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ABSTRACT

Puerto Rico is in an area of high seismicity, due to the presence of seismic faults around and within the
Island. These faults have the potential to generate earthquakes that cause tsunamis, as occurred in 1918
in the western area of Puerto Rico. Considering that the school population between students and
teachers is around 600,000 people, schools are essential facilities to safeguard against extreme events
on the Island. For this reason, the objective of the research is to evaluate if the schools of Puerto Rico
are vulnerable to tsunamis. To do this, the schools that are in a tsunami hazard zone were first identified
and quantified for all the coastal municipalities of the Island. Then, two municipalities were selected as
case studies in which a vulnerability assessment process was developed, which includes the analysis of
pedestrian routes for the evacuation process and evacuation times to safe places. The study found that
two schools are critical in vulnerability, one in each study municipality with excessive evacuation times
and evacuation routes that are unsafe and unfit for the evacuation process.

INTRODUCTION

Puerto Rico 1s susceptible to earthquakes and consequently tsunamis. Although tsunamis are
rare in Puerto Rico, their historical events, seismic hazards, and other active earthquake-forming
faults pose a potential tsunami-generating threat. According to the National Tsunami Risk
Mitigation Program (2019), Puerto Rico has the highest tsunami danger in the US Atlantic. Due
to the risk of earthquakes that can occur in the Puerto Rico Trench, a dangerous area of
subduction. Tsunamis can have catastrophic impacts on human health and infrastructure in and
out of coastal areas. Some of the infrastructures that may be at risk and be vulnerable are
schools. According to a statistic made in 2015-2016 from the Puerto Rico Institute of Statistics
(2019), Puerto Rico has an approximate total of 2,200 schools between the public and private
sectors along with a population of 600,000 between students and teachers. In this way, this
research focuses on making an analysis of the vulnerability of schools, identifying those that are
in danger and at risk of tsunamis.

Important Concepts Definitions:

« Earthquake - is the oscillatory, rapid, and sudden movement
caused by the release of energy that arises from the interior of the
Earth (Puerto Rico Seismic Network, n.d.).

« Tsunami — is a series of giant, traveling waves that is generated by
large-scale impulsive disturbances on the ocean floor (United
Nations Educational, Scientific and Cultural Organization, 2019).

* Vulnerability — is a measure of the propensity of a community to
suffer losses (Pine, 2008).

OBJECTIVES

The objective of this project is to evaluate the potential vulnerabilities of schools in Puerto Rico
to tsunami events by identifying the schools that are in a tsunami hazard zone, determining
~evacuation times and evaluating the routes of evacuation of these schools.

METHODOLOGY

The methodology consists of four phases that employ: hazard identification (Phase I), case
study (Phase II), vulnerability analysis (Phase III), and analysis of the results (Phase IV).
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Municipalities with schools
located in danger zones
were selected to determine
its  vulnerability. The
municipalities of Catafno and
San Juan were selected
according to the established
criteria.
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III - 1 Vulnerability Assessment — Evacuation Time

[11 - 2 Vulnerability Assessment — Survey to
Schools

Evacuation routes were plotted using “PlotARoute” and the evacuation time was computed for four speeds recommended by the U.S.
Geological Survey (USGS): slow walk (2.46 mph), moderate walk (2.70 mph), fast walk (3.40 mph), and an average walk (2.50 mph). These
analysis was performed for all schools in the municipalities of the study case. Under two scenarios: (1) one is taken from the school until
leaving the tsunami hazard zone and (2) the other is taken from the school until reaching the assembly site.

Google Form was developed and administered to make
an analysis of the vulnerability of schools in general
(not individually by study municipality). By collecting
data from public schools in tsunami hazard zones that
includes the year the school was built, the details of
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For the evacuation routes to be suitable durlng the
evacuation, four conditions were considered:

» That the route moves away from the coast in the shortest

mk Speed( 3:‘1‘)’ 2.50 Walking Speed (meh) » That the route avoids walking parallel to the sea.
alking Speed (mp . . . . g . . .

e e ——————— + That the route avoids possible obstructions to the route;
u Francisco Oller mHorace Mann = Onofre Carballeira = Rosendo Matienzo Cintrén I = Ramon poi’ery Girait = Repiblica Del Perd SUCh as bridges that may COI |apse.

» That the route has adequate width and does not present
obstacles to the pedestrian flow, such as urban furniture.

ANALYSIS AND RESULTS

In evaluating evacuation times, the graphs of Phase 11l summarize the evacuation times (1) until In the evaluation of evacuation routes in Google Earth, the following was obtained:

leaving the hazard zone and (2) until reaching the assembly site at an average walking speed of * The Francisco Oller school in Catafio has two signs that indicate the evacuation route along
2.50 mph. These represent: e
* For the evacuation time outside the tsunami hazard zone (1), the critical schools were  This school crosses a bridge to reach a safe area, to the place of assembly assumed in Phase
Francisco Oller school for Catano and Luis Llorens Torres school for San Juan, with times of 11 (“Estadio Peruchin Cepeda”).
16.04 min and 26.38 min respectively, considering the average speed of 2.50 mph. «  This school runs 46% of the route parallel to the sea.
 For the primary evacuation time elapsed until reaching the assembly site (2), the subcritical »  The Luis Llorens Torres school in San Juan only has one sign on the road.
schools were Francisco Oller school for Catafio and Madame Luchetti school for San Juan, » This school also passes under a bridge but to reach the assumed assembly place, known in
with times of 17.29 min and 49.51 min respectively, considering the average speed of 2.50 the area as “Plaza Barceld”.
mph.  This school runs 62% parallel to the sea of the total route.
* Because the potential hazard of vulnerability for schools lies in leaving the tsunami hazard »  Some segments of the routes of both schools are obstructed by vehicles, street furniture and
zone, those schools with the largest evacuation times until they leave the tsunami evacuation damage to their condition that affects the width available for walking.
zone are considered critical; the evacuation time until reaching assembly site was considered a
secondary condition, since although they are outside the tsunami impact area, this is the site|  The following images represent the signs and obstacles present in both the Francisco Oller
were assistance and help will be channelized (so reaching this site is important). school evacuation route and the Luis Llorens Torres school evacuation route.
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CONCLUSIONS AND RECOMMENDATIONS

The results of the evacuation times indicate that the schools with the longest times to leave the tsunami
hazard zone are critical and vulnerable to a tsunami event. These show that schools in San Juan are more
vulnerable than schools in Catano. The characteristics of the evacuation routes evaluated using Google
Earth Pro for the two most critical schools are not suitable for transit during the evacuation process due to
the criteria used in the evaluation. Because both routes do not meet the evaluation conditions: they do not
leave the coast in the shortest possible time, they walk parallel to the sea and cross obstacles that prevent
a continuous passage. In this way, Google Earth Pro in conjunction with ArcGIS and PlotARoute are
useful to perform analysis and evaluation of the conditions of the characteristics of schools. The results of
the forms validate the established assumption regarding the assembly places. As a recommendation, it
would be ideal to include layers with the geolocation of private schools (not available at the time of this
study), stimulating getting the answers from the school that received the Google form, and to extend the
study to include all the municipalities with schools in tsunami evacuation areas. Loiza and Mayagiiez are
considered a high priority. A detailed evaluation of the physical condition of walkways, and their redesign

\E) provide adequate pedestrian transit condition is advisable.
4

FUTURE WORK AND EXPANSION OF THE RESEARCH

Those aspects of the project with potential for improvement and expansion are the following:

« Evaluate the possibility and requirements for vertical evacuation of critical schools.

« Evaluate alternatives to include site and building characteristics in the vulnerability analysis
(i.e., compliance of buildings with earthquake resistance design codes).

« Perform an investigation of human and geometric factors that may affect the initial gathering
time and pedestrian flow, and develop a more refined model to estimate the total evacuation

- time. This is a spin off research project under development. /
—
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