, public works and transports (MOFPT-—

Ministerio de Obras Fablicas y Transportes -~ INCOFERE--Institutao

Costarvicense de Ferrocarviles — JAPDEVA——Tunta de Administracidn
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metwork fUniversibty of Costa Hiocald.
F Fegulations of Fourndat lomes The Soil Mechanics and Founda-

tion Enginesring Aszociation has wanted to take advantage of the

garthoguakes’ teschings (193031 where the site’'s effect has heen
ralevant for the different degrees of destruction aobserved. The
chijective iz to obtain regulations that can guide and establish
criteria o general and particular rules according o the type of
soil or land that will be used for constructing.

. Atlas of Natural Hazards and Yulnervability: The Frevention
wind Mitidgation Divection of the Mational Emergency Commissian,
With  the contribution of the University of Costa Rica and the
Information System of the Housing Bector, along with an exchange
of data and information with different public and private insti-
tutiong, has  been developing an "information  system”" with &
velational data base, alphanumeric  and graphic, which will allow
to eztablish a natiomal terrvitory zoning, and a move rvaticonal use
af zoil in accordance with the differenmt levele of hazards and
vilnerability, amd whickh will conduct the mitigaticon or prepara-—
tion activities of the population or the response in the presence
of emergencies.

. MNMatiomal Emergency Flan: The MNational Emevgency Commissicon
together with state institutions and non-governmental entities is
elabovating a plan which will allow to determine  the hierarchi-
Zal, functional  and operative structwre of authorities and
organiems, along with a8 coordinated management ofF  entities and
rescources for  the development of programs and activities in the

"betfore, during and afterwards" phases of disasters.



FIGURE CAFTIONS:

In the square compartment, the most affected area by the earth-

guake and ite relaticn to the rest of the country and neighboring

countries is  shown. The epicenter and causative fault are
included, as well as  the capital city’s location  within this

corhent.

The amplified figure presents the affected region’s physiographi-
cal characteristics, with a coastal "alluvial plain", separated
by the elevation of 100 to 200 mits (continuous thick line) of the
mountalnous  sone. The develapment of c¢ivil and population
infrastructure in the "alluvial plain” shouwld be obhserved (see
sy inlol ogy ). The vigilance stations of hydrographical basins are
alss indicated (with a small filled rectangled. The watevr supply
gources  wcan  be aobserved near  the port city of Lisdn (small
urnfilled triangles).

TaRl.E CAPTIONS:

Fresents divect losses for the different government sectors,

without including private enterprise, industry OF DOMmET o
texcept banana production and exportl. The author has obbtained

the data from Fosales (139%1) and from  the revision and updating
af  the files of FPrevention and Mitigation Direction of the
Mational Emevgency Dommission.

Virgin forest destruction (€5 square kilometers) along with its
flora and fauna due to the slides, as well as aguatic life in the
coral reefs due to the elevation of the coastal shelf are irrepa-
vable or invaluable, the same as 208 killed people, the same as 20

killed people.
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