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PLANNING AGAIRST GEOLOGIC HAZARDS IN PUERTO RICO
by
Hilda Diaz-Soltero
Puerto Rico Department of Natural Resources

San Juan, Puerto Rico

INTRODUCTION

It is my privilege to welcome you, in the name of the Governor of Puerto Rico,
the Honorable Carlos Romero Barcelo, to this conference/workshop on geologic
hazards in Puerto Rico. We are indeed grateful to the United States
Geological Survey and to the Federal Emergency Management Agency for
sponsoring this activity, which is designed to promote an awareness of certain
hazards that have always been with us, but that we have been in the habit of
disregarding. Through this activity, we hope to reach government officials,
leaders of business and industry, and the key individuals representing
professional, civic, service, and voluntary groups. We also appreciate the
assistance of the Agency for International Development, which made it possible
for representatives from other Caribbean nations to participate in this

conference.

During his years of service as Mayor of San Juan and subsequently as the chief
elected official of Puerto Rico, Governor Carlos Romero Barcelo has come to
appreciate the value of being prepared to respond to a variety of natural
catastrophes. During the past few years, Puerto Rico has been faced with the
battering effects of waves generated by North Atlantic storms and with the
heavy rains and floods created by passing tropical disturbances, including
some hurricanes that did not strike the island directly. Since 1967, the
government of Puerto Rico has had to expend $53 million from its emergency
relief funds, of which $7.9 million were for severe drought conditions, $41
million were for floods, and the remainder were for special spraying programs
to combat an epidemic of dengue fever, oil spill cleanups, and public safety

measures during major strikes and international athletic events.



Since direct Federal disaster assistance was first received in 1971, Puerto
Rico has received $108 million for flood disasters and $220 thousand for oil

spill cleanup from agencies of the United States Government.

CAUSE FOR CONCERN

When we review the historical data and realize that during the past 40 years
Puerto Rico has not suffered a land-falling hurricane, nor a severe
earthquake, and we realize further that the major urban growth of the island
occurred during that period, we can begin to understand the rising concern
about the fact that our recent development, with its high-rise structures and
extensive use of glass for curtain walls, has yet to be tested under extreme

conditions of wind and earth motion.

We have read about the relatively small earthquake that occurred in Coalinga,
California, in May 1983. We have reproduced a preliminary assessment of the
situation at Coalinga for distribution at this conference, to help to make you
aware of the devastating effect such an event can cause. In a town of about
7,500 people, strong ground motion caused $31 million in damages to private
property and another $6 million in damage to public property. Only some
$300,000 of that damage was directly covered by earthquake insurance. The
entire business district of the town was rendered unfit for occupancy, and
destroyed. That curtailed the municipal revenues, which were strongly
dependent upon a sales tax. None of the schools, hospitals, or other public
facilities were insured. Both of the town's banks, which were branches of
statewide banking enterprises, were able to resume business again within 2
weeks. The banks granted 60- to 90-day emergency extensions on loan payments
and credit card installments, and began to process emergency loans for repairs
to houses or for replenishing business inventories. The banks made effective
use of the local radio stations to advise people about their ability to do
business and the availability of emergency loans. Luckily, the main highway
connections serving Coalinga were not damaged by the quake, and relief
supplies were brought in quickly by motor vehicle. Much needed repair and

service vehicles were also able to arrive without delay.



In view of the severe effects that strong shocks have generated in Managua,
Nicaragua, in Guatemala, in the Dominican Republic, in the Virgin Islands, and
other nearby areas, we have to stop and wonder what could happen in a similar
situation in Puerto Rico, under present circumstances. We must be grateful
that such events have not happened here, but we must not close our eyes and
minds to the possibility that they may happen in Puerto Rico. We are mindful
that the San Juan Geophysical Observatory, now located in Cayey, which is now
operated by the Center for Energy and Environment Research (CEER) of the
University of Puerto Rico, is collecting information on microseismic events.
The data published periodically by CEER reveal that Puerto Rico is in the
midst of continuing seismic activity, with small, unnoticed shocks occurring
on the average of two or three times a day. They are so deep and so
attenuated by the thickness and structure of the Earth's crust that most
people never feel them. We cannot let a sense of complacency dull our
awareness of the seismic situation or our ability to prepare ourselves to
reduce the effects of such events upon life and property. We are also
grateful for the continuing research into seismic activity in the Caribbean by
the Lamont Doherty Geological Observatory of Columbia University, which has

provided valuable guidance to both CEER and staff of the Department.

HAZARD MITIGATION PLANNING

Governor Romero's Executive Order Number 366 of August 1979 was the first to
make note of a requirement for hazard mitigation planning in the case of flood
emergencies. Within 2 weeks of its publication, Hurricane David and Tropical
Storm Frederick poured intense rains over most areas of Puerto Rico and caused
severe flooding. A Federal disaster emergency was declared by the President,
at first applicable to only six municipalities, but eventually covering 72 of
the island's 78 towns. The provision for mitigation planning, and the
assignment of responsibility for that activity to the Department of Natural
Resoruces was not clearly understood until the FEMA disaster team set up shop
in San Juan. They knew that hazard mitigation was a requirement of the
disaster assistance agreement, but the local officials were not aware of the
new executive order. It took only a few days for the word to reach the

responsible parties and for action to be initiated.



The Coastal Management Program of the Department of Natural Resources had been
approved in September of 1978. It included a continuing task related to
coastal flooding, and a team had been organized to consider that problem,
under the guidance of an excellent consultant. My predecessor created an
interagency task force, including representatives of 12 Federal and local
agencies. The task force's working committee visited the locations of major
flood damages, made a preliminary assessment of the extent and severity of the
problems, and developed a priority list for future action. An Overview report
on coastal flooding and the Puerto Rico Flood Hazard Mitigation Plan were
published during 1980. The mitigation plan for the coastal portion of the Rio

Grande de Loiza was assigned the top priority.

The Flood Hazard Mitigation Plan for Coastal Areas of the Rio Grande de Loiza
was published in September 1980. An implementation program was initiated
quickly, but it required several years of debate before the Legislative
Assembly approved a joint resolution last September authorizing the assignment
of over $36 million over a period of 5 years to resolve the major problems in
that river basin. Some 1,400 families will be .relocated out of the

floodway. With assistance from the National Wéather Service, a flash flood
warning system will be installed to warn the operators of the Carraizo Dam to
open or close their flood gates to provide greater flood storage capacity.

The main channel and the overspill floodway will be cleaned and widened to
provide greater flood capacity. O0ld dikes protecting developed areas will be
restored and new ones will be built to protect other areas. We believe that
this is the largest project of such a nature in the United States. Now we are
making plans to request funding for the second priority mitigation program in

the Rio de la Plata valley west of San Juan.

When the Department's experience at hazard mitigation is combined with the
fact that it maintains a scientific inventory of natural, cultural, and
environmental resources, covering the entire island, in its computer center,
it is understandable why the Department has been assigned the task of dealing
with the vulnerability analyses for earthquakes and hurricanes, under FEMA's
new programs. Using the data already in the inventory, and filling in certain
gaps, a geomorphologist 1s being contracted to identify the areas that appear

to be most susceptible to geologic hazards such as landslides. In cooperation



with the National Weather Service, and using a special grant from FEMA, we
have contracted with the Department of Marine Sciences of the University of
Puerto Rico at Mayaguez to apply the Service's SLOSH model for estimating the
storm surges generated by hurricanes along the coasts of Puerto Rico and the

Virgin Islands.

All of the bits and pieces of information, gathered from various other sources and
evaluated by the specialists in the Department, will make it possible for us to
provide better advice to other government agencies, such as the Planning Board,
the Highway Authority, and the State Civil Defense Agency, for example, concerning
areas to be avoided when considering public investment, where it is appropriate to
sponsor new development, and where natural disasters may be expected to cause the
most damage when they occur. I used the word when rather than if, because Puerto
Rico has experienced such strong earth motion in the past, and the probability is
that they will occur again. Unfortunately, the art of earthquake prediction has
not yet been elevated to a precise science. We can only hope that we will have
time to consider our situation and take appropriate countermeasures to reduce the

level of potential damage.

QUESTSIONS THAT SHOULD BE CONSIDERED

Here are some examples of the matters that might be considered. It is by no means
a comprehensive list, but should give you an idea of specific areas of concern
that may apply to you as individuals, as heads of families, as plant managers,
administrators, or persons with a responsiblity for the safety of children,

patients, or employees.

D Is the average household prepared to meet a major emergency, with
adequate supplies of water, food and other equipment? Does everyone know
where to take shelter? Is there a plan to meet at the home of a friend

or relative if family members become separated?

2) Do our school administrators and teachers know what to do in case of
emergency? Are there regular drills to prepare children to respond to

disaster situations without panic?



3)

4)

5)

6)

7)

8)

" 9)

10)

Do the managers of industrial plants and businesses know how to secure
their equipment and protect their inventories against ground motion so as
to minimize the disruption of production and business activity? Are
their employees assigned responsibilities for emergency situations, with

periodic drills to prepare them to respond in a reliable manner?

Do our hospitals have appropriate training to respond to major
emergencies? Do they have emergency power systems and special
supplies? Are there plans to distribute responsbilities among public and

private facilities in case one or more medical facilities is damaged?

Are our major communications systems equipped with appropriate emergency
power? Are they in safe and adequate structures? Are presses,
transmitter equipment, and other machinery appropriately secured against

being thrown out of alignment or off their racks?

Do government agencies have adequate knowledge of potential geologic
hazards in all areas, so as to be able to discourage development in some
areas or to assure that adequate extra reinforcement is provided if it is

necessary to permit construction in them?

Have our bridges and overpasses been inspected for seismic resistance, so

that measures may be taken to reinforce them against potential failure?

In view of the tremendous capital investment in industrial structures, in
houses, condominiums, office buildings, and the quality of 1life, a major
question is whether the mortgage holders havé adequate insurance to
protect themselves against damages due to a devastating earthquake? Are

government facilities insured?

Are businesses protected against loss of income due to the disruption
caused by a natural catastrophe? 1Is the government protected against

loss of revenues?

Are our utility services prepared to cope with natural disasters so as to

assure continuity of essential services, such as water and electricity?



11) Do our hotels have a disaster emegency plan so that they can provide

shelter and food to local residents?

12) 1Is the insurance industry prepared to provide appropriate protection to
property owners at reasonable, realistic rates? Are there adequate
numbers of adjusters with appropriate training to deal with the

structural damage caused by natural disasters other than floods?

These are among the questions that I believe should be raised in your minds as you
begin to comprehend the potential impacts of a natural catastrophe upon our

current structure of government, business, and society in general.

Since I majored in geology while in college, I am especially pleased to note that
the value of that field of specialized knowledge is becoming more and more
understood and appreciated, particularly as a vital element of the process of

preparedness planning.

1 regret that the pressures of my office will not permit me to remain with you
throughout the conference and its workshops. However, the Department is
represented on several panels, so I will be well informed about the results of
your deliberations, and believe me, I will do my utmost to assure that your

recommendations receive adequate consideration in our mitigation planning.

My best wishes for a successful conference.



INTRODUCTORY REMARKS: THE ROLE OF THE WORKSHOP
FOR IMPROVING THE STATE-OF-PREPAREDNESS IN
ADDRESSING GEOLOGIC HAZARDS

by

Samuel W. Speck
Associate Director
State and Local Programs and Support
Federal Emergency Management Agency
-Washington, D.C. . 20472

INTRODUCTION

It is a pleasure to be here with you at this workshop. Having joined the
Federal Emergency Management Agency (FEMA) last year, this is the first of the
joint U.S. Geological Survey (USGS)/FEMA workshops which I have been able to
attend. As one whose Directorate has responsibility for chairing the Federal
Earthquake Policy Coordinating Committee as well as the Earthquake Committee
of the Emergency Mobilization Preparedness Board, I appreciate this
opportunity to address you and look forward to receiving your postworkshop

position reports.

Integrated Emergency Management

Emergency management, which is what this workshop is all about, is a team
effort. This is clearly seen in a disaster response situation where you have
city managers; fire and police personnel; communications experts; medical
unitsj utility company personnel; building experts; State and perhaps Federal
technical, financial, and emergency management people; and private volunteer
groups such as the Red Cross. Each component has a job to do that depends on

the integration and coordination with others of the total response effort.

An integrated emergency management approach can be applied to all levels of
government and the private sector. It also can be applied to the full

spectrum of potential hazards and emergency activities: mitigation,



preparedness, response, and recovery. Consequently, we must bring together
all these team elements up front in the planning stage in order to prepare

adequately for any sort of a crisis.

In December 1982, FEMA adopted an Integrated Emergency Management System
(IEMS) as a means of more effectively administering its programs and
intergovernmental coordination responsibilities. The system structures all
FEMA activities into a unified national process that applies common management
functions to the degree of capability needed to manage any emergency
conditions that threaten public health and safety, irrespective of the nature
or cause. The use of IEMS in the planning process allows FEMA to focus on the
integration of Federal preparedness programs, on improving coordination among
the Federal agencies involved in the response to various emergencies, and on
the linkage between Federal, State and local preparedness in such areas as
resources management, continuity of government, and resource mobilization for
major domestic and national security emergencies. The system, therefore,
builds on the foundation of existing emergency plans, systems, and
capabilities toward applications that are achievable, practical, effective,

efficient, and predictable.

Hazard Identification and Assessment

In preparing for any and all emergencies, the Federal Government for the most
part identifies hazards and determines theit occurrence probabilities. This
work is done by conducting research to better understand the physical
processes, developing methodologies and techniques used in risk assessment and
mitigation, and promoting public awareness and education. In carrying out
that research and risk assessment function, we at FEMA rely on you in your
State and local planning and response role as well as the assistance of
academic institutions and various professionals, e.g., State geologists and

hydrologists.

Since some hazards like ground failure are associated with both flooding and
earthquakes, measures to deal with such a problem should consider all factors
and causes. At FEMA we are applying the IEMS concept of integration and

coordination beyond the traditional way to plan for a single-hazard program.



Our planning is being designed to encompass all potential hazards and take
advantage of common elements in the response and mitigation of similar

problems.

An Integrated Approach to Earthquakes

In establishing the national Earthquake Hazards Reduction Program (NEHRP),
Congress was fully cognizant of the need for scientists, academicians, and
emergency management planners and managers from both the public and private

sector to work together in an integrated and coordinated multihazard program.

Enacted in 1977, NEHRP provides a comprehensive, integrated national program
to reduce losses of life and property resulting from earthquakes. Although
nearly all Federal agencies contribute to the NEHRP, four principal agencies
are charged to provide a central focus for leading, coordinating, and
conducting earthquake research, hazard mitigation, and disaster
preparedness. These principals are FEMA, USGS, National Science Foundation,

and National Bureau of Standards.

FEMA's assistance to State and local earthquake preparedness programs focuses
on the preparation of response plans that address the extraordinary problems
caused by major earthquakes in high-risk, high-population areas. Earthquake
response planning follows a logical sequence of tasks: assessments are done
on past and potential seismic activity in the area, vulnerability analyses
(loss studies) are made to estimate primary and secondary earthquake effects,
and calculations and projections are carried out regarding the numbers of
possible casualties and injured requiring hospitalization as well as potential
damage to critical and (or) special facilities and lifelines needed for

immediate response.

Using data from the analyses, FEMA assists State and local governments in
determining the resources required for lifesaving and other emergency
operations and in developing response plans. The plans include implementation
measures such as guidelines, procedures, and specific assignments. The final

phase of the planning efforts consists of scheduled training exercises.
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Although this program specifically addresses earthquake preparedness, success

will ultimately depend on the integration of local planning efforts.

Workshops as a Component of Preparedness

These particular joint USGS/FEMA workshops provide an opportunity to bring
together all interests, public and private, to form a better perspective on
the overall problem of disaster preparedness. They have become a significant
part of our NEHRP awareness, education, and planning programs because of the
diverse fields of intgrest represented. To date, joint workshops have been
held in Knoxville, Tennessee; St. Louis, Missourij Charleston, South Carolina;
Boston, Massachusetts; and Little Rock, Arkansas. All have proved informative

and productive.

Among the many benefits derived from these workshops has been the information
presented at the meeting, later contained in the publication of its
proceedings, and continued through dialogue among people from various fields
of interest which takes place on regional seisgic safety panels and
consortiums. The awareness of the topics resulting from discussions at these
workshops will contribute significantly to the preparedness planning process

at all levels of government.
CONCLUSION

Walt Hays, his staff, and all of you who have participated in the planning of
this workshop have done an outstanding job of providing many stimulating
topics for discussion--not to mention the congenial environment--while we are
here. I look forward to meeting you all during the workshop and working with
you in the months ahead to reduce the potential for losses from geologic and

other natural (and manmade) hazards in this region.
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BACKGROUND AND SUMMARY OF THE WORKSHOP ON
"GEOLOGIC HAZARDS IN PUERTO RICO"

by

Walter W. Hays and Paula L. Gori
U.S. Geological Survey

Reston, Virginia
BACKGROUND

The workshop, "Geologic Hazards in Puerto Rico," was held in San Juan, Puerto
Rico, on April 4-6, 1984. The U.S. Geological Survey (USGS), the Federal
Emergency Management Agency (FEMA), the National Bureau of Standards (NBS),
and the Department of Natural Resources of Puerto Rico sponsored the workshop,
which was the twenty-fourth in a series of workshops and conferences devised
in 1977 under the auspices of the Earthquake Hazards Reduction Act. The work-
shop was also supported by the Assistant Secretary for Territorial and
International Affairs, Department of Interior,‘as a part of the President's
Caribbean Basin Inititive. The purpose of the workshop was to strengthen the
capability of the public officials and the scientific~technical community of
Puerto Rico to undertake the multidisciplinary tasks of research, mitigation,
response, and recovery in order to reduce potential losses from geologic
hazards. The strategy employed in the workshop was to identify the base of
existing knowledge on geologic hazards in Puerto Rico and to foster a process
that would improve current research on these hazards and the utilization of
the research results in emergency management and other activities. Also an
effort was made to devise an integrated short- and long~term process which
would link knowledge producers and users (sometimes referred to as a network)

and to strenghten the use of the existing network.

The workshop brought together 105 participants having varied backgrounds in
earth science, social science, architecture, engineering, and emergency
management. The participants (see Appendix A for a list) represented
industry, volunteer agencies, and academic institutions of the Commonwealth of

Puerto Rico, as well as representives of the government of Puerto Rico,
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brought together producers and users of hazards information with the goal of
fostering local-State-Federal partnerships and effective use of existing
information networks. Each of the prior workshops are summarized below to

give insight into the overall process:

The first workshop, "Preparing for and Responding to a Damaging

' was held in Knoxville,

Earthquake in the Eastern United States,'
Tennessee, in September 1981. The Knoxville workshop (described in USGS
Open-File Report 82-220) demonstrated that policymakers and members of
the scientific-engineering community can assimilate a great deal of
technical information about earthquake hazards and work together to
devise practical work plans. The workshop resulted in the creation of a
draft 5-year work plan to improve the state-of-earthquake-preparedness in
the Eastern United States and the birth of the South Carolina Seismic

Safety Consortium.

The second workshop, "Continuing Actions to Reduce Losses from
Earthquakes in the Mississippi Valley Area," was held in St. Louis,
Missouri, in May 1982. It resulted in the identification of specific
actions with a high potential for reducing losses that could be
implemented immediately and the formation of the Kentucky Governor's Task
Force on Earthquake Hazards and Safety. The workshop provided a basis
that eventually led in 1985 to FEMA's Central United States Earthquake
Preparedness Project. The results of the workshop (described in USGS
Open-File Report 83-157) reaffirmed that practical work plans can be

created efficiently by a diverse group of scientists and decisionmakers.

The third workshop, "The 1886 Charleston, South Carolina, Earthquake and

" was held in the Charleston area of South

its Implications for Today,
Carolina, in May 1983. The Charleston workshop had multiple objectives
including: interpretation of scientific information, its use in the
siting of critical facilities, and preparedness measures. The results of
the workshop (described in USGS Open-File Report 83-843) emphasized the
need for a comprehensive integrated research program on eastern

seismicity.
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The fourth workshop, "Continuing Actions to Reduce Potential Losses from
Future Earthquakes in the Northeastern United States," was held at
Massachusetts Institute of Technology, Cambridge, Massachusetts, on

June 13-15, 1983. The workshop (described in USGS Open-File Report 83-
844) identified a need for at least one regional seismic safety
organization in the Northeastern United States to deal with earthquakes

in the context of natural hazards.

The fifth workshop, held in North Little Rock, Arkansas, on September 20-22,
1983, was designed to accelerate the ongoing work of the Arkansas Office of
Emergency Services. It provided a forum for discussion of their activities
to prepare for and respond to a major earthquake such as a recurrence of the
1811~1812 New Madrid earthquakes. The results of this workshop (described
in USGS Open~File Report 83-846) pointed out that no State or region of the
United States is adequately prepared at this time to cope with the effects

of a major earthquake.

DECISIONMAKING AND GEOLOGIC HAZARDS

This workshop in Puerto Rico emphasized the well known fact that understanding
geologic hazards is essential when devising methodologies for reducing future
economic losses and social impacts. The potential losses in Puerto Rico are
increasing annually as a consequence of factors such as: 1) increased
population density living in areas of high seismic risk and in landslide-prone
areas, 2) increased building wealth as a consequence of construction of homes,
schools, hospitals, high rise buidings, factories, utility systems, oil
refineries, and other facilities, and 3) increased vulnerability of old
existing buildings and lifeline systems that were not designed in accordance

with present standards for earthquake resistance.

The choices facing decisionmakers are difficult for three reasons: 1) future
geologic hazards occur fairly infrequently, at uncertain times and locations,
and have great variation in severity and frequency of occurrence, 2) reducing
losses requires integration of technical information in the planning process,
and 3) loss reduction measures costs money and require local-Federal partner-

ships. The options for reducing losses from geologic hazards include:

17



1)

2)

3)

4)

5)

6)

Personal preparedness--prepare on an individual basis for the

consequences that are expected to occur, taking advantage of
efficiencies provided by preparation for other natural hazards such as

hurricanes.

Avoidance--when the characteristics of the hazard are known, select

the least hazardous areas for construction sites.

Land-use regulation--reduce the density of certain types of buildings

and facilities or prohibit their construction within parts of the area

characterized by a relatively high frequency of occurrence or severity

Aof effects.

Engineering design and buiding codes--require buildings to have a

lateral-force-resisting system that is appropriate in terms of the
frequency of occurrence and the severity of the hazard expected in a
given exposure time (e.g., an exposure .time of 50 years corresponds

with the useful life of ordinary buidings).

Distribution of losses—-use insurance and other financial methods to

distribute the potential losses expected in a given exposure time.

Response and recovery~-plan response and recovery measures that will

address all of the needs identified in realistic disaster scenarios.

Decisonmakers and scientists/engineers have different prespectives which

affect decisionmaking. These differences have been summarized by Szanton

(1981) and are as follows:

1)

2)

The ultimate objective of the decisionmaker is the approval of the

electorate; it is the respect of peers for the scientist/engineer.

The time horizon for the decisionmaker is short; it is long for the

scientist/engineer is long.



3) The focus on the decisionmaker is on the external logic of the

problem; it is on the internal logic for the scientist/engineer.

4) The mode of throught for the decisionmaker is deductive and

particular; it is inductive and generic for the scientist/engineer.

5) The most valued outcome for the decisionmaker is a reliable solution;

it is original insight for the scientist/engineer.

6) The mode of expression is simple and absolute for the decisionmaker;

it is abstruse and qualified for the scientist/engineer.

7) The preferred form of conclusion for the decisionmaker is one "best

solution" with uncertainties submerged; it is multiple possibilities

with uncertainties emphasized for the scientist/engineer.

These seven differences are the main reasons that the effort to increase the

capability of a region to reduce losses from geologic hazards must have well

coordinated short- and long-term objectives and involve both the scientific/

technical community and policymakers.

WORKSHOP PROCEDURES

The procedures used in the workshop were designed to enhance the interaction

between all participants and to facilitate achievement of the objectives. The

following procedures were used:

PROCEDURE 1:

PROCEDURE 2:

Research reports and preliminary technical papers prepared in
advance by the participants were distributed at the workshop and
used as basic references.

The technical papers of the participants were finalized after
the workshop and are contained in this publication.

Scientists, social scientists, engineers, and emergency
management specialists gave oral presentations in six plenary
sessions.

The objectives were to: 1) integrate scientific research and
hazard awareness and preparedness knowledge 2) define the



problem indicated by the session theme, 3) clarify what is known
about geologic hazards in Puerto Rico and, 4) identify knowledge
that is still needed. These presentations served as a summary
of the state-of-knowledge and gave a multidisciplinary
perspective.

PROCEDURE 3: The participants were encouraged to respond to the presentations
of the speakers and panelists.

PROCEDURE 4: Discussion groups were convened following the plenary sessions
to discuss the subject in greater detail and to generate
recommendations for future research and loss-reduction measures.

PROCEDURE 5: Ad hoc discussions on topics not addressed during the plenary
and discussion group sessions were encouraged to add a

spontaneous dimension.

PLENARY SESSIONS

The overall theme of the workshop was developed in six plenary sessions.
Three ways of reducing potential losses from earthquakes and other geologic
hazards in Puerto Rico were stressed. They were: 1) increasing personal
preparedness through increased home, school, and workplace safety, 2)
increasing community preparedness through such actions as requiring
appropriate building codes and their enforcement, and 3) identifying and
obtaining Federal government resources for mitigating and responding to
geologic hazards. Special emphasis was given to the discussion of building
codes such as the 1978 Applied Technology Council's model code which provided
a basis for comparison of the ground shaking hazard in Puerto Rico with other
parts of the United States.

The themes, objectives, and speakers for each session are described below:
SESSION I: BACKGROUND, OBJECTIVES, AND GOALS OF THE WORKSHOP.

OBJECTIVE: Description of the background for the workshop and its
objectives and goals.

SPEAKERS: Hilda Diaz Solerto
Sam Speck

SESSION II: THE NATURE AND EXTENT OF EARTHQUAKE AND GROUND FAILURE HAZARDS
IN PUERTO RICO

OBJECTIVE: Presentations giving the geologic setting of Puerto Rico in the
context of the Caribbean Basin. Topics included: a) historical
seismicity in the Puerto Rico area, their frequency of
earthquake occurrence and potential impacts, ground motions
expected for various planning scenarios, and potential tsunami
impacts, b) mass movements as geologic hazards, debris flows and
other ground failures and their correlation with rain fall
distribution, and sinkhole development in limestone areas.
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SPEAKERS:

SESSION III:

OBJECTIVE:

SPEAKERS:

SESSION 1IV:

OBJECTIVE:

SPEAKERS:

SESSION V:

OJBECTIVE:

SPEAKER:

SESSION VI:

William McCann

Walter Hays

Modesto Iriarti

Jose Molinelli

Bernardo Deschapelles—Duque
Alejando Soto

Fernando Gomez-Gomez

RESPONDING TO GEOLOGIC HAZARDS

A panel discussion of the following subjects: a) current
planning activites of local govermment, b) resources available
from local government, c¢) FEMA, Department of Defense, and other
Federal resources that could be committed to assist Puerto Rico,
d) ways the National American Red Cross and other volunteer
agencies would support individual and family assistance, e) the
role of utilities in preparing for an recovering from a major
earthquake, and f) the role of industry in preparing for and
recoverning from a major earthquake.

Antonio Munero
Jane Bullock
Phillip McIntire
Borris Oxman
Miguel Puig
Graziella Seijo

FORMULATING PLANS TO DEAL WITH GEOLOGIC HAZARDS IN PUERTO RICO

Suggestions for improving public education, increasing hazard
awareness, and implementing geologic information in land-use and
emergency response planning.

Risa Palm
Joyce Bagwell
Boris Oxman
Earl Brabb
Alejandro Soto

FORMULATING PLANS TO REDUCE LOSSES FROM GEOLOGIC HAZARDS IN
PUERTO RICO

Suggestions for improving earthquake-resistant design of
structures and lifelines and for developing a community program
to prepare for and respond to a major earthquake.

Leandro Rodriquez
Charles Culver
Samuel Diaz
Claire Rubin
Julia Malave

PUERTO RICAN AND FEDERAL GOVERNMENT PLANS FOR DEALING WITH
GEOLOGIC HAZARDS



OBJECTIVE: Identification of plans for reducing losses from geologic
hazards in Puerto Rico.

SPEAKERS: Juan Lopez
Boris Oxman
Walter Hays
Jane Bullock
Charles Culver

DISCUSSION GROUPS
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