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INTRODUCTION

The enactment of the Federal “Coastal Zone Management Act” of 1972 marked the starting
point for the development of the Puerto Rico Coastal Zone Management Program (PRCZMP)
which became the coastal element of the Puerto Rico Land Use Plan (PRLUP)Z2 on July 12,
1978 with the approval of Resolution PU-002 by the Puerto Rico Planning Board (PRPB) and
the Governor of Puerto Rico. The plan was certified by the U.S. Department of Commerce
through the National Oceanic and Atmospheric Administration (NOAA) in September 1978.

PRCZMP’s development process began in 1972 with an analysis from various perspectives,
including the input from citizens and interest groups. This exercise paved the way for the
publication of “Puerto Rico and the Sea”, a first-of-its-kind look at harmonizing
socioeconomic development with the conservation of natural resources. Another document,
the Culebra Segment, took the same approach, but paying particular attention to the rational
use of coastal resources. This document was eventually adopted in March 1977 as the first
component of the PRCZMP.

Planning efforts for the comprehensive management of the coastal zone continued and the
results were integrated to the Declaration of Objectives and Public Policies of Land Use
issued by the PRPB in 1975. This was the first element of the Land Use Plan which was
established as a mandate in the “Organic Law of the Puerto Rico Planning Board” or Law No.
75 of 1975.

The Objectives and Public Policies of the PRLUP (OPP-PRLUP) were adopted by the PRPB on
June 8, 1977, and approved by the Governor in June 22, 1977. The OPP-PRLUP became the
basis in which the state’s legal authority over the PRCZMP was established. In 1995, the OPP-
PRLUP was updated in order to include three components relevant to the PRCZMP: elements
of sustainability, comprehensive management of watersheds as well as the management of
coastal areas and resources.

The OPP-PRLUP has been amended in recent years to include further state regulations for
the protection of natural and environmental resources, which has forced a needed revision
and actualization of the PRCZMP as well as a need to clarify its function at the local and
federal levels.? Included in these new laws are the “Commonwealth of Puerto Rico Land Use

1Pp.L.92-583, as amended.

2 Qver the years, in different laws and regulations as well as in formal PRPB and Commonwealth of Puerto Rico
agencies documents there are small variations to the name of the “Puerto Rico Land Use Plan”. Among the variations
that can be found: Land Use Plan, Use of the Land Plan, and Uses of the Land Plan. It is understood that, in spite of
the small differences in the names, it refer to the same legal or practical concept included in the “Organic Law of the
Puerto Rico Planning Board”, supra, as amended, the “Law of Autonomous Municipalities” of 1981, as amended, and
the “Law for the Land Use Plan of the Commonwealth of Puerto Rico” of 2004.

3 This revision and update does not establish additional public policies, it only incorporates the ones already

established in the OPP-PRLUP (1995), which were added by means of routine program change (RPC) to the PRCZMP
in 2003.
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Plan Act”, Law No. 550 of 2004; the “Puerto Rico Environmental Public Policy Act”, Law No.
416 of 2004%; and the “Public Policy Law on Sustainable Development”, Law No. 267 of 2004.

The public policies established in the PRCZMP are applicable to the geographic, land and
maritime areas determined as the coastal zone of the Puerto Rican archipelago, legally
defined as:

Strip of coastal land one thousand linear meters (1,000 m) inland, measured from the
coast line, as well as additional distances needed to include key coastal natural
systems. It also includes territorial waters of Puerto Rico and the marine or ocean floor
(three marine leagues, nine nautical miles or 10.35 land miles), the islands of Vieques,
Culebra, Mona, Monito, Desecheo, Caja de Muertos and all the keys and islets within
them.

At the federal level, the process of updating and revision of the PRCZMP, includes: (1)
mechanisms provided in the CZMA, (2) the Bylaws of the Coastal Management Program
included in Section 923 of Title 15 of the Code of Federal Regulation (15 CFR 923)° and (3)
federal guidelines issued by the NOAA to these effects. These mechanisms provide for two
types of updates or revisions: (1) amendments and (2) Routine Program Changes (RPC).®

NOAA'’s guidelines establish the administrative procedures that the Government of Puerto
Rico should follow in order to amend or execute changes to the PRCZMP. They also establish
the mechanisms to incorporate other programs, as in the case of the “Puerto Rico Coastal
Nonpoint Pollution Control Plan” (PRCNPCP). The Plan was approved by the NOAA and the
Environmental Protection Agency (EPA) in October of 2000, under the dispositions of the
Section 6217 of the amendments to the CZMA.”

This process uses the three mechanisms previously mentioned (RPC, incorporation and
amendments) and reflect all the legal authorities or state public policies firmly established,
some of which have not been recognized by the CZMA.

This process of revision and update will serve various dependencies of the federal, state and
municipal governments as well as non-government organizations (NGO) and community-
based groups. At the federal level, NOAA is the agency in charge of certifying the PRCZMP.
Once approved by NOAA, the federal agencies will be subject to the Federal Consistency
Requirements? established in the CZMA for all authorities or state public policies included in
the same. These are applicable to projects owned by the federal agencies, the permits they

4 In compliance with the first two stages of the law, the PRPB is preparing a new “Land Use Plan for Puerto Rico”.

5The federal regulation in 15 CFR 923 can be acceded through the Web at the address:
[http://ecfr.gpoaccess.gov/cgi/t/text/textidx?c=ecfr&sid= 2477ca7ecb2c56b4661e856f4040
7210&rgn=div5&view=text&node=15:3.1.2.2.12&idno=15].

6Previously known as RPI, for “Routine Program Implementation”.

7In spite of having been approved both by NOAA and EPA in 2000, the PRCNPCP has not been incorporated to the
PRCZMP. For this reason, the dispositions of the Plan are not necessarily subject to the dispositions of Federal
Consistency of the PRCZMP.

8Refer to the CFR Part 930, that could be acceded through Internet in the address:
[http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr;sid=702edba681e10e1le0c534beb3d0a

78dc; rgn=div5;view=text;node=15%3A3.1.2.2.13;idno=15;cc=ecfr].
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concede, as well as other federal agency activities in Puerto Rico, including the appropriation
of federal funds.

At the Commonwealth level, the Department of Natural and Environmental Resources
(DNER), through its Coastal Zone Division, is the agency responsible for the implementation
of the PRCZMP. The PRPB is responsible for the approval of the PRCZMP at the local level as
well as the administration of the Federal Consistency Requirements process. Other
commonwealth agencies with direct and fundamental responsibilities associated with
promoting and overseeing that sustained development takes place in the coastal zone are
the Regulation and Permits Administration (RPA) and the Environmental Quality Board

(EQB).

Likewise, there are administrative and area management responsibilities which fall on
different agencies of the Commonwealth of Puerto Rico and its municipalities. Therefore, in
this process of update and revision, the emphasis is on updating the legal base, the
clarification of the institutional structure and the clear establishment of the agencies’
responsibilities at the commonwealth and municipal levels.

During this process, consultations and informal interviews were conducted with key agency
officials for the administration of coastal resources, members of the academia, groups of
users and NGO. This consulting process was complemented with the results of public
meetings, geared toward presenting the document and collecting comments from the
community, held on the Main Island, Culebra and Vieques, during the month of September of
2008. Since the objective of this revision and update is to have a dynamic document, any
pertinent information will be added as it becomes available.

The information included in this document is presented in six chapters. Chapter 1 covers a
general view of the coasts of Puerto Rico; Chapter 2 presents the PRCZMP as the coastal
element of the PR-LUP, and Chapter 3 presents the main issues which impact coastal
management and includes some suggestions to address them. Chapter 4 presents the
elements of the PRCZMP, and Chapters 5 and 6 present the segments of Culebra and Vieques,
respectively.

The segments of Culebra and Vieques include public policies, actions, recommendations and
maps, and with the revision and update, become an integral part of the PRCZMP®. These
segments complement the set of established public policies established for the scope of
application or jurisdiction of the Program.

The appendixes and maps that support the analysis have been revised as well as the
proposed actions and recommendations included on the PRCZMP.

This PRCZMP incorporates some substantive issues relevant to the adequate management
of the coastal resources that were not taken into consideration at the time of the PRCZMP’s
initial approval in 1978. Among these issues are sustainable development, the watershed as
a planning unit and non-point sources of pollution as a critical issue.

9The Segment of Culebra was a separate document because it had been approved prior to the PRCZMP document.
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2.1 SUSTAINABLE DEVELOPMENT

As a philosophical or technical concept, the term “sustainable development” is defined by the
International Council of Local Environmental Initiatives (ICLEI) as “the development which
offers basic environmental, social, and economic services to all the members of a community
without endangering the feasibility of the natural, man-made or social environments vital to
offering these services to present and future generations.” In addition, it is an intelligent,
scientific, planned, systematic, long range, participative and inter-generational process of
justice. Sustainable development implies improvement in the quality of life within the limits
of the ecosystems (IUCN, 1991).

Several models about the philosophical or technical conceptualization of this term recognize
three dimensions in the sustainable development: the economical, the social and the
ecological.

ILLUSTRATION 1. SUSTAINABLE DEVELOPMENT DIMENSIONS10

Dimensions of sustainable developm

Ecological
integrity and
environmental

Economic
development

Social equity Benefits and
socio-ecological
costs

Desarrollo

sostenible o
sustentable

Benefits and
socio-economical
costs

Benefits and eco-
efficiency costs

Each dimension has its own objectives. Ecological sustainability [or environmental
protection] pretends to maintain the essential processes of sustaining life, taking into
consideration the capacity of regeneration and recovery of the ecosystem.

Economic sustainability [or economic development] attempts to maintain the volume of
natural and artificial capital and its flow in appropriate levels in order to guarantee

10 The three components of the [IDEAL] concept of sustainable development: the priority of the action should take
place after visualizing the consequences of movements clockwise, as well as counterclockwise departing from each
vertex. The focus emphasis of each participant should consist in looking for the long term balance according to the
nature of the project or action, and of each one’s mission.

Puerto Rico Coastal Zone Management Program Page | 4
Revision and Update



productivity of assets while taking into account the investment required to compensate for
depreciation.

Social equity [or justice] highlights the investment in human knowledge and other forms of
social investment that sustain organizational and institutional structures. The social element
refers to the idea that the protection of the environment and economic sustainability cannot
take place at the cost of the population, and special attention should be taken to avoid
circumstances in which specific groups could end up on the fringe or physically, politically or
socio-economically displaced. In other words, sustainable development should guarantee
social equity. The main idea behind sustainable development is the integration of these three
dimensions in order to satisfy present needs without affecting the capacity of future
generations to satisfy their own needs.

The term sustainable development, as a legal concept in Puerto Rico, was adopted in three
laws approved in 2004:

o “Puerto Rico Environmental Public Policy Act’, supra, defines sustainable
development in Title VII (Of the National Day of Environmental Awareness and
Reflection, Article 64, Definitions):

“a development that satisfies present needs without endangering the needs of future
generations. It is a process in which the economic, fiscal, commercial, energetic,
agricultural, industrial, and other pertinent public policies, are formulated in order
to achieve a development sustainable from the economic, social and ecological
points of view. Forms of economic development and activities that do not degrade
or exhaust the natural resources needed for life as well as present and future
economic development.”

o “Public Policy Law on Sustainable Development”, supra, establishes the public policy
of sustainable development in Article 2:

“The Commonwealth of Puerto Rico declares that it is a continuous policy of the
Government, including the municipalities, in cooperation with the interested public
and private organizations, the use of all means and practical measures, including
technical and financial assistance, as well as the best available practices and
technologies, with the purpose of encouraging and promoting the sustainable
development of Puerto Rico. Human beings should be the focal point of this
development as they have the right to productive and healthy lives in harmony with
nature”.

o “Commonwealth of Puerto Rico Land Use Plan Act”, supra, integrates the concept of
sustainable development in its public policy, in such a way that the PR-LUP serves as
the main instrument in the planning of the Commonwealth and is conducive to
sustainable development, complying with the “Puerto Rico Environmental Public
Policy Act”, supra, in the context of Section 19, Article VI of the Constitution of the
Commonwealth of Puerto Rico.
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2.1  WATERSHED AS A PLANNING UNIT

The coastal area is not disassociated from the rest of the Island, particularly, from those
decisions and activities that take place within its interior. Therefore, adequately planning for
the coastal zone needs to integrate all the elements that, in any way or form, have a bearing
on the territory.

The watersheds, comprising from the interior areas of Puerto Rico to the coastal zone, are
considered an adequate planning unit. This is the reason why it is important to include the
watersheds as the planning unit within the sectors that comprise the costal territory. From
this perspective, the watersheds provide an adequate framework to address the issue of
non-point sources of pollution.

2.1 NON-POINT SOURCES OF POLLUTION AS A CRITICAL ISSUE

A critical subject that will require major attention in the revision and update of the PRCZMP
is the pollution by non-point sources in the coastal zone. The Coastal Nonpoint Source
Pollution Control Program was established by the U.S. Congress in 1990 and it requires the
states and territories receiving federal funds to manage local coastal zone programs to
establish programs to control pollution from non-point sources on the zones.

As part of the aforementioned effort, on February 8, 1999, the Governor of Puerto Rico
signed Executive Order (EO) 1999-08, to establish a public policy for the control of pollution
from non-point sources in the coastal zone of Puerto Rico, to adopt obligatory management
measures and to require the departments and agencies of the Commonwealth to comply
with the EO. At the same time, the EO dictates the establishment of an Interagency
Committee for the Control of Pollution from Non-point Sources, whose responsibilities
include the creation and implementation of the plan called, “Puerto Rico Coastal Nonpoint
Pollution Control Plan” (PRCNPCP). This Plan was approved by NOAA and the EPA in
October of 2000, and is jointly managed by the DNER and the EQB.

In August of 2002, an Executive Report known as Coastal Zone Pollution by Nonpoint Sources
Control Plan: Report of Accomplishments Three (3) Years After Signing Executive Order No.
1999-08, stated the following:

“Due to the size of the island of Puerto Rico and its mountainous terrain, everything
that takes place in high areas will eventually have an impact or will affect coastal
areas. The Plan is being implemented and developed across the island. This way,
control of pollution caused by the categories of nonpoint sources [urban,
agricultural, marine, hydro-modification, and mining] generated in the island’s
interior regions or areas is promoted. Regarding agriculture, the Plan is being
implemented based on geographic priorities, especially on the most polluted
hydrographic basins with a greater need of restoration.”

The limits of land management area (LMA) or applicability of management measures (MM)
for soil erosion control and the prevention of sedimentation of water sources by the
PRCNPCP is the entire island. The ground scope applicability of the PRCNPCP covers 1,000
inland linear meters, measured from the coast line, as well as additional length needed to
include key coastal natural systems.
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When the PRCNPCP was developed, it was considered and proposed to expand the LMA of
the PRCZMP to the entire island. The proposal represented a major change to the PRCZMP,
due to the implications to extend the process of coastal management to the whole island. As
a result, the Government of Puerto Rico successfully asked for approval of the PRCNPCP as a
separate plan.

Nevertheless, due to implications of extending the coastal management process to the whole
island, this revision and update process of the PRCZMP does not contemplate the expansion
of the ground scope of the PRCZMP. Therefore, topics associated with the nonpoint sources
of pollution are detailed in the Coastal Waters section of this report.
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Chapter I. OVERVIEW OF PUERTO R1C0O’S COASTAL ZONE

1.1 GENERAL PHYSICAL CHARACTERISTICS

Puerto Rico is an archipelago comprised of a main island, two lesser inhabited islets and a
series of cays and reefs located in the northeastern corner of the Caribbean region, just to
the east of the Greater Antilles and between the Atlantic Ocean and the Caribbean Sea. The
coordinates that define its center are 18°15’ North and 66°30” West.

The island of Puerto Rico has an approximate area of 903,900 hectares!! with dimensions of
191.5 km long by 62.7 km wide, covering a total area of 8,928 km?. Aside from the Main
Island, there are two other islands in the archipelago that are inhabited: Vieques and
Culebra. Other uninhabited smaller islands are Mona and Monito and the islets of Desecheo,
Caja de Muertos, Isla Pifieros, Palominos, Sardinera, Cayo Icacos and Isla de Cabras.

According to the 2000 Census, Puerto Rico’s population was 3,808,610 with a population
density of 429 inhabitants per km?.

1.1.1 ORIGIN AND COMPOSITION OF THE ISLAND

Puerto Rico was formed as a result of volcanic activity about 135 million years ago, and has
never been physically united to a continent. In geological terms, Puerto Rico is considered a
young island.

Geologically, the Island is composed of three igneous provinces: North igneous province
(~112-55 Ma!2), Central igneous province (~65-144 Ma) and South igneous province (~144-
195 Ma). These are distinguishable by their composition and geological age, being the South
province where the oldest rocks are found (Complejo Sierra Bermeja). These provinces have
their origin in volcanic eruptions during the Caribbean’s development.

Moreover, the Island has three geomorphological, or of distinguishable embossment,
provinces or regions: the central mountainous interior (upland province), the karst region
and the coastal plains.

The central mountainous interior arises from tectonic activity during the Island’s evolution.
This is the largest of the three geomorphological regions since it covers approximately 40%
of the Island.

The karst region is located north and south of the Central Mountain Range and covers about
27.5% of the Island’s surface, although other scattered limestone deposits can be found.
Nevertheless, the most significant limestone formations are found in the Northern Karst
Region.

11 This is the equivalent of 23 million cuerdas. A cuerda equals 0.9712 of an acre or 0.3930 of a hectare.
12 Ma=Megannum or one million years
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The coastal plains were formed as a result of various factors, including: the successive
inclinations of volcanic mass, the mountains’ erosion, the accumulation of alluvium in the
rivers’ mouth and its eventual redistribution by the waves’ actions and marine currents, reef
formation and sea level variations through geological time. The coastal plains comprise
about a third of the Island’s total area.

1.1.2 THE ISLAND’S CLIMATE

Precipitation in Puerto Rico is determined by wind patterns that blow from the northeast
and by the mountainous topography. The highest precipitation is registered in the Central
Mountain Range, specifically in the Luquillo Range (Sierra de Luquillo), a spur from the
Central Mountain Range located to the east. Rainfall in the area can reach up to 150 inches a
year, particularly in the National Rain Forest, known as El Yunque, with an average of more
than 200 inches annually.

Rain activity is mainly concentrated in the coastal plains of the West, Southeast and North
which have a higher reported rainfall than the Southern and Southwestern plains. In the
North coastal plains, and in the East and West coastal valleys, rainfall is moderate averaging
between 60 and 70 inches a year. In the Southern coastal plains, the rainfall pattern is low
with less than 40 inches a year. The Lajas Valley (Valle de Lajas) can be found there, which,
generally, receives less than 30 inches of rain annually.

Rainfall patterns influence the distribution of vegetation, thus making the typical vegetation
in the north to be of a humid subtropical forest while in the West and Southwest the
vegetation is representative of a subtropical dry forest.
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1.1.3 NATURAL SYSTEMS

Aside from the afore-mentioned meteorological factors, Puerto Rico’s shape and location,
and the extension of its insular platform, influence the type and location of the natural
systems located throughout the coast.

Water conditions - salinity, temperature, clarity and currents- of the southeast, northeast
and southwest zones, favor the development of coral reefs and mangroves along the coast.

In the southern coast, the island shelf is wider and there are islands and islets that protect
the coast from the direct impact of waves and allow the formation of mangroves and coral
reefs.

In the North coast, however, the littoral is exposed to the open sea where ocean currents are
stronger and the waters are deeper and less clear, thus coral reef formations are scarce. In
this coast, mangroves occur in smaller proportion to the South and are observed in the river
margins, bordering brackish water lagoons and where there are sand dunes to cushion the
impact of waves. Another factor limiting the growth of coral reefs in the North coast is the
sediments washed from the interior by the rivers of major flow.

The coastal zone is marked by very productive biological systems, particularly where land
and sea meet. In these areas, the wave action, the silt - found in the alluvial material drawn
from the interior - and shallow waters, create highly productive biological systems.
Estuaries, which are areas where rivers meet the sea, are also highly productive coastal
ecosystems.

Other resources and systems found on the coasts are: dunes, beaches, forests, fresh and
saltwater lagoons, mangrove swamps, salt marshes, bays, islets and cays. Moreover, in some
of the Island’s coastal lagoons, the presence of micro-organisms which exhibit the
phenomenon of bioluminescence can be observed.

In the coastal zone of Puerto Rico there is also a variety of features of karst topography,
particularly in the north, northwest and southwest, among which are: cliffs, caves, haystack
hills (mogotes), littoral cavities, sinkholes and ramparts.

1.1.4 DESCRIPTION OF COASTAL SECTORS

According to the socioeconomic, ecological, geological and topographic characteristics, the
coast of Puerto Rico can be divided into eight coastal sectors. Seven are located on the Main
I[sland: North, Northeast, Southeast, South, Southwest, West and Northwest, while the eighth
sector corresponds to the adjacent islands.

North Sector: from the Rio Grande de Arecibo to Boca de Cangrejos in
Carolina: 37,097 hectares

The northern sector of Puerto Rico’s coastal zone includes the San Juan Metropolitan Area
(SJMA) and neighboring cities. The SJMA is located in the eastern part of the northern sector,
being the largest urbanized area in the Commonwealth. Its main economic axis is the capital
city of San Juan, with the highest population density of 3.509 inhabitants/ km?. This has
generated a continuous demand for the use of flat lands.
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This sector also includes some of the major-flowing rivers on the Island and the largest
groundwater system. These factors have precipitated the settlement of a large number of
pharmaceutical and chemical plants in this sector.

Much of the land in the sector is low and flat, and periodically flooded, leading to the
formation of swamps, marshes, freshwater and saltwater ponds and extensive mangroves.
Among the most important wetlands in the sector - which have been designated as natural
reserves - are Cafio Tiburones, Laguna Tortuguero, Cibuco and Las Cucharillas.

Cafio Tiburones and Laguna Tortuguero are composed mostly of freshwater biological
communities. Laguna Tortuguero is an ecosystem of great importance since it is the largest
freshwater lagoon on the Island and features a vast array of flora and fauna. Within the
range of plant species (600), some are rare and endemic to this place (35). In the northern
sector, a Pterocarpus forest (Pterocarpus officinalis) can also be found in Dorado.

The topography of the North Coast sector is mostly flat with extensive haystack hills. In the
past, the fertility of these flat lands encouraged a great deal of agricultural activity including
the intensive cultivation of sugarcane and pineapple.

The northern coastal plains consist, predominantly, of sand with minor amounts of clay.
These sedimentary deposits gradually descend from the mountainous interior and from the
northern karst, to the Atlantic Ocean. Most deposits are encountered along the alluvial plains
and old river tributaries. In rivers mouths, and areas near them, beach sand consist mostly of
quartz particles and rock fragments and exhibit significant magnetite content, which
accounts for their dark gray color.

To the east of the northern sector, in the Dorado area, the sand is mainly composed of
calcareous detritus (shells, coral, etc.), quartz and volcanic rock fragments.

Northeast Sector: from Boca de Cangrejos in Carolina, to Rio Demajagua in
Ceiba: 36,900 hectares

This sector includes the most extensive mangrove forests on the Island (about 1,963
hectares) and several saltwater lagoons (approximately 381 hectares) conducive to
commercial and sport fishing. Its topography is predominantly flat, from Boca de Cangrejos
to Punta Percha in Luquillo, with some hills and valleys formed by the extensions of the
Luquillo Mountain Range which slopes toward the coast. This is the only coastal sector that
contains four lagoons: Pifiones, Torrecilla, Aguas Prietas and Grande. Among the mangrove
areas, the Pifiones mangrove forest is the most significant.

To the east, the wide insular platform favors the proliferation of coral reefs. In it lies a chain
of small islands and cays that are part of the Arrecifes de la Cordillera Natural Reserve. Other
natural reserves in this sector are: Pifiones State Forest, Corredor Ecoldgico del Noreste,
Cabezas de San Juan and Rio Espiritu Santo.

The rocky and coral reefs protect this sector’s coastlines. Their presence makes for calm
waters and the conditions are favorable for the formation of sandy beaches. In the Northeast
coast, 78% (45.8 km) of coastline is composed of white sand beaches. The conditions of the
sector - wide insular platform, and the presence of reefs and mangroves - sustain an ideal
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environment for recreational activities. Another tourist attraction in this sector is the El
Yunque National Forest.

The potential for tourism development and the continued demand for private housing have
led to the construction of hotels and resorts as well as other residential zones in this coastal
sector. Currently, the systematic growth of the SJMA heading eastward continues to generate
increased demand for lowlands. Moreover, this is the sector Puerto Rico’s coast with the
greatest number of nautical facilities, which historically has transformed it into one of the
most attractive spots for nautical tourism.

Southeast Sector: from Rio Demajagua in Ceiba, to Rio Grande de Patillas:
1,570 hectares

The Southeast coast alternates between rocky lands formed by marine erosion and valleys or
alluvial material that produce extended beach plains as a result of waves and marine
deposits. North of Punta Lima, the coastline consists of mangroves, rocky lands, several small
coastal plains and hidden beaches. This part of the Island is surrounded by an insular
platform, with an abundance of coral and marine organisms that extend eastward to near the
Virgin Islands.

The average annual rainfall is high, fluctuating between 55 to 80 inches. Rivers abound and
pass through narrow valleys. The Maunabo valley, located between the mountain ranges of
Cuchilla de Panduras and Sierra de Guardarraya, is of particular significance.

This sector is home to four natural reserves: El Pantano, Bosque de Pterocarpus and Lagunas
Mandry and Santa Teresa; Punta Yeguas; Humedal Punta Tuna and Punta Viento.

Also, the Natural Protected Area Daguao y Medio Mundo is located in this sector. This area
occupies 40% of the former Roosevelt Roads Naval Base. This area is comprised of 3,480
hectares for which there are government initiatives focused on tourism. The Port of Yabucoa,
which includes facilities to receive crude oil and for the shipment of fuel oil, can also be
found in this sector.

South Sector: from Rio Grande de Patillas to Rio Tallaboa in Pefiuelas: 56,136
hectares

This is an arid sector consisting essentially of an alluvial plain. There is one exception, a
narrow mountain strait between Tallaboa and Punta Cuchara, where the mountains stretch
towards the coast, which has been formed by erosion from the waves and the reefs that line
it. The rest of the coast is composed of beach plains and mangroves. The rivers in this sector
have short banks and carry large amounts of sediments that are deposited on the coast.

Gravel and boulders are typical materials of these alluvial fans, which are concentrated along
the shore line, where smaller particles are removed and transported to other places by the
waves or littoral currents. Unlike the beaches of the north, the southern coastal plains
consist of rocks and lack sand and longitudinal dunes. Also, the absence of large lagoons in
the South coast is noticeable.

West of Ponce, the plains are highly fragmented, interrupted by rocky points mostly
composed of limestone material.
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The following natural reserves can be found in this sector: Punta Petrona, Arrecifes de
Guayama, Caja de Muertos and Punta Cucharas in Ponce, as well as the Jobos Bay National
Estuarine Research Reserve (JOBANERR).

The municipality of Ponce is in this sector and has a population density of 620 inhabitants
per km?. This is considered the second most important port city in Puerto Rico, after San
Juan.

Southwest Sector: from Rio Tallaboa in Pefiuelas to Punta Guaniquilla in Cabo
Rojo: 44,359 hectares

The topography in this area is generally mountainous, with the exception of the plains near
Tallaboa, Guayanilla, Guanica, Pole Ojea, west of La Parguera and Boquerén. The rainfall is
very low (35 inches per year), which promotes a xerophytic vegetation!3 that is abundant
along the coast.

In this sector, the insular platform is relatively wide and there are no water bodies with
major flow discharging in these shores. This environment creates conditions conducive to
the development of coral reefs and bioluminescent lagoons. In the coastal waters of this
sector there are fishing areas, where the catch is more abundant than the rest of Puerto Rico.

The Southwest sector has significant natural resources, among which are: the Gudnica State
Forest; the mangrove swamps of La Parguera, Boquerén and Pitaya; the bioluminescent bay
in La Parguera; the reefs of Margarita and Turrumote; the Cabo Rojo National Wildlife
Refuge; and the beaches of Caria Gorda, Bahia Ballena, EI Combate, Caleta Salina, Punta
Ventana and Boquerdn. Approximately 16 km of this sector’s coastline consist of sandy
beaches.

The scenic attractions of this sector have generated a high demand for land for the
construction of second homes, hotels, condo-hotels and other facilities for tourism and
recreational activities. This development tendency is mainly seen in the western portion of
the sector. Meanwhile, the eastern part of the sector, in the Municipality of Pefiuelas, is home
to the facilities of an abandoned oil refinery, known as the Commonwealth Oil Refining
Company (CORCO), and a petrochemical manufacturing complex. Some of these facilities are
in disuse, while others are utilized as a terminal for maritime transportation and storage of
crude oil and derivative products.

West Sector: from Punta Guaniquilla in Cabo Rojo to Rio Culebrinas in
Aguada: 28,657 hectares

The western sector is characterized by valleys defined by mountain ranges descending to the
coastline. This sector receives the highest amount of rain per year, between 65 to 90 inches.
For this reason, the main valleys of the area, like Afiasco, Guanajibo and Culebrinas, have
great agricultural value.

13 Desert type vegetation
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In the south portion of this sector, beach plains are predominant. North of Punta Guanajibo,
there are other coastal features among which are rocky shores, mangroves and reefs. In this
sector, the coasts are sandy because the rivers supplying them are longer and with channels
which are less steep. Therefore, more sand and fewer rocks are carried into the sea. Among
the natural areas found in this sector are Cario la Boquilla and Tres Palmas.

The Municipality of Mayagiiez is located in this sector, between Punta Guaniquilla and Rio
Culebrinas. Mayagiiez is considered the third most important port city in Puerto Rico, after
San Juan and Ponce.

Northwest Sector: from Rio Culebrinas in Aguada to Rio Grande de Arecibo:
25,909 hectares

This sector is characterized by having a mountainous interior and cliffs along the coast.
Some of these cliffs have a height of more than 91 meters and are a major tourist attraction
due to the beauty of the landscape. Sand dunes and sandy beaches are also a major part of
this.

In the Northwest sector, there are cliffs that have been shaped by erosion caused by the
wave break. Throughout most of the coast, the cliffs stretch hundreds of meters inland with
beach plains separating them from the sea. In the area of Isabela there are extensive areas of
sand dunes. However, the area has been subject to the removal of large quantities of sand,
which has adversely impacted these resources.

East of Isabela, the beaches are generally narrow and consist of thin layers of sand found on
the rocky coast (eolianite). Despite the existence of numerous rock formations that separate
these beaches, adjacent sand dunes supply most beaches.

Adjacent Islands: Vieques, Culebra and Mona are Puerto Rico’s main adjacent
islands: 21,983 hectares

The main islands that make up the archipelago of Puerto Rico are Vieques (13,335 hectares),
Culebra (2,818 hectares) and Mona (5,491 hectares). Vieques and Culebra are located east of
the island of Puerto Rico and Mona is located to the west. Within this sector, the islands of
Vieques and Culebra are the only ones inhabited. In both, the topography is very similar and
characterized by small hills.

Culebra is considered an archipelago; composed of the main island and cays: Luis Peria, Lobo,
Lobito, Culebrita, Norte, Botella, Geniquis, Pirata, Peld, Matojo, Alcarraza and Stevens Rock.

Precipitation in Vieques and Culebra is low and vegetation is semiarid, much like the south
coast of Puerto Rico. Part of its coastlines, are lined with mangroves and clear coastal waters
contribute to the presence of coral reefs. These coastlines provide favorable conditions for
marine life and recreational activities. To the south of Vieques is a bioluminescent bay, which
has been designated a Nature Reserve.

Both Vieques and Culebra were used as firing ranges by the U.S. Navy to carry out their
military practices. In Culebra, the Navy’s departure became effective in 1975 and, as a result,
nearly 25% of its land was designated as a National Wildlife Refuge. Another protected area
in the Municipality is the Canal Luis Pefia Natural Reserve.
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Military activities in Vieques ceased in 2003. Most of the land was designated as a National
Wildlife Refuge and others were transferred to the Puerto Rico Conservation Trust (PRCT).
Portions of these lands were included in the EPA’s Superfund Program in 2005, due to
contamination caused by decades of military exercises.

Mona Island is, predominantly, a limestone plateau surrounded by uninterrupted cliffs and
stretches of beaches. The low rainfall and the soil’s extreme porosity contribute to the
existence of dry forest vegetation. The island is uninhabited and, both, the flora and fauna
include many endemic species. This island has a great natural value recognized by several
designations, including: Natural Reserve, Insular Forests, National Natural Landmark,
National Historic Landmark and Historic Site, among others.

Facing the Northwest coast, there is a segment of the Central Mountain Range submerged
millions of years ago, and the island of Desecheo is a peak of that ancient mountain range.
South of Ponce, the island of Caja de Muertos has a volcaniclastic composition and is covered
with limestone. The other small islands, which are of predominantly coral origin, are
uninhabited and possess similar natural conditions to the islands listed above.
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1.1.5 COASTAL SECTORS AND WATERSHEDS IN PUERTO RICO

The topography of the Island is characterized by its descent from the higher parts in the
central mountainous interior, through the karst area consisting of haystack hills and other
geomorphological features, to the coastal plains. In these littoral plains, the coastal zone is
closely related to the interior of the Island. In episodes of rain, waters are displaced along
topographic contours until they reach the fluvial drainage network defined by rivers and
streams that carry water into the sea. These drainage areas that are surrounded by
highlands or mountains, which serve as limits or boundaries, are known as watersheds.
Therefore, in order to conduct the proper planning of the coastal zone, it is essential to
integrate all elements that somehow affect the territory. This condition highlights the
importance of including the watersheds as planning units within the sectors that comprise
the coastal territory.

Watersheds

Within eight coastal sectors, a total of 15 watersheds can be defined for the main rivers that
carry rainwater from the Island’s interior to the sea. The measurement of the watersheds
was done according to the classification made by the U.S. Geological Survey (USGS). It is
important to highlight that the territorial extension corresponding to the islands of Vieques
and Culebra is included as a watershed.

The watersheds contained within each sector are listed below.

1. The Northern sector is known for its abundance of precipitation and for having
rivers of great volume that flow into the Atlantic Ocean, some with underground
segments. This sector includes the area from the basin of the Rio Grande de Arecibo to
the basin of Rio Puerto Nuevo-Rio Piedras. This territorial segment also includes the
basins of the Rio Grande de Manati, Rio Cibuco, Rio La Plata and Rio Bayamodn-Rio
Hondo.

2. The Northeast sector ranges from the basin of Rio Grande de Loiza, to the basin of the
Rio Antén Ruiz. The Rio Herrera basin is found in this sector.

3. The Southeast sector includes the area from the Rio Humacao basin to the Rio Seco.
The topography in the eastern part of the Island is mountainous and basins are close
to the shore. In this sector, the flow of the rivers has cut narrow triangular valleys.

4. The Southern sector has shorter rivers because of the proximity of the mountainous
interior to the coastal zone. The volume of many rivers in the south coast that flow
towards the Caribbean Sea is small and some are dry because of the scarce
precipitation. This South sector extends from the basins of the Rio de Salinas to the Rio
Jacaguas and the basin from Rio Inabdn to the Rio Loco.

5. The Western sector stands out because of its abundant rainfall. Its rivers are long
and the basins are of greater length. This coastal sector includes the basins of Rio
Guanajibo, Rio Yagiiez to the Rio Grande de Afiasco and the basin of Rio Culebrinas.
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6. The Southwest sector is comprised of the Rio Guanajibo basin. More than 50% of the
basin is dominated by rugged wet soils which are well-drained and have shallow
depth.

7. The Northwest sector covers from the Rio Guajataca basin to the basin of Rio Camuy.
In this sector, limestone formations abound, among which are canyons, haystack hills,
caves systems and caverns, sinkholes and palisades. Portions of the Rio Camuy flows
underground through this sector.

8. The Adjacent Islands Sector. The basins of the islands of Vieques and Culebra are
considered independent basins given the lack of perennial rivers. However, they do
possess groundwater and surface water bodies, such as lagoons, streams and coastal
wetlands.
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1.2 URBAN SPRAWL TRENDS IN THE COASTAL SECTORS

During a 22-year period extending from 1977 to 1999, Puerto Rico experienced an increase
in land development in the seven sectors!4 that make up the coastal territory. 15

TABLE I-1. URBAN LAND IN THE COASTAL ZONE

Urban land in the coastal zone

Urban land area (1977) Urban land area (1999) Average
. Coaistal sectors Rate of
Region annual growth
area (m2) A 7 change
Area (m”) % Area (m?) % rate
North 167,797,679 42,947,711 25.59% 53,165,940 31.68% 23.8% 0.97%
Northwest 61,231,344 15,140,631 24.73% 17,370,779 28.37% 14.7% 0.63%
West 90,028,210 13,213,305 14.68% 17,464,825 19.40% 32.2% 1.28%
Southwest 255,098,667 13,977,796 5.48% 18,352,233 7.19% 31.3% 1.25%
South 121,324,731 13,910,916 11.47% 23,205,660 19.13% 66.8% 2.35%
Southeast 118,026,973 11,029,286 9.34% 17,415,125 14.76% 57.9% 2.10%
Northeast 103,421,957 9,705,450 9.38% 19,361,420 18.72% 99.5% 3.19%

Note: The Adjacent Islands Sector was not included because of insufficient data.
Source: UPR, Mayagiiez Campus. "Mapas de usos de suelo 1977 y 1999". Proyections are from the PRPB and estimates are from Estudios Técnicos,
Inc.

If this tendency prevails, by the year 2050 developed land in the coastal zone will have
doubled, reaching 44% of the total territory.

GRAPHIC I-1. PROJECTED CHANGE IN URBAN LAND WITHIN THE COASTAL ZONE
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Note: The Adjcent Islands sector wasnot included in this analysis because of insufficient data.
Source: UPR, Mayagiiez Campus. Mapa de usos del suelo 1977 y 1999. Proyections arefromthe PRPBand
estimates from Estudios Técnicos, Inc.

14 The Adjacent Islands Sector was not included because of insufficient data.

15 The trend in urban development was calculated using maps from the UPR, Mayagiiez: “Land Use Change Analysis
for USGS Coastal Quadrangle” (1999). The growth of urban land area was calculated based on the trend and
projections of population growth for each coastal sector.
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When examining the development tendency for each of the coastal sectors, the Northeast
sector presents the sharpest increase in urbanization. Over a period of 22 years - from 1977
to 1999 - the area of urban land doubled (from 9% to 19%). The rate of change for this
period was 99%. If this average annual growth rate persists (3%), it is expected that almost
this whole sector (93%) will be urbanized by 2050.

The Southern sector is also experiencing an intense urbanization process. In 1977, only 11%
was urbanized. By the year 1999, 19% had been urbanized. If this trend continues, by 2050,
about 67% will be urbanized.

In 1977, 25.6% of the North sector was already urbanized, being the sector with the largest
proportion of developed territory. If the pattern of urbanization in the latter remains
constant (an average annual growth rate of 0.97%), it is projected that about half of its
territory (52%) will be urbanized by 2050.

Meanwhile, the Southeast sector presents an average annual growth rate (2.1%). Until 1977,
9.3% of the territory had been urbanized. By the year 1999, 14.8% was urbanized. It is
projected that, if the current urbanization pattern in the area persists, by 2050, 43% of the
sector will be urbanized.

GRAPHIC [-2. PROJECTED CHANGE IN DEVELOPED LAND WITHIN THE COASTAL ZONE
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Prepared by Estudios Técnicos, Inc.
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1.2.1 DEMAND FOR LAND USES IN THE COASTAL ZONE

This section provides an analysis of the site consultations submitted to the PRPB regarding
land use proposals in the kilometer within the Coastal Zone from the 1981-2007. The site
consultations analysis is commonly used as an indicator to determine the demand for
construction activity on the territory.

Site consultations are a procedure by which the PRPB evaluates a land use proposal not
explicitly permitted under current zoning guidelines, but which falls under the jurisdiction of
the agency’s bylaws. The PRPB evaluates, passes judgment and determines if the proposed
project is viable. In areas not zoned, land uses or proposed land developments for which the
PRPB did not reserve exclusive jurisdiction, are included.'® The site consultation process
also evaluates extensive development projects and those of regional character or which are
in accordance with the powers that the PRPB retains under the provisions of the “Law of
Autonomous Municipalities”, supra.

The analysis was conducted for the period from 1981 to 2007.17 For comparative purposes,
submitted site consultations were grouped by decades: between 1981 and 1990, from 1991
to 2000, and a final set of queries from 2001 to October 2007.

The period with the greater number of site consultations submitted to the PRPB was from
years 1991 to 2000. In fact, compared with the first period, from 1981 to 1990, the number
of site consultations submitted tripled in Puerto Rico, while they doubled in the coastal zone.
The proportion of approved site consultations in the coastal zone was also higher, 46% in
the second period versus 31% in the first.

TABLE I-2. SUMMARY OF SITE CONSULTATIONS

Summary of site consultations

Submitted site consultations 1981-1990 % 1991-2000 % 2001-2007 %

Puerto Rico 4,159 100% 12,380 100% 5,295 100%

Coastal Zone 549 13% 1,298 10% 849 16%
Approved 169 31% 594 46% 356 42%

Source: PRPB

During the period from 2001 to 2007, the number of site consultations submitted decreased
by almost half compared with the previous period. In addition, there was an increase in the
percentage of site consultations submitted in the coastal zone. While the proportion is lower
when compared with the second period, the demand for development these site
consultations places on the coastal zone and its resources is significant.

16 In accordance with the “Regulation to Delegate Responsibilities to the Regulations and Permits Administration
for Evaluating Projects of Development, Construction and Land Uses in Areas Not Zoned”, Regulation 27 of 2002.

17 The data belonging to the site consultations between 1978 and 1980 in the coastal zone was insufficient to
perform a comparative analysis.
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When analyzing site consultations by type of project, project-related transactions - which are
basically trading or lease of land by the government - constituted the majority of the site
consultations approved (177 site consultations or 50%). It is important to highlight that a
significant percentage of those transactions - especially those where the private sector is the
purchaser or renter - eventually become development projects, some of great magnitude.

After site consultations for transactions, the greater proportion of those approved
corresponds to the residential type, 86 (24%). Of these, 29 (34%) were for single-family
residences, 26 (30%) for multi-family residences and 23 (27%) for residential lots. The
remaining eight (9%) are divided between social interest housing (4 or 5%) and commercial
residential (2 or 2%). There were, also, other two site consultations approved for a mixed
residential type project and for a touristic residential.

TABLE I-3. SITE CONSULTATIONS IN THE COASTAL ZONE BY TYPE OF PROJECT

Site consultations in the coastal zone by type of project
2001-2007

Number %
Total submitted 849 100%
Total approved 356 42%
Commercial 32 9%
Government/Improvements 7 2%
Industrial 8 2%
Institutional 11 3%
Recreational 10 3%
Recreational Commercial 3 1%
Residential 86 24%
Service 10 3%
Transaction 177 50%
Touristic 12 3%

Source: PRPB

Regarding tourism, projects of this type (12) submitted during the last examined period,
represent 3% of total approved projects. This proportion is less than in previous periods.
Tourism projects are usually accompanied by marinas, docks, buoys, and other elements
associated with water-dependent uses. These amenities or uses are located in the Territorial
Waters of Puerto Rico, which are, also, Navigable Waters of the U.S. and public domain lands.
Therefore, the location or construction of such facilities in these areas also requires a permit
from the U.S. Army Corps of Engineers (USACE) and a concession from the DNER Secretary,
according to the “Regulation for Use, Surveillance, Conservation, and Management of the
Territorial Waters and Submerged Lands Thereunder and the Maritime Zone”, Regulation
No. 4860 of 1992.
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Analysis of the site consultations by coastal sector

Submitted and approved reviews were examined for each of the coastal sectors.

Historically, the North Sector is where the largest number of site consultations have been
submitted and approved. From 1981 to 2007, 614 site consultations had been submitted, of
which 270, or 44%, were approved.

TABLE I-4. SUMMARY OF SITE CONSULTATIONS BY COASTAL SECTOR

Summary of site consultations by coastal sector

1981-1990 1991-2000 2001-2007 Total
Coastal sector
A Y% S A Y% S A % S A Y%

Islands and cays 4 1 25% 61 35 57% 54 26 48% 119 62 52%
Northeast 1 1 100% 138 69 50% 72 26 36% 211 96 45%
Northwest 90 38 42% 150 76 51% 122 54  44% 362 168  46%
North 83 22 27% 317 145  46% 214 103  48% 614 270  44%
West 150 45 30% 257 108  42% 133 52 39% 540 205 38%
Southeast 50 16 32% 90 49 54% 60 24 40% 200 89 45%
Southwest 119 29 24% 162 63 39% 113 39 35% 394 131 33%
South 52 17 33% 123 49 40% 81 32  40% 256 98 38%
Total 549 169 31% 1,298 594  46% 849 356  42% 2,696 1,119 42%
Source: PRPB S= Submitted A=Approved

During the first period, from 1981 to 1990, the sectors with the highest number of approved
site consultations were the West and Northwest (45 and 38 site consultations, respectively).

According to data provided by the PRPB, in the Northeast sector only one site consultation
was submitted and approved during the 1980s. It is likely that more than one consultation
was submitted during the first period. Nevertheless, the vertiginous increase in submitted
and approved site consultations during the period from 1991 to 2000, with 138
consultations submitted, and 69 approved, it is still impressive.

In the Northeast sector there is a trend of building second homes or vacation homes along
the coast. While these types of homes do have building permits, in some cases, they pose a
problem of access to the coast. However, it was not until 1992 that the DNER’s “Regulation
for Use, Surveillance, Conservation, and Management of the Territorial Waters and
Submerged Lands Thereunder and the Maritime Zone”, supra, was approved and many of
these housing units were already developed.

Moreover, for the periods 1991-2000 and 2001-2007, the North sector reported the largest
number of site consultations approved.

Islands and cays

During the first period, tourism and residential projects predominated. During the second
period, 75% of residential projects were simple division of lots. Whereas, in the last period,
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and particularly in Vieques, single-family residential projects predominated, representing a
total of 1,218 housing units.

Northeast

Touristic projects predominated during the second period. In the past six years, land
transactions were for governmental improvements and residential projects (853 housing
units).

Northwest

The approval of commercial projects and single-family housing dominated during the first
period. In the second period, the majority of the site consultations were for residential
projects. While in the past six years, site consultations have been approved for construction
of 389 housing units.

North

The simple division of prevailed during the first period, particularly in the eastern zone of
the sector. The second period was characterized by land transactions (50 or 34%). In the
past six years, residential projects totaled 1,563 new housing units. Of these, 742 (47%)
were in the municipalities of Vega Alta and Vega Baja.

West

Commercial and tourism projects predominated during the first period. In the second
period, aside from tourism projects (7), site consultations were mostly for residential
projects (65), in what was considered a moment of great activity in construction. During this
second period, simple lot division accounted for 60% of all approved site consultations in
this sector. In the last six years, 994 housing units have been approved in this sector, of
which 191 were for low-income housing.

Southeast

This sector has always been characterized by simple lot division, in the first as well as in the
second period, when 9 out of every 10 residential projects were of this type. These
residential type site consultations were for the construction of 101 housing units, all of them
in the Municipality of Yabucoa.

Southwest

In this sector, the residential or simple lot divisions and tourism projects predominated
during the first two periods. The approval of residential projects in the past six years has
been the highest among the sectors, with 2,140 housing units.

South

This region stands out for its industrial projects throughout all periods, compared with other
regions or sectors. In the past six years, projects of institutional character have
predominated. Likewise, there are other residential projects, in which 631 housing units
were proposed.
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1.3 ECONOMIC IMPACT OF THE COASTAL ZONE

Economic activity in Puerto Rico’s coastal zone has a significant impact on the
Commonwealth’s economy. This section intends to analyze the importance of the coastal
zone in the economy, based on data from production, employment and salary income by
industrial sector.

For this analysis, data was estimated for the kilometer that includes the inner boundary of
the coastal zone for each of the coastal municipalities. The industries were classified into
eight major sectors, according to North American Industrial Classification System (NAICS),
as presented in the following table.

TABLE I-5. GROUPING OF INDUSTRIES FOR THE ECONOMIC ANALYSIS OF THE COASTAL ZONE

Grouping of industries for the economic analysis of the coastal zone

NAICS Industry New Classification-Sector
11 Agriculture, Forestry, Fishing and Hunting Agriculture, Forestry, Fishing and Hunting
21 Mining, Quarrying, and Oil and Gas Extraction
22 Utilities Construction, Mining, Electricity, Water and Gas
23 Construction
31-33 Manufacturing Manufacture

42 Wholesale Trade
Trade
44-45 Retail Trade

48-49 Transportation and Warehousing
Transportation, Warehousing and Information

51 Information
52 Finance and Insurance
Finance, Insurance and Real Estate
53 Real Estate and Rental and Leasing
54 Professional, Scientific, and Technical Services
55 Management of Company and Enterprises

Administrative and Support and Waste Management and

56 Remediation Services

61 Educational Services

62 Health Care and Social Assistance Services

71 Art, Entertainment and Recreation

72 Accommodation and Food Services

81 Other Services Except Public Administration

99 Others

92 Public Administration Public Administration

Source: NAICS . Prepared by Estudios Técnicos, Inc.

In the following sections we discuss results for employment, wage income and production.
The municipalities in which economic activity is concentrated are identified as well as the
most important industrial sectors and economic activities. The methodology used to obtain
the estimates, the adjustments made and the sources of primary data used are detailed in
Annex 2
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Employment

By 2006, employment in the coastal zone was estimated at 169,453 persons, representing
16.2% of total employment in Puerto Rico. It should be highlighted that 28.5% of the
employment in the Commonwealth’s services sector, in which tourism plays a role, is within
the coastal zone. The other sectors maintained represent about 10% of employment in
Puerto Rico’s coastal zone.

The most important industrial sectors in employment generation in the coastal zone were
services and public administration. Together, they represented 76% of employment in the
zone (65% and 11% respectively).

GRAPHIC [-3. EMPLOYMENT BY INDUSTRIAL SECTOR FOR THE COASTAL ZONE

679,1% _ 6,491, 7% Agriculture, Forestry, Fishing and Hunting
8,249, 9%

18,656, 19%
B Construction, Mining, Electricity, Water and
Gas

Manufacture

Trade
15,577, 16% Transportation, Warehousing and Information
B Finance, Insurance and Real Estate

B Services
5,776, 6%

34,543,36% Public Administration

5,343, 6%

Source: DLHR. 2006. Composicién Industrial. Prepared by Estudios Técnicos, Inc.

The municipalities with a higher proportion of jobs in the coastal zone are San Juan, with
71,991 employees, which represents about half the jobs in the coastal zone (42.5%), and
Carolina with 16,502 workers (9.7%). The other 68.2% of municipalities (30 of 44)
originate, less than 1% of employment in the coastal zone.

Wages

Wage income is defined as the estimated income related to the jobs created in the coastal
zone. This is not necessarily the income of people living in the coastal zone, but those
working in it. In 2006, about 16.3% of wages in Puerto Rico were generated in the coastal
zone or about $ 4,383 million.

Analyzing the same data by industrial sector, services, public administration and trade stand
out as the most important sectors in generating wage income. Together, they comprise 79%
of the income in the coastal zone (59%, 11% and 9% respectively). However, sectors such as
agriculture; transportation, warehousing and information; construction and mining; and
finance, insurance and real estate, generate a small proportion of wage income in the coastal
zone. These four industrial sectors represent just over 10% of the income in the area.
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GRAPHIC I-4. WAGE INCOME BY INDUSTRIAL SECTOR FOR THE COASTAL ZONE

m Agriculture, Forestry, Fishing and Hunting
71120701, 0% 199,613,529, 5%

m Construction, Mining, Electricity, Water and
03,998,119, 7% Gas

499,389,859, 1
= Manufacture

406,134,809, 9%
Trade

Transportation, Warehousing and Information

209,975,509, 5%
B Finance, Insurance and Real Estate
181,857,253, 4%
M Services

Public Administration

Comparing the wage income of the coastal zone by industry with that of Puerto Rico, it was
found that more than one fourth of the income of employees in the services industry in the
Commonwealth is generated in the coastal zone. The remaining sectors hold a 10% share of
wage income of Puerto Rico’s coastal zone.

The majority of wage income in the coastal zone is generated in the municipalities of San
Juan and Carolina. In San Juan, with $2,140 billion, is where almost half the income of the
coastal zone (49%) is generated. In Carolina, $390.3 million (8.9%) are generated.

Production

The estimated production in Puerto Rico’s kilometer of coastal zone is close to 10% of the
total production of the Commonwealth. According to the estimates calculated, in 2006,
production in the coastal zone was about $ 9,297 million.

The data by sector shows that the manufacturing; services; and finance, insurance and real
estate sectors stand out as the most important in the coastal zone’s production. These
constitute 71.7% of production in the area (29.3%, 25.4% and 16.7% respectively).
However, agriculture; transportation, warehousing and information; and construction and
mining, generate a small proportion of the coastal zone’s production. Together, they have
less than 10% of the area’s production.

It is important to highlight that manufacturing is not among the industry sectors that create
more jobs and wage income, however, it is the sector with the highest level of production for
the area, as for all of Puerto Rico.
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GRAPHIC I-5. TOTAL PRODUCTION BY INDUSTRIAL SECTOR FOR THE COASTAL ZONE
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970,600,112 , 10% B Services

1,555,471,083 ,17% 685,274,351 , 7% Public Administration

Source: DLHR. 2006. Composicién Industrial. Prepared by Estudios Técnicos, Inc.

The production of the coastal zone by industrial sector compared with that of the rest of
Puerto Rico, demonstrates that more than a quarter of the production of services in Puerto
Rico is generated in the coastal zone, as well as employment and income. In the case of other
industrial sectors, between 6% and 12% of the production of Puerto Rico is conducted in the
coastal zone.

The bulk of production of the coastal zone is generated in the Municipality of San Juan, with
$3,379 million, representing 36.4% of the production in the area. Some 56.8% of
municipalities (25 of 44) generate less than 1% of the production of the coastal zone.

In summary, the main findings of the analysis presented above reveal several important
aspects:

o Much of the economic activity in the coastal zone is concentrated in three municipalities:
Carolina, Ponce and San Juan. This may be due largely to the port activity in San Juan
and Ponce; activity that is within the services sector.

e 16.2% of total employment in Puerto Rico, particularly in the public administration and
services sectors, is concentrated in the coastal zone.

e 16.3% of income by means of wages in the Commonwealth is generated within the
coastal zone.

o Tourism activity - in terms of hotels and casinos - plays an important role in
employment in the coastal zone since it represents 23% of employment in the coastal
zone. 18

18 The municipalities of San Juan and Carolina have the bulk of employment in this sector, keeping in mind that
some on the hotels in these municipalities are not on the beach.
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Chapter 2:
The PRCZMP as the Coastal Element of
Puerto Rico’s Land Use Plan




Chapter II. THE PRCZMP AS THE COASTAL ELEMENT OF
PUERTO Ric0’S LAND USE PLAN

BACKGROUND

Over the last three decades, the Government of Puerto Rico has established several
programs geared toward the appropriate planning and management of its natural resources.
These programs are applicable to the entire Puerto Rican archipelago, including coastal
waters under the Government’s jurisdiction.

Although the extent of the PRCZMP’s implementation is the coastal zone as previously
defined, it is important to recognize that the coastal zone is not a separate entity from the
rest of Puerto Rico. For the reason, the PRPB adopted the PRCZMP as the “coastal element”
of Puerto Rico’s Land Use Plan (PRLUP) in 1978.1°

The PRCZMP of 1978 incorporated the Objectives and Public Policies of Puerto Rico’s Land
Use Plan (OPP-PRLUP) of 1977 and with that action established a uniform public policy
framework for the management of all natural resources, including those located in the
coastal zone. At the same time, it shaped the foundation on which many of the public policies
and additional elements of the PRCZMP would be established.20

In 1995, the PRPB revised and adopted a new version of the OPP-PRLUP document for the
purpose of?1:

o incorporating the concept of integral and sustainable development;
o incorporating the concept of ecologically sustainable action;

o extending the concept of risk to add flooding, susceptibility to landslides and
geological faults;

o incorporating wetlands;
o identifying the tourism sector as a new target of the Land Use Plan

o converting into the public policy the concept of decentralization contained in the
“Law of Autonomous Municipalities”, supra.

o In 2003, NOAA approved the integration of the OPP-PRLUP-1995 to the PRCZMP, by
means of RPC.

19 Ordered by the PRPB Statutory Law No. 75 of 1975.

20 This revision and update does not establish new enforceable policies, additional to those incorporated in the
original PRCZMP. It exclusively adds those that have been approved by the NOAA, by means of RPC.

21 This document was approved by the Governor by EO on October 30t , 1995. The EO stated that the OPP-PRLUP
will serve as a guide to public agencies in developing policies, plans and programs and in making decisions and
actions on public and private projects, as well as in the process of land use planning, and for other public purposes.

Puerto Rico Coastal Zone Management Program Page | 38
Revision and Update



The OPP-PRLUP, in its original and subsequently revised document, OPP-PRLUP-1995,
establishes the public policy of the Government of the Commonwealth of Puerto Rico for the
entire territory, including the coastal zone. These, included in this chapter, are divided into
eight areas or fundamental aspects:

1. General goals regarding land use;

2. Goals and objectives for public policy in urban development;

3. Goals and objectives for public policy in industrial development;
4. Goals and objectives for public policy in agricultural development;
5. Goals and objectives for public policy in tourism;

6. Goals and objectives for public policy regarding natural risks;

7. Goals and objectives for public policy for infrastructure; and

8. Goals and objectives for public policy in natural, environmental and cultural
resources.

OBJECTIVES AND PuUBLIC POLICIES IN PUERTO RIc0’S LAND USE PLAN

General goals regarding land use

o Manage the planning process toward achieving a sustainable integral development,
assuring the sensible use of the land resources and promoting the conservation of our
natural resources for the enjoyment and benefit of current and future generations.

o Prepare and execute a land use model within an action plan that is ecologically
sustainable.

» Establish education, orientation, and dissemination programs on land use to create social
awareness on the use of sustainable land development instruments and techniques that
satisfy the needs of our current generation and future generations.

o Accomplish a balance between rural and urban development by sensibly planning land
uses that are compatible with the surroundings and demographic growth dynamics in
communities, municipalities, and regions of the Island as well as promoting the
accessibility and benefits of a sustainable development.

o Protect the environment by planning urban development in a compact fashion within
designated locations according to intensity of uses, protecting the land and water quality,
maintaining strict air quality standards, and providing the population with mass
transportation alternatives.

o Identify, protect, and preserve lands of high natural value that are part of the natural
patrimony of all Puerto Ricans and promote the development of activities that encourage
the sensible use of these lands for the benefit and enjoyment of current and future
generations.
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o Achieve intensive land use in urban areas by encouraging the creation of urban centers.

o Protect lands of high agricultural productivity and promote agro-industrial activities in
those lands featuring the highest potential for said use.

e Provide incentives for the construction of affordable housing by planning housing
developments targeted for low- and moderate-income families.

 Identify, protect, preserve, and restore historical sites and zones, public spaces,
recreational areas, and those structures and resources that are part of the historical-
cultural patrimony.

o Achieve investments in infrastructure which include the maintenance or replacement of
existing systems to ensure their efficiency.

o Minimize the risk for loss of life, property, and deterioration of natural resources due to
the effect of natural disasters, establish mitigation plans in the event of such disasters in
areas that are vulnerable to them, and plan the development of high density land outside
the areas identified as susceptible to such risks.

o Coordinate municipal, state, and regional investments in infrastructure in order to
establish a more efficient use of public funds by strengthening the maintenance of existing
systems with the goal of protecting the environment and the land resource.

o Achieve the establishment and operation of mass transportation systems as an alternative
for the use of private cars, lowering the investment in new roads and strengthening
maintenance programs for existing roads.

o Achieve healthy social coexistence and harmony through education and the creation of
opportunities for every citizen through citizen participation, access to information, and
reasonable distribution of the benefits of an integral and sustainable development among
the Island’s regions.

» Promote the achievement of municipal autonomy in the preparation of Municipal Land Use
Plans, defining general public policies on land use and providing the necessary
information for the transfer of planning rights.

o Achieve greater fairness in land taxation mechanisms, offering intelligent information that
may be used as the basis of a scientific valuation of properties in accordance with
experiences acquired through urban development.
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Public policy goals and objectives regarding urban development

GOAL

Foster communities, towns and cities that are densely populated, compact and attractive which
allow for the intensive use of the lands within urban perimeters, achieving greater efficiency in
the installation and operation of public services and facilities, and facilitating the population’s
fast and safe movement by setting feasible means of mass transportation and improving the
quality of urban life.

OBJECTIVES
1.00 Order and manage urban areas’ physical-spatial growth

1.01 Identify - using Land Use Plans at a different scale, Municipal Land Use plans, Urban
Expansion Maps, and the application of establishment guidelines such as zoning - the places
where it may be desirable to concentrate urban growth, as per the following criteria:

o Provide enough and adequate land to accommodate population growth according to each
municipality’s particular need.

e As a top priority and for urban purposes, select land with the following features: land in
developed areas capable of fostering re-development, vacant lot pockets (that do not
constitute open spaces), land that is not high in agricultural productivity or susceptible to
flooding and land with existing infrastructure already in place which can be improved or
maintained at a reasonable cost.

o Rule out for urban use land that includes important natural resources that are
environmentally critical or where an environmental pollution condition already exists and
may represent a health risk, as well as land that is too steep, susceptible to erosion and
landslides, and at high risk for natural disasters.

o Condition the development of projects beyond the limits set in the official instruments,
only to tend to the needs of the sector’s resident population. This includes projects of an
urban nature allowed by exception or variation, only when they comply with the following
criteria:

= Discourage the urban use of land where endangered species have been
identified, places for environmental and historical preservation, and
ecosystems.

= Promote and ensure growth that is perpendicular to the coast and discourage
lateral expansion parallel to main roads and with direct access to the coast or
where coastal barriers have been identified.

= Use infrastructure programming and construction as a planning instrument to
promote the integral development of suitable identified land.
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1.02 Avoid and discourage urban sprawl and the development of isolated urban centers as
per the following criteria:

» Require the location of development projects and land use take place in areas identified as
capable of accommodating population growth and where infrastructure is in place to meet
the needs of the urban population as specified in Policy 1.01.

» Condition the development of projects beyond the limits identified in official guidelines to
tend to the needs of the sector’s resident population and allowing projects of an urban
nature, only when they comply with the following criteria:

= Thatitis a small project that will not undermine the policy to guide and manage
urban growth (does not create pressure or precedent);

= That the project can be integrated to the existing urban centers;

= That the project does not distort or interfere with the purposes for which the
district zoning where it is located was created;

= That the land is accessible and already has adequate infrastructure

= That the land where the project will be located is not high in agricultural
productivity, not prone to floods, steep, does not contain natural or
archeological resources, is not susceptible to significant erosion and landslides,
and/or is not environmentally critical.

2.00 Intensify the use of land in urban areas

2.01 Encourage density maximization in the development of urban residential areas using
the following criteria, among others:

o Construction of medium-density housing for a more intensive use of the land.
» Promote high-density housing construction in urban centers.

o Establish measures directed at the demand or preference for high- or medium-density
residential projects.

o Complement the proposed density with the sector’s conditions and the land’s
characteristics.

o Limit the development of lots to the number of units that can be served by the existing and
programmed infrastructure systems, concentrating them in a portion of the lot so it
responds to the density recommended by a plan or to an average density, and postponing
the development of the remainder of the lot until the necessary capacity can be given to
the infrastructure systems in accordance with the development’s original preset density.

2.02 Intensify use for commercial and service purposes, both public and private, following
these criteria:

e Require that projects for commercial and service purposes are located on land that has
been identified and intended for commercial and service use.
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o Revitalize towns’ traditional urban centers so they continue to be important places and a
dynamic focus of activity by locating commercial uses in this area, providing parking,
improve access roads, protect and restore structures of historical, architectural or cultural
value, and stimulate the location of residential uses within the sector.

» Establish a good traffic flow system.

o Encourage the creation of pedestrian walkways in commercial areas located within
traditional urban centers.

o Maintain a balance between regional, sub-regional, community, and neighborhood
shopping centers with small and midsize businesses in each municipality.

2.03 Encourage, through incentives, the creation of urban industrial parks for light
industries that may generate jobs for the area.

3.00 Improve the design of communities, towns and cities and that of their
different components, traditional urban centers, businesses, institutions,
and residences in order to turn them into an instrument that can improve
the inhabitants’ quality of life and allow them to become attractive places
to live and work, and foster social coexistence.

3.01 Promote citizens’ general health and wellbeing by providing an urban development that
is in harmony with the environment.

3.02 Promote accessibility between residences, public services, and commercial and
recreational facilities.

3.03 Wisely use or preserve natural resources, sites of tourist interest, and places of historic,
architectural, and cultural value in urban design.

3.04 Promote the development of functional, efficient, livable, and safe neighborhoods and
communities by encouraging the creation of residents’ associations that will be incorporated
to the municipality’s decision-making process and establishing effective crime prevention
measures.

3.05 Promote planting and conserving trees and urban forests within the city and discourage
the indiscriminate cutting down of trees in order to alleviate climatic conditions and
environmental pollution.

3.06 Stimulate planned tree planting within the urban road system, parks, and other public
spaces in the city.

3.07 Foster the use of urban ornaments in open spaces to foster pedestrian activity and a
better social coexistence.
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4.00 Foster an integral planning process that translates to a better use of
land resources, preserving natural resources, revitalizing urban centers,
protecting the quality of the environment and providing housing and
associated services to the population at a reasonable cost in constant
coordination between central, regional, and municipal planning.

o Encourage the implementation of a planned development process at a regional level
pertaining to urban and rural development demarcation and to areas that will be
preserved and protected, so that it complements the central government’s planning
efforts.

« Identify regional development poles, foster their development and planning so as to
encourage population retention and increase their attractiveness and economic activity.

Public Policy goals and objectives regarding industrial development

GOAL

Locate our industrial developments in places that allow the use of lands that - because of their
location, characteristics, or to the services and infrastructure available within them - better
adapt to this use, in harmony with the general objectives of attaining the full and wise use of
the lands’ and natural resources’ total potential. Achieve the distribution of the development’s
benefits between the island’s different municipalities and geographic sectors, and create and
maintain the conditions under which man and nature can coexist in productive harmony.

PUBLIC POLICIES
5.00 Concentrate industrial developments in land that is most appropriate

for this use and at the same time promote the most intensive use possible
for this land.

5.01 Locate light industries which do not cause adverse effects to the environment and
require minimal infrastructure facilities, in industrial parks located within urban zoning
limits.

5.02 Avoid the establishment of polluting industries with the exception of those whose
exclusion would seriously affect the Island’s economic development.

5.03 In the exceptional cases where establishing polluting industries (as defined by the EQB)
is essential to the Island’s development, they will be located in pre-selected sites and the
adequate provisions will be taken to mitigate their adverse impact on the environment.

5.04 Locate light, heavy, and semi-heavy industries and the so-called atypical industries in
land adapted to these uses in compliance with the following regulatory criteria:

e Primarily use land that is well served by expressways or primary roads, that have
electrical energy sources, water supplies, and sanitary treatment facilities, which are near
airports, and have a central location in relation to labor sources.
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o Do not use major land with high agricultural productivity for industrial endeavors.

o Concentrate the location of these industries within regional industrial parks, designing
lands in advance that meet the aforementioned characteristics, avoiding industry
scattering in individual locations as much as possible, and making an exception on atypical
industrial projects that may require special locations.

5.05 Discourage other uses on lands selected for industrial use following the criteria listed in
public policies 5.01, 5.02, and 5.03, that could significantly reduce the extension of available
land for industries, and in cases where locations are deemed appropriate, according to the
criteria, for locating atypical industries and/or major atmospheric pollution generators,
exclude the other types of industries except those that necessarily have to be located next to
them.

5.06 Avoid the establishment of industries featuring a high consumption of infrastructure
and services (water, electrical power, treatment plants, and land) and low performance in
terms of income and direct and indirect jobs, by promoting the establishment of labor
industries and local industries.

5.07 Concentrate the location of recycling plants and other complementary satellite
industries in one location so they serve as a source and recipient of consumables and raw
materials.

6.00 Decentralize industrial development by providing, as much as
possible, a light industrial park in each municipality, regional parks on the
Island’s different sectors, and allowing, in rural zones, small-scale
industries that are in tune with the rural zone’s socioeconomic
development.

Public policy goals and objectives regarding agricultural development

GOAL

Develop agricultural activity in all lands with the potential for said use, so as to attain as much
self-sufficiency as possible in the production of our food, applying proven modern techniques in
this practice that allow for reasonable prices for the consumer, attractive profits for farmers,
and fair wages for workers, while at the same time fully using the climate, land, and water
resources in a productive manner without harming them.

PUBLIC POLICIES
7.00 Encourage and maintain agriculture as a main activity in the use of

available land with the potential for this use, promoting the necessary
programs and measures to make this a feasible activity.

« Identify land for agricultural use through rural zoning districts.

» Discourage the displacement of agricultural uses by introducing residential uses next to
places where agricultural activities are taking place, so as to avoid conflict between them
and guarantee the farmer’s right to maintain his agricultural activity.
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8.00 Locate the development of required infrastructure to stimulate and
foster farming in lands with agro-industrial potential that are not being
fully exploited due to lack of services such as: irrigation, access, marketing
system, and others

«Emphasize agricultural diversification in production, intensify farming to obtain maximum
benefit of every a cuerda of land, increase efficiency, and foster agricultural products’
industrialization as much as possible.

o Encourage the establishment of companies and agricultural techniques based mainly on
the climate, land, and water resources with a minimum of imported consumables.

9.00 Retain for agricultural use as much as possible the land that is better
suited for the production of harvests and animal products, protecting it
from the practices and activities that unnecessarily abate the potential for
agricultural development.

9.01 Emphasize on preservation of the most productive lands for agricultural purposes,
complying with the following criteria:

o Retain high agricultural productivity land exclusively for agricultural use. Use this land for
other uses only when there is proof that there is no alternate land for the location of non-
agricultural activity that is pressing and important for the development of the Island.

o Use the Soil Survey for Puerto Rico, carried out by the Soil Conservation Service, as a base
and designate all land classified by this study in categories I to IV, as highly productive.

» Promote the use of high agricultural productivity land exclusively for that purpose.

« Discourage housing construction, the main competitor of agricultural use, in totally flat
land that is optimal for agricultural production.

» Stop the indiscriminate division of agricultural land lots into smaller lots or farms so as to
preserve adequate-size farms so their agricultural operation is economically feasible,
using the following regulatory criteria:

= Determine the desirability of a proposed division of lots by evaluating and
giving much deliberation to the uses contemplated for the lots or farms that will
be created.

= Promote the integration of new division of lots to the existing residential areas
in order to discourage the creation of new population centers that will increase
the cost of infrastructure and public services.

= Encourage that lots created for non-agricultural activities be as small as
possible, as per the proposed use, the land’s condition, and available facilities.

= Use as main criteria the fact that the land to be separated for non-agricultural
use should be the one with lesser impact on the farm’s production level.

= Discourage the practice of agricultural land loss as a product of division of lots
in farms that constitute agricultural production units.

= Promote the location of complementary activity to agricultural uses in less
productive land in or around the farm, so as to minimally affect its agricultural
production level.
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10.00 Promote the practice of measures and programs geared toward land
preservation so as to avoid erosion, protect the land’s productivity, and
cause the least adverse impact on the quality of our water supplies and the
deterioration of other natural resources as a result of a agricultural
activity.

Public policy goals and objectives regarding tourism

GOAL

Promote tourism development that brings about an economic and social activity of great
competitiveness before the international market’s dynamics by using land that, due to its
characteristics, has the maximum potential for tourism usage without harming existing natural
resources.

PUBLIC POLICIES

11.00 Promote tourism as an essential economic activity for a sustainable
economic development process.

o Establish an inter-agency program that involves financial commitments in tune with the
sector’s priorities.

12.00 Promote, stimulate, and establish tourism incentives to bring about
capital investments from local and foreign companies.

12.01 Identify land apt for sustainable tourism development, promoting environmental
conservation.

12.02 Demarcate zones of tourism interest.

12.03 Balance the development of tourism facilities with corresponding infrastructure
provisions.

12.04 Promote the development of ecotourism as a complement to the development of
traditional tourism making sure that the necessary infrastructure facilities are provided.

13.00 Promote Puerto Rico’s image as a tourism destination

13.01 Encourage programs directed at managing and correcting existing problems of
pollution, environmental quality, and safety within touristic areas so as to ensure that a
visitors’ stay is an enjoyable experience.

13.02 Intensify the use of advertising campaigns that promote tourist visits to areas of great
ecological value.

13.03 Reorganize and improve transportation and reception services to visitors who arrive
at different tourism facilities.

13.04 Promote regional tourism offices and improve road signage along touristic routes.
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14.00 Promote tourism development by improving the quality of touristic
facilities

o Decentralize tourism activity by promoting a regional balance of said activity
throughout the whole island.

o Foster the development of an efficient internal transportation system that makes
dispersion of tourism activity a viable endeavor.

e Promote touristic facilities such as hotels, paradores (country inns), and gastronomic
mesones (restaurants) by intensifying promotional campaigns aimed at attracting local
and foreign population. On the other hand, ecotourism should be developed along with a
resources conservation policy.

o Identify alternative strategies and models to the traditional concept of tourism, in which
we promote the attractiveness of the natural environment within the tourism industry
while taking into consideration the capacity of involved natural resources.

Public policy goals and objectives regarding risk due to natural disasters

GOAL

Minimize the danger of loss of life and material damages on the Island as a result of flooding,
land susceptible to landslides, geological faults, swells, and other natural risks while at the
same time recognize and promote land uses and activities that are not compatible with these
conditions.

PUBLIC POLICIES

15.00 Identify risks of flooding, landslides, geological faults, and swells in
regional plans, ordinance plans, and other physical planning documents.

15.01 Verify that the Land Use Plans and Municipal Land use Plans identify these types of
lands.

15.02 Select compatible uses with lands’ flooding conditions on the Land Use Plans and
Territorial Ordinance Plans.

15.03 Use transference of development rights mechanisms, voluntary conveyance, and lot
redistribution to keep land that is susceptible to these risks free of construction that could
be exposed to said risks.

16.00 Protect the population currently residing in flood susceptible zones
or in areas affected by swells.

16.01 Create awareness among the population residing in flood-prone zones about the
dangers of living in said zones and comply with regulations by promoting the installation of
signs and by identifying areas susceptible to natural risks.

16.02 Support construction of flood-control works aimed at protecting life and property, also
taking into consideration the chemical and physical characteristics of nearby water bodies
and adjoining land.

16.03 Prepare and implement mitigation plans aimed at protecting life and property.
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16.04 Promote relocation plans for the population affected by floods when flood-control
works are not socially, economic and environmentally viable.

16.05 Prepare watershed management plans that foster the fast recuperation of water
bodies.

17.00 Discourage land development and construction of properties for
urban expansion in flood zones unless they are providing flood control
works that guarantee the protection of life, property, and natural and
environmental resources.

18.00 Promote agricultural development in flooding areas with a potential
for said use.

e Promote recreational uses and other activities deemed appropriate in flood-prone areas.
19.00 Support the construction of flood control works where deemed

necessary, aimed at obtaining a better agricultural production for the
Island’s benefit.

Public policy goals and objectives regarding infrastructure

GOAL

Develop infrastructure to achieve sound socioeconomic expansion which stimulates a
harmonious relation and mutual complement between the Island’s regions and improves
Puerto Rico’s overseas image, using the programming and construction of infrastructure as one
of the instruments that, together with land use planning, serves to promote and manage the
Island’s integral development.

PUBLIC POLICIES
20.00 Promote infrastructure to solve the relative potable water shortage

and stimulate efficient management of this water resource so as to improve
quality of life and achieve:

o The development of each of the components that integrate socioeconomic activities,
including among others: tourism, industry, commerce, construction, and agriculture.

o Increase the capacity of the Potable Water Supply System giving priority to the
rehabilitation and preventive maintenance of existing reservoirs and protecting the
watersheds that provide the supply flow to potential reservoirs.

e Increase and improve the potable water distribution infrastructure aimed at
interconnecting the systems and integrating them in feasible areas.

o Reduce river sedimentation and prolong the reservoirs’ usable life by leaving a strip of
vegetation parallel to the bank of every river and stream.

e Protect aquifers by avoiding land impermeability that leads to recharging volume
reduction.
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Provide a complete treatment infrastructure in those sectors where only partial
treatment is available, mainly in rural areas, and thus improving the rural population’s
life conditions.

Provide a potable water service that complies with the parameters established by
current laws and regulations.

Establish, rehabilitate, expand, and integrate potable water filtration plants’ systems for
the San Juan Metropolitan Area.

Conserve the capacity and quality of artesian and phreatic (water table) wells through
the sound management of these supplies and avoiding the use of artesian wells, except
for human consumption.

21.00 Satisfy the needs of the population by providing a residual water
treatment plant infrastructure with the capacity to offer an efficient
service that:

Guarantees health levels that comply with the parameters established by current laws
and regulations.

Establish a program for the discharge of residual waters to superficial and underground
water bodies as receptor bodies to reduce health risks and pollution.

Establish a program for the construction of treatment plants based on regional priorities
and lateral constructions to connect rural communities and urban sectors lacking sewer
systems to main regional plants.

Reduce the number of residual water treatment plants under arrest by the court.

Avoid connections that affect the system’s effective capacity.

22.00 Direct electrical energy infrastructure so it stimulates and favors an
energetic policy geared to cogeneration and diversification of energy
production so as to:

Ensure energetic supplies, thus increasing public trust in the system and reducing the
dependency on oil as a primary source of fuel.

Stimulate private sector intervention in the production of energy.

Guarantee a distribution, production, and maintenance system that will increase public
trust in the system.

Minimize risks that occur as a consequence of international crises, economic factors, and
fuel costs.

Promote the fact that usage of the electrical energy infrastructure requires a special
location that is in tune with the surroundings in which they are to be located, thus
fostering the protection, conservation, and improvement of the environment.

Develop an effective program to improve the efficiency of electrical power production
and distribution.

Promote and make viable the development of recycling and non-dangerous use of solid
waste projects, including silts produced by Puerto Rico Aqueducts and Sewers Authority
treatment plants as fuel to generate electricity.

Foster development of pilot energy projects featuring renewable and alternate sources.
Promote the better use of energetic resources to favor and stimulate a reasonable
reduction in the continuous energy demand increase on the Island.
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23.00 Promote a transportation system that fosters the implementation of
an integrated balanced and competitive multi-modal system with a capacity
for growth and development.

o Emphasize that collective transportation should include all means and elements of
feasible and efficient transportation.

o Stimulate a transportation system in compliance to modern technological concepts that
takes our needs, capacities, and means into consideration.

o Promote private sector participation in offering transportation services and facilities.

o Develop the public sector’s abilities to manage the system.

o Complement maritime, aerial, and ground transportation so it corresponds to actual
demand.

o  Establish Master Plans for developing ports and airports on the Island.

o Foster the development of airports that have the potential to turn into international
centers for transporting cargo and passengers.

o Reserve the land adjacent to the sea for port use towards expansion, improvements, and
execution of future plans.

o Promote road reconstruction, maintenance, and conservation program so as to keep
roads in optimal and attractive conditions.

o  Attain the physical integration of the city through a road network that actively links the
city’s new developments.

o  Foster the development of collective transportation systems in metropolitan areas.

o Foster the expansion of parking facilities only where necessary and in strategic
locations.

o Foster and make viable the multiple uses of parking areas by promoting intensive
occupation of these facilities.

24.00 Promote the implementation of management and solid waste
disposal systems that include a detailed and extensive inventory of the
amount of this type of waste generated on the Island.

» Establish a plan for regional facilities.

o Develop integrated disposal systems that include recycling, incineration, and sanitary
landfills, taking the effectiveness, costs, and environmental impact of these technologies
into consideration.

o Build strategically located sorting facilities that ease and reduce the costs of collection,
transportation, processing, and final disposal of waste.

o Foster an alliance between the government and the private sector to privatize, as much
as possible, waste disposal.

o Stimulate recovery of material by classifying and separating waste that can be reused or
recycled.

25.00 Develop a plan for handling and disposing toxic and dangerous
waste that includes a detailed and extensive inventory of the amount of
toxic waste generated on the Island and the location of centers for the
recovery, recycling and disposal of this type of waste.

o Demand that industries that generate highly polluting toxic or dangerous waste
minimize pollution risks through the use of advanced technology so that they reduce
generated waste volume.
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o Establish a massive education campaign aimed to residents, advising them on the
possible adverse effects of inadequately disposing of toxic waste.

26.00 Promote a modern, reliable, wide and secure telecommunications
infrastructure and a modern island-wide digital network that helps foster
Puerto Rico’s economic and social development.

o Foster an efficient and top-quality telephone service that includes public telephones,
rural services, and all others that offer the required conditions for the Island’s economic
development.

o Stimulate the use of technologies and innovations that can offer a greater efficiency
level, such as one- or two-way wireless communications and a top quality service under
the most reasonable terms and with lower costs for the user.

o Foster the best long distance telecommunications service possible, establishing diverse
high quality routes toward all foreign countries by combining different types of
technologies, such as land analog and digital stations, underwater analog or fiber optic
cables, and digital microwave radio.

27.00 Identify telephone service and its derivates as one of the essential
elements of Puerto Rico’s infrastructure, so as to develop an economy and
industry that is in tune with the present and the future.

o  Stimulate and coordinate planning telecommunications development so that Puerto Rico
may become the central telecommunications axis in the Caribbean.

o Keep telecommunications development on the cutting edge by establishing a modern
and reliable system that is attuned to the Island’s physical, social, and economic growth.

28.00 Use programming and construction of the telecommunications
infrastructure as an essential component in the land use planning that may
guide integral development.

o Ensure the best coordination between public agencies responsible for providing the
telecommunications infrastructure so as to make sure it is provided at the most
appropriate moment and placed to attain the maximum use of the land in urban areas as
well as in rural areas.

o Demand developers of new constructions for space dedicated to installation of
telephone facilities in new neighborhoods, public roads, industrial, municipal, and
regional parks, special buildings, and commercial areas.

Public policy goals and objectives regarding natural, environmental and
cultural resources areas

GOAL

Maintain and protect our environment by promoting the conservation, preservation and sound
use of our natural, environmental, historic and cultural resources, recognizing that they
represent a variety and wealth of options for our development and an opportunity to promote
the integral and sustainable development of all geographic sectors since these resources are
distributed throughout the Island.
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PUBLIC POLICIES

29.00 Protect, preserve and restore natural environmental and cultural
resources.

o Identify resources location, characteristics, and potential and their susceptibility to
damage or extinction by preparing and keeping an inventory of natural, environmental,
and cultural resources.

o Foster the sound use of the resources identified in this inventory, in a manner
compatible with the preservation of renewable resources and, when deemed opportune,
in cases that deal with non-renewable resources.

o Bring about the population’s awareness of these resources so that that they keep gaining
importance to our integral development, fostering accessibility to resources that can
tolerate it, through compatible uses capable of attracting public to the appropriate
places.

o Foster the preservation and sound use of coastal resources, water resources, and other
natural resources that are important to the Island by preparing, revising, and
establishing regulations for this purpose.

o Foster reforestation aimed at preserving forest resources and also to improve
environmental quality in developed areas.

o Foster planting trees in urban areas so as to create a pleasant urban environment that
contributes to the improvement of quality of life.

e Prepare and implement acquisition, restoration, and management plans and programs
geared towards conservation and sound use of ecosystems and natural resources,
promoting the securing of funds for the acquisition of land whenever necessary.

o Preserve and protect structures of historic, architectural, and cultural value, as well as
the resources of archeological value by implementing and supervising regulations
towards this goal.

o Prepare and implement restoration plans for deteriorated natural, environmental, and
cultural resources.

o Identify natural, environmental, and cultural resources by promoting their sound use so
they can be developed as tourist attractions for the benefit of the Island and foreign
visitors.

30.00 Protect natural, environmental and cultural resources from
destruction or irreparable damages caused by inappropriate use or lack of
vision to mitigate adverse impact caused by other activities.

30.01 Reduce pollution’s negative impact on natural resources by identifying and
controlling the causes and sources of pollution.

30.02 Control land development, construction, and lot division activities that could
negatively affect the quality of waters, particularly in aquifers’ recharge areas and in
immediate basins of lakes and reservoirs, including, among others, activities such as
excessive paving that increases the flow of runoff waters, indiscriminate use of fertilizers
and pesticides that damage the quality of our water bodies, leveling, removal of topsoil, and
movement of soil that causes erosion and sedimentation.
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30.03 Avoid activities that could deteriorate or destroy natural systems that are critical for
preserving the environment, such as mangrove swamps, wetlands, forests, reefs, sinkholes,
dunes, and habitats of endangered species.

30.04 Protect and preserve natural sinkhole areas, careful to avoid deviating runoff waters
that flow toward them.

30.05 Protect wetland areas by allowing uses that are compatible with the preservation
and conservation of their natural state.

30.06 Demand that the development impacts in nesting areas are minimized through
manipulation of lighting and building location.

30.07 Prevent that establishing new activities, or authorizing the division of lots, results in
the unnecessary loss of resources’ future use options, keeping in mind the following
objectives, among others:

e Avoid uses near the reservoir collecting areas that generate pollution, waste disposal
into the water, or erosion.

o Avoid negatively affecting the eventual use of water resources by authorizing activities
or division of lots in places where new reservoirs may be built.

e Avoid underground water pollution by not approving harmful uses and activities in their
collection areas.

e Preserve and improve the quality of waters by providing an adequate treatment of used
waters and by minimizing land movement and controlling sedimentation and erosion.

e Avoid uses and activities capable of harming the sand resource and resources related to
the coastal zone, estuary systems, and others.

e Avoid the construction of structures on beach areas and discourage activities or division
of lots in adjoining lands which have the effect of preventing or hindering free access to
them by promoting free access to their panoramic views, free access to the sun, and their
enjoyment by all.

o Integrate and harmonize residential settlements (and other projects) with the existing
natural environment by promoting reforestation and maintaining the harmony with
natural features such as the vegetation and topography.

30.08 Avoid the demolition, mutilation, destruction, and deterioration of natural resources,
archeological sites, and historic zones.

30.09 Reduce the negative impact of natural disasters and other activities on natural,
environmental, and cultural resources by preparing and implementing mitigation plans.

31.00 Foster protection of areas with karsts soil that due to calcareous
formations and their hydrological characteristics, provide benefits to the
aquifers, protect superficial waters, and maintain the ecological integrity
of natural systems.

o  Stimulate the preservation of haystack hills (mogotes) of a karsts nature.

e Maintain the natural integrity of the drainage systems within karsts soil, discouraging
alterations to the water bodies and superficial watersheds’ charge and recharge areas.

e Avoid hydromodifications in karsts areas of vital importance.
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o Foster the preparation of studies that include geological, morphological, hydrological,
and hydraulic aspects, carried out by entities that have the necessary expertise and by
agencies with jurisdiction over this matter.

e Avoid altering the ecological and hydrological equilibrium in karsts areas where
edaphological and geological studies recommend protecting these formations.

o Implement scientific management measures as part of the procedures to grant permits
for underground water well driving in karsts areas whose supplies require protecting
this resource’s quantity and quality.

32.00 Develop control and management plans for aquatic and marine
pollution by non-point sources of pollution associated to the categories of
urban development, agriculture, construction and operation of marinas,
hydromodifications and the destruction or alterations to wetlands.

e Adopt and implement general management measures that allow for the selection and
implementation of a variety of individual management practices to control all categories
of non-point sources of pollution that affect or could affect water quality and the aquatic,
riverside, or marine ecological systems.

o Evaluate and establish special zoning in reservoirs’ upper watersheds and water bodies
that serve as potable water supply sources, to: avoid the conversion of land that is
particularly susceptible to erosion and the generation of sediments, preserve areas that
provide important benefits to the quality of the waters and/or are necessary to maintain
the aquatic or riverside biota, and to control land development to protect the natural
integrity and the drainage systems of those water bodies.

33.00 Stimulate the preservation of land use in its natural state beyond
the field of urban expansion or in rustic soil, granting additional
recognition to their social and economic benefits and promoting
mechanisms that adequately value such resources.

34.00 Develop plans for managing and preserving non-renewable
resources (minerals) that guarantee environmental quality.

o Determine which mineral resources have economic development potential and net
benefits that would be positive for the Island.

o Determine, by way of feasibility studies, different alternatives for mineral exploitation—
including elements such as development, processing, financing, and selling—thus
guaranteeing environmental quality.

o Gather more information on mining resource areas so as to establish zoning districts
that indicate their location.

e Avoid excessively increasing the cost on eventual exploitation of mineral resources by
authorizing activities or division of lots in places where there are mining deposits.
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Chapter 3:
Coastal Management for Puerto Rico:
Problems and Responses




Chapter III. COASTAL MANAGEMENT FOR PUERTO RICO:
PROBLEMS AND RESPONSES

INTRODUCTION
This section examines the major issues associated with the coastal zone. They fall into three
general categories: Coastal Hazards, Coastal Resources and Coastal Development. The

discussion of each category one begins with a description and analysis of the aspects that
make it important for the PRCZMP.

Each section then presents the applicable public policies of OPP-PRLUP-1995 and those
additional policies that were established by the PRCZMP (1978)22 and then the legal
framework of commonwealth and federal programs related to the implementation of public
policy are presented. Finally, we identify the needs to address conflicts in these policies in
order to create a more effective coastal management program.

3.1 COASTAL HAZARDS

The location of Puerto Rico in the Caribbean and its physical characteristics expose it to
various natural hazards that can be classified into: hydrological, geological and
meteorological factors.

The patterns of human settlements in risk areas increase the vulnerability of people to
events such as floods, landslides and earthquakes, among others. Moreover, it is necessary to
consider the effects of global warming and how these may influence the increase in the
vulnerability of coastal populations. In this section, we discuss the natural hazards to which
Puerto Rico’s coastal zone is exposed to, including the possible effects of global warming and
climate change.

3.1.1 FLOODS (STORM SURGES AND TSUNAMIS)

Findings

The topography and location of communities in the drainage areas and river banks causes

that the floods that developed during significant rain events induce considerable damage to
life and property. In Puerto Rico, rivers originate in the central mountainous interior region

of the island where the valleys are narrow, relatively short and steep, especially those
leading to the South coast. Large areas of the coast are also subject to storm surge impact
generated by the passage of weather events.

22 These detailed public policies were established in the PRCZMP (1978) to strengthen existing ones. As noted
previously, in this revision and updating there are no additional public policies to those specified in the original
PRCZMP and to those which have subsequently been included through RPC.
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The greatest danger of flooding is that these events affect large areas of the coastal plain.
Floods periodically impact urban and rural areas of Puerto Rico. These, in addition to

landslides and droughts are among the main

geological hazards which affect Puerto Rico
and the Virgin Islands (USGS, 1999b) A relatively recent event which caused

extensive damage in Puerto Rico was
Hurricane Georges, in September 1998.

A ding t hich identify flood risk
ccording to maps which 1dentily Hood Tis The maximum rainfall reported during the

areas in Puerto Rico - known as Flood event was 26 inches in municipalities in the
Insurance Rate Maps (FIRM) -, there are interior of the island. Three deaths were
approximately 21,772,419 ha, with a attributed directly and nine indirect and

imately $2 billion in |
population of 254,166 living in those areas, approximately $2 billion in losses were
reported.

subject to flood risk in the coastal zone. 23

Estimates indicate that there are 1,769,887
ha. subject to flooding from storm surge (Zone VE), which has a 1% chance of being equaled
or exceeded in any particular year. About 17,688 people live in these areas. Storm surge is
the rise in sea level caused by a hurricane or other atmospheric disturbance. Zone VE is
highly dangerous and comprises the area from offshore to where the wave height (distance
between crest and trough) is reduced to less than 3 feet. According to FEMA, studies show
that in the area where the waves are this high, currents and floating material can reach such
speeds that they can cause significant structural damage and great potential to cause
significant effects of erosion (Mercado, 2003).

Storm surge also has the effect of causing coastal erosion and destruction. In Puerto Rico,
the effects of this surge are most severe in the South and East coasts due to the shallowness
of the coast and that the path of hurricanes usually heads in a West-Northwest direction.

Zone A is also important when dealing with coastal hazards because it corresponds to the
inland floodable area in a flooding event of 100 years, where the Zone V ends. The same
effects mentioned earlier for Zone VE can be experienced, but with less intensity.

The following table shows the zones that identify the Special Areas of Flood Risk in the
coastal zone, which have been adopted by the PRPB as subject to the provisions of the
“Special Flood Hazard Areas Regulation”, Planning Regulation No. 13.

23These computations were carried out by Estudios Técnicos, Inc. using layers of geographic information in digital
format (shapefiles) of FEMA in 2004. For the population located in flood areas, each FIRM zone was selected, which
were combined with Census 2000 shapefiles designed in the State Plane coordinate system NAD83. Then, we
calculated the proportion of the area of each census block by flood zone. This ratio was used to estimate the amount
of population within each census block. Importantly, it should be noted that population data could be over or
underestimated, since the analysis assumes that the population is evenly distributed throughout the census block.
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TABLE III-1. FLOODING IN THE COASTAL ZONE

Flooding in the coastal zone

Flooding areas

Population in flooding areas within the coastal zone
(hectares)

Zone Definition % of coastal

zone's
population

% of Puerto Rico's

Puerto Rico Coastal zone Population .
population

Identifies the flooding area for a 100 year
AE storm through a detailed analyses that includes 17,640,439 7,050,731 164,576 4.3% 34.7%
the flooding base level.

Areas with possible, but undetermined flood
D hazards. No flood hazard analysis has been 1,825 N/A 11,939 0.3% 2.5%

conducted.

Identifies coastal areas with a high risk of

VE N 1,769,887 1,769,887 17,688 0.5% 3.7%
storm waves in a 100 year storm.
Identifies the flooding area for a 100 year
A storm through methods of approximation, 5,949,225 1,008,674 26,025 0.7% 5.5%
without the determination of the flooding base
level.
0.2%
annual Also known as the 500 years flood. 1,772,813 406,496 26,158 0.7% 5.5%
Areas of shallow flooding risk. The flooding
area is identified for the 100 year storm
AO 242,734 69,639 7,780 0.2% 1.6%
where average water depths range from 1 to
3 feet.
Total 222,324,366 21,772,419 254,166 6.7% 53.6%

Source: FIRM. 2004. Calculations made by Estudios Técnicos, Inc. employing GIS.

The vulnerability to flooding events has increased over past decades due to poor practices in
land use. First of all, hydromodifications have altered the behavior of water in the flooded
valleys. Likewise, removal of vegetation in the upper parts of watersheds has contributed to
soil erosion, causing sedimentation of water bodies. Consequently, it has compromised its
storage capacity during rainy periods, thus aggravating flooding. The replacement of
vegetation for pavement or concrete has also waterproofed the ground, increasing and
accelerating the rate of drainage of the storms and intense rainfall events.

The elimination of coastal wetlands exacerbates this situation, since they reduce the surge
impact and runoffs. During rain events, wetlands regulate and retain water flow, preventing
flooding in other areas. However, their removal has increased the areas subject to flooding;
causing properties which rarely suffered extensive flooding to now being vulnerable to
severe damage in a flood event.

The location of housing developments, new residential complexes and industrial activities in
flood areas of the coastal zone is another factor that has increased the potential for property
damage in flood events.

Damage caused by flooding can be reduced by the continuation and expansion of inter-
governmental programs. Government action of various types can reduce the amount of
flooding and flood damage. For this purpose, it is possible to:

o take flood control measures, including construction works, carefully designed and
implemented to reduce environmental damage and mitigate loss of benefits caused by the
them (i.e.: nutrient distribution);
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« reforest the upper parts of watersheds and implement measures to reduce the rate of
runoffs;

« train people living in areas susceptible to flooding risk on how to evacuate these areas, and
 take into consideration the potential for coastal flooding when planning land use.

The flood hazard areas, according to the Flood Insurance Rate Map, are represented on Map
9.

Floods caused by tsunamis

In addition to floods caused by torrential rains and storm surge, the coasts of Puerto Rico are

subject to flooding caused by tsunamis. According to the Puerto Rico Seismic Network
(PRSN), tsunamis can be caused by different factors, including: local earthquakes, regional
and distant earthquakes and submarine landslides or impact of a celestial body.

An article that examines the effects of a tsunami on the U.S. East Coast, the Gulf of Mexico,
Puerto Rico and the Virgin Islands, caused by an earthquake in the Caribbean Plate (in which
Puerto Rico is located), pointed out that waves of at least 12m high could be generated, and
its effects could spread over distances up to
2,200 km inland (Grindlay et al., 2005).

Historical data show that Puerto Rico has been
impacted by three tsunamis since 1867. Two of
these occurred in 1867 and 1918, producing
substantial damage, including loss of life.

Tsunamis can also be generated by

landslides on the seabed. The Puerto Rico

Trench is located in the subduction zone2*
The most recent tsunami occurred in 1918, and
was caused by an earthquake of magnitude 7.3,

between the North American Plate and the

Caribbean Plate and is the deepest portion
of the Atlantic Ocean. In the South slope of
the Trench, about 37km north of Puerto
Rico, marks or cavities that are products of
submarine landslides have been identified.

It is believed that the sliding material of
these cavities may have caused significant
tsunamis hundreds of years ago. One of
them was identified north of Arecibo and is

whose epicenter was located in the Mona Canyon,
25 miles off the coast of Aguadilla. The maximum
height of the waves reached six meters inland,
impacting the West of the Island, and causing loss
of life. The estimated time between the earthquake
and the arrival of the first wave was of only one
minute in the Punta Borinquen Sector in Aguadilla,
and it affected all the West of Puerto Rico with
waves of up to 20 feet.

believed to have been the product of a slope failure that caused the release of 910-1500km 3
of material (Schwab et al,, 1991 in Mercado et al,, 2002). It is estimated that this could have
created a tsunami with a "runup"?5 of up to 30-55m and a "runup"” greater than 10m along
the Northern coast of Puerto Rico (Mercado et al., 2002).

24 Subduction is the sinking of a lithospheric plate beneath another, in this case is the displacement of the North
American plate beneath the Caribbean Plate.

25 “Runup” is defined as the maximum elevation reach by the water at some point inland.
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There is evidence that shows other smaller scale events rock fractures up to 35-40 km in
length. Some of these fractures have been observed in the Mona Passage, where there is an
active earthquake fault, which can accelerate the collapse of rocks at the seafloor and
generate a tsunami.

Over the years, studies have been conducted to find out the implications of the sliding of
these materials, particularly if it occurs in one event. These studies respond to the urgent
need for monitoring measures in the face of this possibility. In particular, it was found that
the North of Puerto Rico has all the necessary conditions for submarine landslides to occur
accompanied by a tsunami, among which are:

 steep slopes near the coast;
« history of previous landslides (including a very large one);

o gradual reduction in the stability of the slope due to tectonic movements and the
continuous sedimentary overload coming from the largest rivers in Puerto Rico;

o the presence of multiple underwater canyons;
« the presence of active geological faults; and

o the increase in the intensity of the surge that occurs every year as a result of extra tropical
storms - which has the effect of destabilizing the sediments along the slopes - as well as
the surge produced by hurricanes.2¢

Public Policy

Public policies related to the issue of flooding, including coastal flooding, are listed as
sections 15.01, 16.00, 17.00 and 30.02 of the OPP-PRLUP of the PRPB. These range from
identification of land subject to flood risk in the PRLUP and the POT (15.01), to protection of
the residents of these areas through the construction of works for flood prevention and,
thus, prevent damage and loss of life, property and, where necessary, the relocation (see
Policy 16.00). For future development, the public policy statement reads:

"To discourage land development and construction of structures for urban expansion in
flood zones unless they provide flood control measures to ensure the protection of life and
property and natural and environmental resources” (See Policy 17.00).

Public Policy 30.02, which regulates land leveling and paving which can reduce the natural
retention capacity of rainwater and thus increase flooding, points out the need to: "Control
land development activities, construction and subdivisions which may adversely affect water
quality, particularly in aquifer recharge areas and in the immediate basins of the lakes and
reservoirs, including among others, activities such as overbuilding that increases the flow of
runoff...”

26 See Mercado et al. (2002). Investigation of the Potential Tsunami Hazard on the North Coast of Puerto Rico due to
Submarine Landslides along the Puerto Rico Trench.
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Implementing the Policy

1. Flood prevention

There are several Local and Federal government agencies sharing the responsibility for flood
prevention. At the local level, are: the DNER, the PRPB and RPA. At the federal level, the
responsibility rests with FEMA, the USACE and the Natural Resources Conservation Service
(NRCS).

With the passing of the “Organic Law of the Department of Environment and Natural
Resources”, Law No. 23 of 1972, as amended, the responsibilities for flood prevention and
conservation of rivers and beaches, which previously fell on the Secretary of Transportation
and Public Works, were transferred to DNER. The DNER coordinates the research, planning
and resource management associated with the implementation of the Program, including
coordination with the PRPB. As part of its responsibilities, the agency enforces a number of
laws associated with flood prevention.

One of these is the "Law for watersheds protection and flood prevention"”, Law No. 47 of
1963. It empowers the Government of Puerto Rico to acquire and declare as public utility
those properties that are necessary or appropriate to carry out projects for hydrographic
basin protection and flood prevention.

The "Law to establish public policy on the prevention of floods in Puerto Rico, the
conservation of rivers and streams and the dedication of green belts for public use", Law No.
49 of 2003, establishes the policy for flood control works which are publicly funded. This law
declares that DNER will perform flood control works and river channeling conditioned to:
(1) the need to prevent or lessen the risk of flooding in areas with a history of damage to life
and property, (2) the purpose of such action is public; and (3) the cost does not exceed other
methods such as expropriation, relocation, filling or removal. This law was amended by Law
No. 83 of 200627, to authorize the DNER to use funds for cleaning proprietary streams in
emergencies or in special cases where - if the work is not conducted - the situation could
become a hazard and cause damage.

DNER is working on several structural works for flood control in rivers Guayanilla, Fajardo,
Santiago in Arecibo, Puerto Nuevo-Rio Piedras and Portugués and Bucana in Ponce. In the
last two - Portugués and Bucana - the agency is also working on maintenance work.

Another local agency that works to prevent flooding is the PRPB. This agency coordinates
FEMA’s National Flood Insurance Program (NFIP). It is also responsible for developing,
adopting and administering the "Special Flood Hazard Areas Regulation", supra, and works
to promote education and public awareness in order to minimize risk.

The PRPB is responsible for the management of the floodplains in Puerto Rico. To that end,
on 8 April, 2005 the agency adopted the Flood Insurance Rate Maps (FIRM) to replace the

27 Act No. 83 of 2006, “To amend Article 1 of Law No. 49 of 4 January 2003: Public Policy on flood prevention and
conservation of rivers and streams”.
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Maps of Areas Susceptible to Flooding in Puerto Rico.28 Thus the new FIRM maps will be
used in Puerto Rico for floodplain management.2?

Furthermore, RPA is the agency responsible for enforcing the regulations adopted by the
PRPB on the use of land and to implement all provisions of the “Special Flood Hazard Areas
Regulation", supra. It is also responsible for carrying out the monitoring of areas susceptible
to flooding in all urban and rural areas of Puerto Rico.

Another mechanism that was adopted by the PRPB and RPA is the "Subdivision and
Urbanization Regulations”, Planning Regulation No. 3. This regulation sets standards for the
leveling of soil so as to promote appropriate development that will contribute to reduce the
amount of drainage water and, consequently, flooding.

At the federal level, FEMA is the agency responsible for making changes to the FIRM.
Meanwhile, the USACE works closely with the DNER in the development of flood control
works. This federal agency provides technical assistance to municipal governments and
provides protection through the management of floodplains. In Puerto Rico, the USACE has
constructed - aside from port facilities - facilities for flood control in the Guanajibo, Matilde,
Juan Méndez and Cibuco rivers. The agency also has other projects in various stages of
development (See Table I11-2).

The NRCS is another federal agency that has worked in coordination with the Government of
Puerto Rico and with local groups to develop flood control measures under the Watershed
Protection and Flood Prevention Program. This program focuses on the creation of
conservation measures and the identification of nonstructural measures in order to address
problems related to flooding and erosion, among others.

In coordination with other agencies such as the DNER, the NRCS has worked in the
construction of two dams, canals and dykes in the Afiasco River basin and the construction of
a canal in the Guayanés River basin, in the Municipality of Yabucoa (Rosa Sanchez Channel).
In addition, works are underway in the basins of the Rio Grande de Loiza, La Plata and Toa
Vaca.3°

The NRCS also works with the Government of Puerto Rico under the Emergency Watershed
Protection. This program works in the implementation of emergency measures, including
the purchase of easements in floodplains in order to retard runoff and prevent soil erosion.
The purpose is to safeguard life and property against floods and other natural events that
can cause the deterioration of basins. This agency also has a variety of programs that will
provide technical and financial assistance to local groups working on the preservation and
development of natural resources.

28 The FIRMS are obtained using statistical analysis of reports of river flow, storm tide and rainfall; information
obtained through community consultation; information of the topographic measures of the floodplain; and analysis
of hydrological and hydraulic studies developed by FEMA,; this is known as the Flood Insurance Study (FIS).

29 Taken from [http://jpops02.jp.gobierno.pr].

30Interview to Mrs. Damaris Medina and Marisol Morales of the NRCS. Caribbean Division. Monday, July 28, 2003.
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TABLE III-2. USACE FLOOD CONTROL PROJECTS

USACE flood control projects

Status
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Rio Grande de Arecibo

I

2 Rio Ojo de Agua (Aguadilla)

3 Rio Culebrinas

4 Rio Yagiez

5 Road 102 (Mayagiez)

6 Rio Guandajibo (Mayagiiez, San German)
7 Rio Guanajibo (Sabana Grande)

8 Boquerén WLR

9 Rio Loco

10 Rio Matilde

11 Rio Matilde

12 Rio Jacaguas

13 Rio Grande de Jayuya

14 Portugués y Bucand
15 Rio Descalabrado

16 Jauca

17 Rio Orocovis

18 Rio Guamani

19 Rio Nigua in Salinas

20 Rio Nigua in Arroyo

21 Rio Patillas

22 Las Carolinas

23 Rio Antén Ruiz

24 Police station

25 Rio Fajardo

26 Pifiones Road 187

27 Rio Grande de Loiza
28 Quebrada Juan Méndez

29 Rio Puerto Nuevo
30 Laguna de Condado

31 Rio Bayamén

32 Dredging of Cafio Martin Pefia

33 La Esperanza

34 Rio La Plata

35 Rio Cibuco

36 Playa Puerto Nuevo

37 Rio Grande de Manati (Cachete y Palmas)

38 Rio Grande de Manati (Barceloneta)

Legend: v~ Major construction projects; $ Proyects depending on Congressional funding

Source: DNER & USACE.
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2. Protecting people who live in flood-prone areas

The warnings and the coordination of evacuations in the face of flood danger is coordinated
with government agencies at the local and federal level. The National Weather Service (a
division of NOAA) issues watches and warnings in flood and hurricane events while the
Commonwealth’s Office of Civil Defense, which is part of the Commonwealth Agency for
Emergency Management and Disaster Administration (AEMEAD, by its Spanish acronym) is
responsible for managing and coordinating evacuation and other emergency services
required during a flood emergency.

FEMA'’s Caribbean Regional Office has been established in Puerto Rico since 1992. This
division is responsible for managing the agency's programs, planning, preparing, responding
and carrying out recovery activities under the Federal Response Plan. 3! It also has a link to
the American Red Cross and serves as the command center in times of disaster.

Regarding floods caused by tsunamis, the Department of Marine Sciences at the UPR,
Mayagiiez Campus, has prepared flood maps for tsunamis and other coastal phenomena.
These were prepared as part of the Program for Tsunami Warning and Mitigation in Puerto
Rico, which is sponsored by FEMA and the UPR. These maps provide government agencies
and municipalities the work related to mitigating the impact of a possible tsunami in Puerto
Rico. The areas identified cover all the coastal municipalities of Puerto Rico, including
Vieques and Culebra.32

The PRSN works in education and operates the Tsunami Warning Center in the Caribbean,
which is the key component for the warning system for tsunamis and other coastal hazards
in the Caribbean and adjacent regions.33 The Center operates several programs including a
system known as the "EarlyBird", which detects earthquakes that have the potential to
generate tsunamis and also discloses information regarding the event. This system monitors
the PRSN seismic stations and 35 other stations in the Caribbean and its surroundings. Its
results are available in real time, so that it can detect all earthquakes of magnitude 5 or
greater in the Caribbean early and accurately. Once detected, the system locates earthquakes
and notifies the PRSN if the earthquake has exceeded the parameters established for the
region.

In addition, for the early detection of tsunamis and the acquisition of critical data in real time
projections, the PRSN installed six mareograph stations throughout Puerto Rico that
complement another 10 similar stations operated by NOAA. These allow the collection of
data from the growth of the tide in this and other regions. The mareographs, in conjunction
with a system of buoys - which was installed in the Caribbean - and a satellite receiver
located in Mayagiiez, allow the confirmation and identification of tsunamis and the

31 This is the plan for responding to national emergencies, including natural disasters. It is administered by the
Department of Homeland Security, agency to which FEMA is ascribed. Currently, this agency is working on the
National Response Framework, which will eventually render the Plan. For more information, refer to:
[http://www.fema.gov/emergency/nrf/mainindex.htm].

32 These maps can be accessed through the web page: [http://poseidon.uprm.edu/].

33 See the Puerto Rico Seismic Network web page: [http://redsismica.uprm.edul.
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evaluation of their impacts.3*

Similarly, the PRSN has developed tsunami evacuation maps for six coastal municipalities:
Lajas, Mayagiiez, Afiasco, Carolina, Dorado and Rincén. Funds have also been allocated for
the development of maps for the municipalities of Manati, Ponce and Aguadilla.35

Need: Monitoring the accuracy of the maps of areas susceptible to flooding.

FEMA performed studies on flood areas in much of Puerto Rico and generated preliminary
maps of Special Areas of Flood Risk in 2007. It is expected that they be finally adopted in
2009. Together, they make corresponding amendments to the “Special Flood Hazard Areas
Regulation”, supra, to adjust them to the maps and their nomenclature. However, one should
consider that these maps are developed as part of the NFIP for setting flood insurance
premiums. However, they are used in land use planning, for being regarded as the best
scientific information available on this subject.

Need: Public education program.

The loss of lives as a result of weather events strengthens the need for an intense public
education program. The purpose of this program would be to instruct residents of the
danger areas on the coast regarding evacuation and other safety measures to be taken in
times of emergency, including hurricanes, significant rain events and tsunamis. The
disclosure of information about the dangers of flooding is also essential to ensure awareness
and understanding by those who could be potentially affected.

Also, people should be made aware of how the destruction of natural systems, which protect
against flooding, may increase vulnerability to natural phenomena. Despite numerous works
for construction of flood control, the occurrence of flooding in areas not commonly
considered as flooded is more frequently observed. The alteration of the topography, land
sealing for construction, and expansion of buildings on the floodplains of water bodies, are
factors that aggravate the flooding situation.

During fiscal 2002, Puerto Rico, through AEMEAD, received an allocation from the
Department of Homeland Security for the Emergency Preparedness and Response, in order
to train citizens to respond to emergencies in their communities through Community
Emergency Response Teams (CERT). Its purpose is to prepare citizen groups interested in
providing immediate assistance to victims in the event of a disaster, organize volunteers and
provide support to rescuers. In Puerto Rico, aside from the municipalities, private and
community groups have been certified under this program.

Regarding floods caused by tsunamis, the Puerto Rico Tsunamis Mitigation and Warning
Program includes the preparation of coastal populations that could potentially be affected by
this phenomenon so they can recognize natural warnings in the face of a possible threat. This

34 This is a DART buoy system, which are monitoring stations for early detection of tsunamis and to acquire critical
data for real time projections. The letters correspond to Deep-Ocean Assessment and Reporting of Tsunami (DART
™) and are located in regions with a history of occurrence of destructive tsunamis. For more information see:
"NOAA's National Data Buoy Center".

35 Personal communication with Dr.. Christa G. von Hillebrandt-Andrade, Director of the PRSN, February 20, 2008.
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Program has worked with drills, educational seminars and a catalog of tsunamis. Educational
materials have been prepared on safety for boaters and information for children. It has also
developed and distributed a protocol for responding to a possible tsunami and prepared 250
tsunami hazard signs that have been placed in areas vulnerable to these phenomena.

However, we need an education campaign about the real danger of a tsunami, particularly
for the residents of the coastal municipalities of the North, Northwest and East. Similarly, a
massive orientation campaign to recognize the signs is needed, and about how to respond in
the event of this type of incident; for example, to recognize that the withdrawal of the sea is a
sign of a tsunami.

Need: Preventively relocate people who reside in areas subject to recurrent floods.

Although people living in flood risk areas can be oriented for evacuation and other
emergency measures, relocation is the most suitable and secure long-term alternative.

The "Law to establish public policy on flood prevention in Puerto Rico, the conservation of
rivers and streams and the dedication of green belts for public use", supra, provides that
when evaluating alternatives for flood control, DNER should estimate the direct, indirect and
cumulative costs and environmental impacts caused by the flood control works, including
mitigation. If the cost of works is determined to exceed the costs of expropriation, relocation
or removal of structures and improvements built in a flood zone, the DNER shall expropriate,
relocate or remove such structures. In the case of works which have been constructed in
violation of the "Law for the Control of Buildings in Areas Susceptible to Flooding", Law No. 3
of 1961, as amended, DNER shall act under its provisions, which establish that the relocation
of families impacted in these areas shall be coordinated with the Puerto Rico Department of
Housing (PRDH) and, eventually, these areas must remain free of residential, commercial or
industrial development.

3. Preventing inappropriate developments in flood hazard areas

RPA is the Commonwealth government agency charged with regulating and granting all
building permits, except in the cases where it has delegated the power to municipalities,
under the provisions of the “Law of Autonomous Municipalities", supra. RPA also has a
responsibility to safeguard the environment and preserve natural resources, implement
building codes and auditing mechanisms necessary for the compliance with laws and
planning regulations.

The "Special Flood Hazard Areas Regulation", supra, provides that RPA has the
responsibility to review all development permit applications in a coastal area of risk to
determine whether the proposal will alter wetlands or dunes, so it may increase the risk of
flood damage. The regulation also states how changes to the natural hydrology of the
floodplain must be avoided.3® However, the implementation of the regulation has been
ineffective in preventing inappropriate development in flood plain areas, mainly due to the
fact that the avoidance of construction in areas identified as floodplains has not been
established as a priority in development.

36 Section 3.02 No. 7.
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Another agency linked to the prevention of developments in areas of risk is the PRPB, which,
aside from evaluating and granting or denying land use permits, is responsible, through its
Coastal Zone Unit, for the determination and certification of compatibility with the PRCZMP
for projects which are proposed within the coastal zone. The review of Federal Consistency
with the PRCZMP applies only to federal projects, projects that are federally funded or
require a permit from a federal agency. Also, the PRPB, along with NOAA, deliberates on
appeals regarding Federal Consistency determinations with the PRCZMP.

Those proposed projects in the coastal zone which do not require this certification, are
reviewed by the division of consultation and endorsement of the PRPB and RPA. These
circulate the majority of plans to other agencies, including DNER, which has the
responsibility to make appropriate recommendations to the PRPB and/or RPA on steps to be
taken for flood protection. Also, the PRPB, based on its policies and recommendations, may
require the developer to take the necessary measures to control floods.

Efforts to improve the monitoring of developments in flood plains are associated with the
Flood Insurance Program. These will be described later.

Aside from the protection that the previously described mechanisms provide, the
development control process outlined in the fourth chapter provides another measure of
extra protection.

Need: To seriously examine the hydrographic impact of the projects proposed in river basins
and their effects on flood-prone zones.

It is recommended to examine the potential impacts of developments in flood areas for each
project in the context of the hydrographic basins. At present, the hydrological and hydraulic
studies (H-H study) focus only on the hydraulics of the water body and not on the hydrology
of the hydrographic basin where the proposed action is located. Thus, each project is
evaluated separately; however, their evaluation should no longer be carried out individually,
but as part of the hydrological environment.

Need: Reexamine the focus of structural alternatives for flood control.

It is necessary to transform the structural approach that incorporates the construction of
flood control works as a first alternative. It is recommended, as a first alternative, to
maintain water bodies in their natural state in conjunction with an appropriate buffer zone.
The reforestation of watersheds upper parts and the preservation of rivers in their natural
state are non-structural measures that can be used for prevention and mitigation of the
effects caused by floods.

An alternative to traditional canalization of rivers is bioengineering and design with nature.
This is a creative and environmentally safe option which employs materials and construction
systems alive and close to nature. This technique aims to maintain the structure of the river
and its functions unchanged. Moreover, it allows the inter-relationship between the river
and its flood valley (CEMPES, 2003). This is a viable medium-term practice which is also in
tune with the approach of conservation and sustainability.
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Need: Rigorous adoption of regulations to prevent excessive land leveling and paving.

The existing legal framework has regulations which restrict or prohibit development in flood
plain areas, while controlling actions such as filling, leveling or dredging, which can increase
damage from flooding or swells. However, it is necessary to enforce these measures in order
to protect citizens from flood events.

Need: Incorporate the various risk factors in land use planning.

The officials responsible for decision making must be educated and informed about the
urgent need to consider coastal hazards in the planning of land use. There are additional
measures such as further coastal withdrawals, in addition to the regulations, which may be
incorporated in the territorial plans at the municipal level as a protection measure for
coastal life and property.

4. Insurance for owners of property in flood prone areas

The NFIP, established by the "U.S. National Flood Insurance Act" in 1968 and expanded by
the "Law on Flood Disaster Protection" in 1973, was designed to provide affordable flood
insurance through federal grants. This program covers buildings in areas of low, moderate
and high risk. Currently, there are maps of areas subject to flood hazard (FIRM) for the
Island’s 78 municipalities, as part of the Flood Insurance Study.

It should be noted that the NFIP excludes areas which have been declared as coastal barriers
under the "Coastal Barriers Act" of 1982 (CBRA), administered by the USFWS. These are
environmentally sensitive areas which receive the first impact of the wind and waves during
storm events. In these areas, the purchase of flood insurance for structures which have been
constructed or improved after the passage of the Law is prohibited (See the Coastal erosion
section).

Moreover, in 1994, U.S. Congress expanded the scope of the aforementioned laws, leading to
the "National Flood Insurance Reform Act" (NFIRA). It establishes, among other things, a
Program of Assistance for Disaster Mitigation. The purpose of this program is to assist states,
territories and communities in developing mitigation plans and implement measures to
reduce future flood damage. This program is administered by the FEMA Mitigation Division.

3.1.2 GEOLOGICAL RISKS

Findings

Puerto Rico is located in an area of high seismic activity. Puerto Rico is surrounded by
geological faults that are the result of the convergence of the Caribbean Plate, which is where

the Puerto Rican archipelago is located, with the North American plate. Moreover, there are
multiple faults within the [sland.

A study conducted by the U.S. Geological Survey (USGS) in 2003 on the probability of seismic
activity in Puerto Rico, revealed how the West and Southwest part of the Island are the most
vulnerable to earthquakes. Tectonic plate movements are responsible for seismic activity in
Puerto Rico except for a few low magnitude incidents caused by faults in the interior of the
Island which have distinct patterns and are not associated with earthquakes. Geological
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surveys show that in the Great Rift of Southern Puerto Rico, as well as in the one in the
North, there has been no movement over millions of years.3?

There are four zones of seismic activity around Puerto Rico. They are: Mona Canyon, the
Puerto Rico Trench, the Pit of Anegada and the Pit of the Dead. The strongest earthquakes
recorded in the Mona Canyon and the Puerto Rico Trench are:

TABLE I1I-3. Earthquakes registered in the Mona Passage and the PR Trench

Earthquakes registered in the Mona Canyon and the Puerto

Rico Trench

Area Year Degrees Richter
Mona Canyon 1943* 775
Mona Canyon 1918 7.5
Mona Canyon 1917 7.0
P.R. Trench 1915 7.0

*Close to the union with the P.R. Trench

The seismic activity recorded in Puerto Rico or near the Island during the past decades is
presented in Map 12.

In Puerto Rico, there have been three documented earthquakes over the last centuries which
have caused major damage. The first one happened on May 2, 1787 with intensities of 7-8 on
the Richter scale and damage throughout the Island, except the South coast. Subsequently,
on 18 November 1867, an earthquake occurred with intensity of 7-8 on the East coast of
Puerto Rico, and an intensity of nine in the Virgin Islands. The same earthquake was
accompanied by a tsunami of 3 to 5 feet and damage to the east of the [sland. Meanwhile, the
latest earthquake which caused major damage occurred on October 11 of 1918 in the Mona
Canyon. It measured 7.5 and caused damages in Northwestern Puerto Rico. This earthquake
was accompanied by a tsunami wave of 3 to 5 feet height.

In recent years there have not been earthquakes which have produced serious damage,
although there are frequent seismic movements on the Island. Earthquakes with an intensity
of less than four have produced little or no damage, although the land movements related to
these events have been felt.

Unfortunately, susceptibility to earthquakes has not had the importance it deserves in
development proposals in the Commonwealth. As an example, the site proposed for the
nuclear plant in Aguirre, proved inadequate due to geological hazards. In addition, other
hazards associated with earthquakes such as liquefaction, seismic-wave amplification,

landslides and tsunamis, are often not taken into consideration. In the coastal area, between
Condado and Isla Verde, construction has been carried out on top of sand deposits of marine
origin which, in addition to its low elevation with respect to the average sea level (less than

37 See PRSN link: [http://redsismica.uprm.edu/spanish].
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three meters), are saturated with water, which makes the area susceptible to liquefaction in
the event of a strong earthquake, compromising the safety of their structures (Estudios
Técnicos, Inc. & CEDES, 2001).

Moreover, the collapse of sinkholes in areas of karst topography is another potential
geological risk. Most of the kart territory is porous and fractured; therefore, the infiltration

of rain results in the dissolution of limestone, increasing its porosity, which can lead to its
collapse.

Limestone presents at least three problems for construction projects: differential
compaction due to the irregularity of the bedrock, tunneling3® and the collapse of
underground cavities (Lugo et al,, 2001). However, projects - such as buildings, roads and
urban development - have been constructed which could be in danger of collapsing. Also,
inadequate management of these lands, including over-pumping of aquifers, usually results
in altering the flow and quality of groundwater that eventually discharges into the coastal
zone.

The coastal plains are susceptible to landslides, predominantly along water bodies’ canals or
where they emerge from the tower karst or steep haystack hills through young sediments. If
these sediments are exposed to earthquakes, lateral displacement can occur in the coastal
plain based on liquefied sediment. Younger sediments, which form the coastal plains that
surround the Island, have gentle slopes. Therefore, landslides on the coastal plains are
limited - usually - to the river banks, which may threaten structures built on these plains
(DeGraff et al., 1989).

Monroe (1979) documented four categories of susceptibility to landslides in Puerto Rico.

These areas are classified as: very high susceptibility areas, including areas of active and
recent landslides; areas of high susceptibility; areas of moderate susceptibility and low
susceptibility areas. It should be noted that more than 80% of the population of the coastal
zone is found in areas of low susceptibility to landslides. These are described below.

38The formation of tunnels or tubular cavities below the surface by the action of water.
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Susceptibility

Very high

High

Moderate

TABLE I11-4. LANDSLIDE CATEGORIES

Landslide categories

Definitions

Areas consisting of landslide materials and a few
appear to have been recemented into a fairly stable
terrain. Because of the danger of disturbing present
stability, these areas should either be avoided or
special precautions should be taken to prevent new
movement during excavation. Excavations in these
areas almost invariably causes new slides in old slides
deposits.

Almost all areas having slopes greater than 50
percent, areas of slide-prone rock and soil types
mapped as areas of high susceptibility such as the
Formations Cibao and San Sebastién.

Areas considered as stable, except when disturbed
by steep-sided excavations.

Nearly flat or are underlain by unweathered stable
rock. It is mostly composed of alluvium, coastal
deposits, such as beach deposits and swamp deposits.
Includes extensive deposits of dune sand and
eolianites along the Atlantic coast. Excavations into
these materials may lead to slide.

Source: Monroe (1979). Calculations made by Estudios Técnicos, Inc. employing GIS.

Puerto Rico Coastal Zone Management Program

Revision and Update

Areas occupied
within the coastal
zone (hectares)

0.21

9.97

9,931

87,799

Population

58

47,180

440,179

Proportion of the
population within the
coastal zone

0.0%

0.0%

9.1%

84.8%
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Responding to findings

The PRSN was installed in 1974 by the USGS. It was established with funds from the former
Fluvial Resources Authority (now Puerto Rico Electrical Power Authority (PREPA) for the
primary purpose of assessing the local seismicity for the construction of two nuclear power
plants: Aguirre and Islote. Between 1982 and 1987, the PRSN was operated by the Center for
Energy and Environment Research. Subsequently, in 1987, it was transferred to the
Department of Geology, UPR Mayagiiez.

The PRSN currently operates 25 seismic stations in Puerto Rico and the U.S. and British
Virgin Islands. The technology used by the PRSN, in coordination with the USGS, is based on
two types of networks: strong motion, which records the events of greater intensity, and
smooth, which detect events of lesser intensity. The Strong Motion Network is part of the
USGS Earthquake Hazards Program. The PRSN has 30 stations in different parts of the Island
(two of them belonging to USACE). Another 78 stations and five instrumented structures
belong to the USGS. The information offered by the PRSN is also used to define the location of
land displacements or landslides more accurately.

The USGS has prepared seismic hazard maps in Puerto Rico which serve as a standard to
regulate building codes and the insurance industry. These geological maps warn of the
presence of unstable areas, mass displacements and large landslides. They provide
information from the field, faults and sinkholes.

In addition, the NRCS has inventoried most soil types in Puerto Rico. These were digitalized
so that they can serve as a tool in spatial planning, particularly for the identification of risk
areas.

Need: Study of losses and damages in earthquake events.

Although there are maps and models which identify areas in Puerto Rico subject to greater
risk of earthquakes, there is still no study that incorporates the potential damage and loss of
life in the case of an event of great magnitude.3? This study should consider the potential
generation of a tsunami and the point on the coast nearest to the epicenter.

Need: Absolute prohibition of activities such as sinkhole filling and urban development on
karst formations.

While Puerto Rico has laws protecting limestone formations, the practice - both legal and
illegal - of activities such as filling and construction on such unstable ground, continues. This
jeopardizes public safety as well as ecosystems and resources associated with these
formations.

These problems have increased despite the fact that there are special laws prohibiting the
destruction of delicate ecosystems and their formations. These are the "Protection and
Conservation of Puerto Rican Caves, Caverns and Sinkholes Act", Law No. 111 of 1985, and
the "Protection and Conservation of Puerto Rican Karst Physiography Act", Law No. 292 of

39 PRSN. Telephone interview to Dr. Victor Huérfanos. August 21 of 2003.
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1999. Both laws establish as public policy the protection and conservation of these natural
formations. However, they do not include the absolute prohibition of activities such as filling
and construction of structures on limestone formations, which could cause the collapse and
detachment of the land.

Following the provisions of the "Protection and Conservation of Puerto Rican Karst
Physiography Act", supra, in 2008 the DNER prepared the Karst Study (Estudio del Carso).
This document identified and delimited areas, based on their importance and geological,
hydrological and ecosystem function cannot be used, under any circumstance, for the
extraction of earth crust materials for commercial purposes, including commercial
exploitation.

The Act also provides that the "Rules governing the extraction, excavation, removal and
dredging of Earth crust components”, Regulation No. 6916, must contain the prohibitions
resulting from the study. It also establishes that the areas delimited to be preserved, should
be zoned using districts directed or related to conservation in the zoning maps, which were
identified in the study, following Planning Regulation No. 4, “Puerto Rico Qualification
Regulation".

3.1.3 COASTAL EROSION

Findings

Coastal erosion is attributed to natural or humans causes. It occurs when wave action, due to
rising sea levels, changes the position of the coast, displacing it inland. Sandy shores are
morphodynamic systems that circulate sand to dissipate wave energy and to maintain
balance. They are subject to erosion and deposition; therefore, periods of severe erosion are
followed by periods of expansion of the beach. Erosion is part of the mechanics of
adjustment to the changes in coastline due to the regime of wave energy (Cintrén, 2004).
However, this natural process is perceived as a harmful event when it affects structures
located on the coast.

Natural causes of erosion include the action of ocean waves, ocean currents and burrowing
organisms. However, other variables such as loss sediment sources and severe storms cause
the displacement of the coast inland.
Another factor is global warming,
which has the potential to substantially
increase erosion rates due to increases
in sea levels and in the frequency and
intensity of weather events.

Coastal erosion occurs in many parts of
Puerto Rico. However, in coastal areas
such as the shores of Guajataca and

parts of the Old San Juan, erosion rates

are practically zero (Bush et al., 1995). Coastal erosion in Loiza

Meanwhile, other beaches, such as in Picture by: C. Olmedo, Estudios Técnicos, Inc.
Loiza and Rincén, have been
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narrowing through the process of erosion.

The process of coastal erosion can cause serious damage to terrain and structures. Some of
the damage includes loss of the fertile layers of soil, loss of recreational value of some

beaches and the undermining of buildings, houses, bridges and roads.

In addition to natural causes, human activities have become a coastal erosion risk factor.
This process has been aggravated by the proliferation of rigid structures along the coast in a
highly mobile and changing environment. Other engineered rigid structures located on the
coasts are presented as measures to protect property - like embankments and breakwaters
- have the effect of accelerating the process of coastal erosion, in addition to high costs.

Activities which occur in watersheds’ upper parts also contribute to the processes of coastal
erosion, changing the sediment supply reaching them. For example, when damming a river,
sand is trapped behind the gates and starts settling, as has occurred in the La Plata and
Carraizo Dams. While downstream, on route to the sea, the river picks up materials such as
clay and silt. This causes less sand to reach the mouth of the rivers and beaches and, instead,
the sand reaching the coast is thinner and prone to be removed more rapidly out to sea by
wave action (Bush et al,, 1995). These actions hinder the natural erosion process - necessary
for some of the beaches that do not have coral reefs - because the sediments contribute a
part of the materials needed to keep it stable.

Other actions exacerbate the erosion process, among which are: the illegal extraction of sand
from river mouths, dunes and beaches; agricultural practices without proper controls; the
paving and excessive urbanization and the removal of mangroves. These actions increase the
amount of sediment reaching coastal waters, destroying the protective reef offshore.
Although these situations represent physical and economic damage, no quantitative
estimates for Puerto Rico have been inventoried.

Different types of measures can be taken to address the problem of coastal erosion. Some

include: (1) protection of natural systems such as mangroves and coral reefs, which protect
the coast and slow erosion; (2) redirect development outside the erosion hazard areas; (3)
monitor compliance with the statutes governing the activities that can accelerate erosion,
like sand extraction; (4) feeding the beaches; and (5) the construction of structures at an
angle, rip raps or jacks which allow energy dissipation.

Public Policy

The OPP-PRLUP, establishes policy related to urban development. Objective 1.02 points to
the need to "Prevent and discourage urban sprawl and the development of isolated urban
centers using as criteria ... that the land where the project is located not be ... susceptible to
significant erosion, landslides, and/or environmentally critical." (See policies under
Objective 1.02.)

Implementing the Policy

The "Regulation for Use, Surveillance, Conservation, and Management of the Territorial
Waters and Submerged Lands and the Maritime Zone", supra, states that every application
for granting an authorization or concession on public property will be done by assessment of

Puerto Rico Coastal Zone Management Program Page | 79
Revision and Update



the likely impact, including cumulative impact, of the proposed activity on the public
interest. To determine the suitability of uses, the regulation states that it must evaluate
several factors, including erosion. This regulation also identifies areas with severe problems
of erosion among the sites unsuitable for authorizations or concessions.

The "Regulations for the Extraction, Excavation, Removal and Dredging of Earth Crust
Components", supra, states that a permit from the Secretary of the DNER is also required for
removing material from the Earth's crust for commercial purposes. Among its evaluation
criteria, this regulation states that the effects of the proposed activity on erosion of the
maritime zone have to be considered when evaluating a permit application.

Moreover, the PRPB’s Coastal Zone Unit is in charge of the Federal Consistency Procedure
with the PRCZMP, which seeks, among other things, to prevent inappropriate development
in areas subject to coastal erosion. Also, the PRPB, empowered by the "Special Flood Hazard
Areas Regulation”, supra, has the power to restrict or prohibit developments which have the
potential to increase flood waters or speeds resulting in increased erosion. This agency also
has other laws and regulations which indirectly work with the erosion problem. RPA,
meanwhile, has the responsibility of ensuring that no building on the Island is constructed,
altered, eliminated, or transferred, nor any land developed or altered, unless the action has
been approved by the agency in compliance with planning laws and regulations.

Moreover, in 1982 the CBRA law was passed, which is intended to discourage development
in vulnerable and high risk coastal areas designated as coastal barriers, particularly those
conducted with federal funds.

Areas considered as coastal barriers, being composed mainly of consolidated sediments, are
highly unstable for construction and are susceptible to erosion. These form the first line of
defense against the winds and tides caused by weather events and may consist of
mangroves, sand bars or islets and cays.

Through the CBRA, undeveloped areas are designated to serve as protection against high
winds and wave energy, in order to protect life and property from hurricane ravages, as well
as the conservation of natural areas. Currently, in Puerto Rico there are 8,431 ha declared as
coastal barriers (Zinn, 2003). These are located primarily in the Southwestern portion and
Northeast portion of the Island (see Map 13).

Another measure to discourage development in areas designated as coastal barriers is their
ineligibility for flood insurance through NFIP. Insurance is only available if the structure was
built or the development was approved prior to the approval of this law. However, insurance
will not be renewed if an existing structure is substantially rehabilitated or if it is
deteriorated.40

It should be noted that this law does not restrict activities carried out with private funds or
other non-federal funds.

40 There are exceptions for certain activities that can be carried out in areas designated as coastal barriers, among
which is research related to fisheries and wildlife, and national wildlife refuges.
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Although some measures to prevent erosion are already established in Puerto Rico, in part
by the PRCZMP, more information is needed regarding the importance of shoreline change
due to coastal erosion as well as the benefits of addressing this issue.

Studies exist on coastal erosion in some areas of Puerto Rico. For example, studies have been
conducted on erosion in the coastal municipality of Rincén. In 2003, the USGS published a
study of erosion in a segment of this coast during a period of 44 years (1950-1994). The
results of this study showed how the construction of a small marina in 1993, of a system of
breakwater/embankment, and the continued removal of dredged material for the entrance
to the marina, accelerated the process of coastal erosion. This problem has grown over the
past years prompting the agency to carry out another study on changes in the coastline of
this municipality for a period of 70 years (from 1936 to 2006). A significant finding of this
study is that, for the past 70 years, portions of the coast of Rincdn have been reducing at a
rate of one (1) meter per year. This is not a recent phenomenon, rather, it responds to the
combination of natural factors which have been aggravated by anthropogenic factors, such
as sand extraction and the proliferation of structures along the coast.

The USGS also conducted a study on the impact caused by Hurricane Hugo on Puerto Rico’s
coasts and the recovery of the shoreline after the event. The beach profile observed for this
event showed that in some beaches of higher elevation there was more erosion, while in the
lower areas there was deposition. However, the study reported how most beaches, except
those with engineering structures, showed a rapid recovery. This study also demonstrated
the importance of information to help track the sediment load in significant weather events.
Prior to the study, in Puerto Rico there was little information on the movement of sand
during storms or hurricanes, whether it was recoverable and whether the environmental
damage was permanent. However, the study showed that the sand was moved from one

place to another and that other geological factors were involved in the process (Schwab,
1996).

On the other hand, private institutions have joined government agencies to conduct studies
on erosion processes and their impacts. The Heinz Center published the "Evaluation of
Erosion Hazards" in 2000, which considered the causes and economic impact that this
process has for the government and individuals. This study, commissioned by FEMA, points
out the measures adopted in several coastal regions, including Puerto Rico, in coastal zone
management (The H. John Heinz III Center for Science, 2000).

In 2002, Jack Morelock and Maritza Barreto, of the Department of Marine Sciences at the
UPR at Mayagiiez, worked on updating the study on coastal erosion carried out in 1978. In
the update, the areas considered in the original study were analyzed to assess changes in the
position of the coast between 1977 and 1999. The areas evaluated were on the shores of
Arecibo, Punta Salinas, Isla de Cabras, Punta Iglesia, El Tuque and Afiasco. The results of the
study showed that areas with more severe erosion since 1971 were Isla de Cabra and Punta
Iglesias. Similarly, it reflected that erosion is not constant in these areas and reported
periods of acceleration (particularly during hurricane events), slowdown or even reversal in
the erosion process. In addition, it demonstrated how the structural measures taken in some
areas with erosion problems have worsened the problem instead of solving it. It also found
that among the factors exacerbating erosion events are hurricanes, erosion of natural
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barriers, mangrove loss and reduction in the sediment load of rivers (many rivers in Puerto
Rico have dams). Another significant finding was that the areas where there was no erosion
process were those fringed by mangroves and reefs (Morelock & Barreto, 2002).

Need: Extensive study on coastal erosion.

In 1971, the USACE conducted an inventory of areas with severe erosion problems.
Subsequently, there have been several studies on coastal erosion in many areas; however,
the Puerto Rico Government lacks an inventory of current information on coastal areas that
are in a state of critical erosion (Bernd & Gordon, 1998). Therefore, it is necessary to conduct
a study to incorporate the causes and the damage caused by coastal erosion and the costs
and benefits of possible solutions. Such a study should include quantitative estimates of the
economic and physical damage caused by coastal erosion. This could be the basis for the
development of measures that remove new developments from areas with erosion potential.

Need: Study the process of erosion and deposition of sand in different coastline areas.

Such a study would help in the formulation of public policies related to the reconstruction of
structures along the coast, to beach feeding initiatives and to the future uses of marine
resources (Schwab, 1996).

Need: Protection of the coast through creative, environmentally safe and cost-effective
measures.

The USACE has developed several measures to control erosion in different parts of the
Island, including Condado and Ocean Park in San Juan, on road PR-187 in Loiza and in Puerto
Nuevo beach in Vega Baja. However, as was noted above, some structural measures have the
effect of aggravating the situation of erosion by influencing the natural dynamics of the coast.
Therefore, we recommend measures to promote the withdrawal of coastal structures.

A cost-effective long-term measure to manage coastal erosion is establishing a setback. This
will require that new construction and structures are made at some distance from the
coastline, as determined by a rate of erosion formula (Sea Grant, 1995). Studies have shown
the likelihood of erosion reaching a structure which has not been built using the measures of
distance from the coast or setback for 30 years is 91%. Considering the lifetime of a building
to be 70 years, it can be assumed that most of the structures built recently along the coast
will be threatened and must be removed.

The demarcation of the maritime zone, as well as the establishment of continuous stripes of
surveillance, rescue or additional protection as needed, can serve as a minimum setback for
all new development on the shores of Isla Grande, Culebra and Vieques.

3.1.4 GLOBAL WARMING AND VULNERABILITY TO COASTAL HAZARDS

Findings

Global warming is defined as the increase in average temperature of Earth's atmosphere. It
is directly associated with climate change, a phenomenon in which the climate varies across
the centuries, influenced by factors such as solar cycles, relative humidity in the atmosphere
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or by changes in greenhouse gases. While some scientists suggest that these changes are the
result of natural causes, the position of the majority of the global scientific community is that
climate change is associated with the emission of greenhouse gases, mainly, from burning
fossil fuels.

In past decades, concentrations of greenhouse gases in the atmosphere increased
significantly as a result of industrialization, increasing the temperature of the Earth's surface
and oceans. According to the Intergovernmental Panel on Climate Change (IPCC) (2007), in
the past 100 years the average global temperature of Earth's surface has increased by 0.74 +
0.18°C (1.3 * 0.32°F).*1 The mathematical models used by the IPCC predict that global
average temperatures will rise between 1.1 and 6.4°C (2.0 to 11.5°F) between 1990 and
2100.

The IPCC, and most of the scientists involved in climate research worldwide, believe the
trend and acceleration of global average temperatures this century is associated with the
emission of greenhouse gases. Increases in global average temperatures are the cause of the
rise in average sea levels, among other possible consequences and impacts on the natural
and socioeconomic systems of the planet. Globally, there has been a rise in sea level of 1 to
2.5 millimeters (mm) a year, and during the last decade this has increased to 4-6 mm year. It
is expected that the average sea level worldwide will increase between 0.09 and 0.88 meters
between 1990 and 2100.42 This will occur as a result of thermal expansion and loss of mass
from glaciers and polar ice caps.

It has been pointed out that even though islands are not major emitters of greenhouse gases,
they are more vulnerable to the effects of global warming. These include rising sea levels,
increased frequency and intensity of extreme natural events and the destruction of essential
dwellings to protect coastlines and provide livelihoods.

Puerto Rico, being a tropical island, is exposed to multiple risks associated with climate
change. In particular, there is the risk of an increase in the frequency and intensity of tropical
storms, hurricanes, rising sea levels, exposure to drought, decline in water supplies -
particularly in the underground water reserves - desertification and possible loss of
agricultural land and increase in disease vectors and health problems. Moreover, the
consequences can be devastating to natural systems (i.e. bleaching of coral reefs) and for
coastal communities and infrastructure, due to increased risks to life and property caused by
the increased frequency and intensity of weather events.

Responding to findings

At the international level, efforts have been made to reduce greenhouse gas generation. The
Kyoto Protocol (1997) has been a complex and ambitious effort to assign maximum emission

41 The IPCC is a global intergovernmental organization created by the World Meteorology Organization and the
United Nations’ Environmental Program. The organism intends to provide objective scientific information to policy
and decision makers.

42 Based on the emission scenarios of the IPCC’s Special Report of Emission Scenarios (IE-EE).
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levels of greenhouse gases to nations which ratify it.#3 However, not all countries signed it,
and temperatures are expected to continue rising even while reducing or eliminating
greenhouse gas emissions, due to the persistence of CO; in the atmosphere.

Moreover, even when climate change requires international cooperation, it is necessary that
governments be responsible for addressing these issues locally. Mathematical models
predict possible scenarios based on the best information available. However, there is an
element of uncertainty, reason why the forecast could be conservative. In this situation, it is
recommended to use the wariness or precautionary principle, based on prevention.

The "Puerto Rico Environmental Public Policy Act", Law No. 416 of 2004, states that the
precautionary principle should be applied in situations of uncertainty where the
environment could be degraded. It also points that one should not use lack of full scientific
certainty as a reason for postponing cost-effective measures to prevent environmental
degradation.

Locally, there are legal and regulatory tools to be used in land planning to safeguard coastal
life and property, including essential infrastructure. These include:

o« The "Regulation for Use, Surveillance, Conservation, and Management of the
Territorial Waters, Submerged Lands Thereunder and the Maritime Zone", supra,
whereby utilization of terrestrial maritime public goods is permitted;

o The "Zoning Regulation for the Coastal Zone and the Access to Beaches and Coasts of
Puerto Rico" Regulation No. 174, which provides, among other issues, the
separation between coastal development and the maritime zone; and

o The "Special Flood Hazard Areas Regulation", supra, which establishes controls for
edifications in zones susceptible to flooding.

Need: Incorporate, for planning purposes, the possibility of a rise in sea levels as a result of
global warming.

There are some non-traditional mechanisms which could be used as tools to protect life and
property from the impacts of climate change. These include policies of right of way that
allow development on the condition that they may be removed in the future to allow
wetlands and beaches to migrate inland; the elimination of phased developments; the
elimination of government subsidies, among others (United Nations Environmental
Programee & World Meteorological Organization, 2001).

According to Diaz (2007), other strategies for prevention and protection from coastal
hazards are:

43 The Protocol and its annexes provide responsibilities for the developed and developing nations and assigns
targets for the countries’ reduction of greenhouse gas emissions between 5-15% below the 1990 levels.

4+ This Regulation was incorporated to the PRCZMP in the year 1988 through RPC.
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o Provide for separation from the coastline, observing criteria such as the
geomorphologic, ecological and oceanographic characteristics for each coastal
sector, the presence of communities and infrastructure;

o adjust the structures vertically as a cost effective measure and for those dependent
on water, like docks, ports and port facilities; and

o protect the coastline through structural measures such as dikes, seawalls and
energy dissipaters in areas with existing structures where it is strictly necessary, the
use of removable structures, sand of the same zone contained in geotextiles or
placement of artificial reefs and, where possible, the construction of angled
structures and rip-rap or jacks, allowing the energy dissipation and sediment
retention in situ.

3.2 COASTAL RESOURCES
3.2.1 WETLANDS

Findings

Wetlands are natural areas defined by their hydrology, soil and vegetation. Water saturation

is the key element that determines the nature of wetlands development, as well as the
development of communities of flora and fauna that live in its soil and surface (Cowardin et
al,, 1979) (See Map 14.).

The " Puerto Rico’s Wetlands Public Policy Act ", Law No. 314 of 1998, as amended, defines
wetlands as those saturated by surface water and groundwater systems at an interval and
duration sufficient to support vegetation typically adapted to conditions of soil saturation,
flooding or stagnation.*> These systems include swamps, marshes, coastal plains (saltpeter
beds and mud holes), open water bodies, salt marshes and similar areas.

Wetlands have important functions and economic, social and scientific value. They serve to
control floods, provide water and recharge areas for aquifers, feed springs, modify climate,
improve water quality, maintain the salt balance needed for estuarine life and stabilize and
protect coasts. In the economic area, wetlands are a highly productive resource by being a
source of food, timber resources, energy, providing aesthetic elements, recreational
opportunities, and influence the quality and ecological status of water bodies including
rivers, aquifers, lakes, reservoirs and estuaries.

According to the Puerto Rico Gap Analysis Project, it is estimated that Puerto Rico has 34,000
ha (4%) of coastal wetlands, of which 42% are saline wetlands and 58% are freshwater
wetlands. Among the freshwater wetlands, 74% (25,100 ha) are dominated by herbaceous
vegetation and 92% (23,000 ha) are seasonally flooded. Of herbaceous wetlands, 77%
(19,300 ha) are not saline and 23% (58,000 ha) are salty. Forested coastal wetlands cover

45 [t should be pointed out that the Commonwealth adopted the federal definition of wetlands from USACE. This
definition corresponds to the regulatory definition for that federal agency’s permit program, under Section 404 of
the CWA.
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approximately 1% of the Commonwealth’s territory, of which 6,700 ha are mangroves and
300 ha are Pterocarpus swamps (Gould, et al. 2007).

Through a NOAA initiative, in 2004 approximately 160,000 ha of benthic niches in the
territorial waters of Puerto Rico were mapped.*® Approximately 87,578 ha of wetlands were
inventoried. It is estimated that 25% of them are found within marine protected areas
(Lopez, 2007). Marine protected areas*’ can be natural reserves, marine reserves, coastal
state forests, national estuarine research reserve or seasonal fishing closures.

4 This does not include Puerto Rico’s entire seabed. The characterization study of benthic niches considered
160,000 ha, representing only a quarter of the Puerto Rico’s insular platform, measured from the coastline to the
edge of the platform. The accuracy of the maps was estimated at 93.6%. The maps were produced by visual
interpretation of benthic features using orthorectified aerial photographs and GIS. The areas not inventoried were:
most of the North coast, due to the turbidity associated with river discharges and strong waves; the central portion
of the West coast, because of the darkening of certain areas by the Guanajibo River and Rio Grande de Afiasco’s
sediment discharges; Monito Island, because it was not photographed; a large portion between the islands of
Vieques and Culebra, which extends eastward along the shelf to the territorial boundary of the U.S. Virgin Islands,
because the depth in the area - by being over 20 meters - did not allow the detection of the composition of the
seabed through aerial photos.

47 Marine protected areas are legally designated areas which have coastal or marine ecosystems, can contain
terrestrial components and have different approaches to conservation, protection levels and/or zoning.
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TABLE III-5. WETLANDS IN PROTECTED AREAS

Wetlands in protected areas

Protected area

Coral reefs

Mangroves

Seagrass

beds

Bioluminescent bay

Bays and
estuaries

Oth

wetlands

3 ° e N o PR

12
13

G x

B

3

Y
=8

N
%

Punta Petrona NR

La Parguera NR
Laguna Tortuguero NR

Ceiba Commonwealth Forest NR
Pifiones Commonwealth Forest NR
Laguna Cartagena NR

Arrecifes La Cordillera NR

Isla Caja de Muertos NR

Arrecifes de Guayama NR

Laguna Joyuda NR

Boquerén' Commonwealth Forest NR
Rio Espiritu Santo NR

Guénica Commonwealth Forest NR
Cabezas de San Juan NR

Islas de Mona y Monito NR

El Pantano, Bosque de Pterocarpus, Lagunas Mandry y Santa Teresa NR

Hacienda La Esperanza NR
Bahia Bioluminiscente de Vieques NR
Cueva del Indio NR

Pantano Cibuco NR

Arrecifes de Tourmaline NR

Caiio Tiburones NR

Canal Luis Pefia NR

Punta Yeguas NR

Caiio La Boquilla NR

Punta Guaniquilla NR

Finca Belvedere NR

Caiio Martin Pefia NR

Corredor Ecolégico del Noreste NR
Ciénaga Cucharillas NR

Wetlands in protected areas designated through legislation

9
3

2

Finca Seven Seas NR
Aguas Costeras Isla Desecheo Marine Reserve
Humedal Punta Tuna NR

Ecosistemas adyacentes a la Laguna Joyuda NR
Punta Viento NR

Punta Cuchara NR

Tres Palmas Marine Reserve

Bosque Estatal Costero de Aguirre”

JOBANERR Estuarine Reserve

Bajo de Sico (seasonal closure)

Abril la Sierra (seasonal closure)

Banco Tourmaline (seasonal closure)

Source: DRNA. 2008.

! Cayo Ratones is part of Reserva Nafural Bosque Estatal de Boquerén .

? The Bosque Estatal Cosfero Aguirre is a Forest Reserve. A segmanet of Punfa Pefrona NR s part of the Aguirre Commonwealth Forest

In Puerto Rico, the majority of coastal wetlands are classified as marine, estuarine and

palustrine, according to the Cowardin classification system used by the USFWS.

TABLE III-6. COASTAL WETLANDS IN PUERTO RICO

Coastal wetlands in Puerto Rico

System
Marine
Estuarine
Palustrine

Total

hectares
23,642
31,947
31,555

87,144

Source: NOAA. (1999). Benthic Habitat Mapping of Puerto Rico and the U.S. Virgin Islands.
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o Marine wetlands are those areas exposed to sea waves and sea currents with a water
salinity greater than 30-35 parts per thousand (ppt). Coral reefs (described in the next
section) and seagrass beds are examples of this type of wetland. In Puerto Rico there are
approximately 23,642 ha of marine wetlands. Approximately, some 2,586 ha (11.07%) are
found within protected areas (Diaz & Dragoni, 1999).

Seagrass beds are subaquatic wetlands located in shallow coastal regions and bays
(Cerame, 2000). Puerto Rico has one of the most diverse seagrass bed floras in the North
Atlantic Ocean. In Puerto Rico, seven species of seagrasses have been documented. The
presence of these submerged beds of aquatic vegetation are seen in the East, South and
Southwest, and in other areas such as the San Juan Bay and the Condado and Torrecilla
Lagoons. About 33.3% of seagrass beds are found within some of the marine protected
areas.

Seagrass beds significantly alter the physical,
chemical and biological properties of coastal areas;
provide nutrients, primary energy and niches that
sustain fish stocks and provide land for fodder for
some endangered species like sea turtles and
manatees (Trichechus manatus). The main factors
that degrade or threaten seagrass are sedimentation
and uncontrolled recreational activities.

 Estuarine wetlands are affected by the tide with low

energy waves, where the water salinity is greater Marine wetland
than 0.5 parts per million (ppm), but may vary due Picture by: C. Olmedo, Estudios Técnicos, Inc.
to evaporation and the mixing of seawater with

fresh water. Examples of such wetlands are saltpeter beds, mangroves and coastal rivers.
The salt marshes or saltpeter beds are sand or mud areas with high concentrations of salts.
In Puerto Rico, there are several protected areas which contain this type of wetland,
among which are Salinas de Cabo Rojo, which are part of the Boquerén Natural Reserve-
State Forest and La Parguera Natural Reserve in Lajas and the Ceiba Natural Reserve-State
Forest. In Ceiba, there are also areas of saltpeter beds within the grounds of the former

Roosevelt Roads naval base.

Another protected area which contains this type of wetland is the Jobos Bay National
Estuarine Research Reserve (JOBANERR) which also contains other wetlands, among there
are mangroves, lagoons, seagrass beds and coral reefs.

Similarly, the San Juan Bay Estuary (S]BE) is a large area within the metropolitan area that
contains various types of wetlands.#® In the estuary, there are several rivers and coastal

48 Since 1992, the SJBE participates in the EPA’s National Estuary Program. This system was designated as an
"estuary of national significance” for its value to the economy and ecology and has a Comprehensive Plan for
Management and Conservation. It is the only participant on the Island and the only one within the program that is
located in a tropical region. The estuary, which stretches from the island of Isla de Cabras, to the west, to Punta
Vacia Talega, to the east, is comprised of the Puerto Nuevo River, the streams Juan Méndez, San Antén, Blasina and
the Malaria Channel. Seawater enters the system through the Boca del Morro in the San Juan Bay; the Boquerén in

Puerto Rico Coastal Zone Management Program Page | 89
Revision and Update



water bodies where fresh water enters the system. Some 89.6 ha of mangroves associated
with the Cafio Martin Pefia are protected as a Natural Reserve (NR).

o Finally, palustrine wetlands are found in freshwater and may be subject to the ebb and flow

of tides. Trees, shrubs, herbaceous plants in persistent development, upright and
entrenched or submerged and/or floating plants predominate in them. The variety of
palustrine wetlands includes swamps, marshes, wet meadows and small and shallow
ponds. In this type of wetland there are also some open water bodies which cover less than
8.1 ha and their depth does not exceed 6.6 feet.
In Puerto Rico there are approximately 31,555 acres of palustrine wetlands, of which
approximately 4.08% is protected (Diaz & Dragoni, 1999). Some NR which contain this
type of wetland are: Reserva Natural Laguna Tortuguero; Reserva Natural El Pantano,
bosque de Pterocarpus y lagunas Mandri y Santa Teresa between Humacao and Naguabo;
Reserva Natural Cafio Tiburones; Reserva Natural Laguna Cartagena; Reserva Natural
Pantano Cibuco and Reserva Natural Caio Boquilla.

The PPRCZMP (1978) also proposed the designation of other palustrine wetlands which
have not yet received the corresponding designation. These are: Bosque de Pterocarpus de
Torrecilla Alta, Bosque Pterocarpus de Dorado and Pantano Espinar. The extension of
Pterocarpus swamps in Puerto Rico is estimated to be of 260 ha (Gould et al., 2007).

Other coastal wetlands included in the list of Areas of High Natural Value with Conservation
Priority from DNER’s Natural Heritage Program (NHP), among which are: Ciénaga Baja in
Rio Grande, the Ensenada Comezén in Las Pictias (important for possessing a Pterocarpus
and mangrove swamp), the swampy area of the wetland Lluveras in Guayanilla, San Jacinto in
Gudnica and Anegado de Cayures in Aguada.

Similarly, other important herbaceous wetlands or swamps part of the SJBE, particularly in
the area of Torrecilla Alta, are Canal Sudrez and the Special Planning Area (SPA) and NR
Ciénaga Las Cucharillas. The latter is considered the largest wetland in the SJMA.4°

In Puerto Rico, 36 NRs have been designated through various mechanisms, as presented in
the following table. Those recommended by the PRCZMP, and which are an integral part of it
through RPC, are discussed in Annex C.

Coverage of wetlands in Puerto Rico has reduced substantially over the past centuries.
Technological factors and government incentives led to the progressive destruction of
wetlands in the first decades of the twentieth century in which both, the government of
Puerto Rico and the U.S,, encouraged activities such as dredging, drainage, the "rescue" and
the deposition of the landfill, among other activities incompatible with the nature of the
system.

Important wetland areas which once sustained a variety of wildlife - like the Laguna de

the Condado Lagoon; and Boca de Cangrejos, between Carolina and Loiza. The system also includes the lagoons San
José, Los Corozos, Torrecilla and Pifiones, as well as the interconnecting cays San Antonio, Suarez Channel and
Martin Peiia.

49 The area has a Management Plan adopted by the PRPB.
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Guanica and the Anegado en el Valle de Lajas - were drained for agricultural purposes.
However, geological and hydrological characteristics of these wetlands were not suitable for
agriculture.

In Puerto Rico, coastal wetlands have been the most impacted. The wetlands in the East part
of the Island have experienced the most damage as a result of tourism, urban-residential and
commercial developments. Meanwhile, the Northern Area has been most affected by the
mitigation process (Perez, 2003).

Another activity which has had a detrimental impact in Puerto Rico’s wetland areas has been
the excessive extraction of aquifer groundwater on the North coast, which nourishes the
Laguna Tortuguero and the Cafio Tiburones. In these areas, the reduction in aquifer water
supply to these wetlands has affected the ecosystem’s balance.

The perception of wetlands as system with little value has changed in recent decades. This
has led to the enactment of various laws and statutes, both local and federal. However, even
with the existence of laws and regulations aimed at protecting wetlands, certain practices
continue that reduce and alter these ecosystems.
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Municipal
Natural area on! I,P
extension
1 Punta Petrona Santa Isabel

2 La Parguera Lajas, Cabo Rojo,

Guanica

3 Laguna Tortuguero Vega Baja, Manati

4 Bosque Estatal de Ceiba Ceiba, Naguabo,
Fajardo

5 Bosque Estatal de Pifiones Loiza

6 Laguna Cartagena Lajas

1.5nm northeast of
Fajardo

7 Arrecifes La Cordillera

8.6nm south of
Ponce

8 Isla Caja de Muertos

9 Anecifes de Guayama Approx. Tnm south

of Punta Figuras in

Arroyo
10 Laguna Joyuda Cabo Rojo
11 Boquerén Cabo Rojo

Date of designation
Septiembre/20/1979
Septiembre/20/1979
January/15/1986

May/14/1998

October/4/2000

Septiembre/20/1979

Septiembre,/20/1979

Septiembre/20/1979

January/19/1990

January/2/1980

January/2/1980

January/2/1980

January/2/1980

January/2/1980

May/14/1998

22/febrero/2005

Puerto Rico Coastal Zone Management Program

Revision and Update

TABLE III-7. NATURAL RESERVES IN THE COASTAL ZONE

Natural Reserves (Reservas Naturales )
PRPB resolution number
Second Extension Resolution PU-002
Second Extension Resolution PU-002
First Amendment to the Second Extension
Resolution PU-002

Resolution PU-002-98-57-01 (Amendment
to marine limits 9nm)

Resolution PU-002-2000-57-01
(Amendment to the terrestial limit)

Fifth Extension Resolution PU-002

Second Extension Resolution PU-002

Second Extension Resolution PU-002

Eighteen Extension Resolution PU-002

Third Extension Resolution PU-002

Third Extension Resolution PU-002

Third Extension Resolution PU-002

Third Extension Resolution PU-002

Third Extension Resolution PU-002

Resolution PU-002-98-55-02 (. |

he coastal zone designated through ad

Reference O hip M Extent
Designation document (brochure) Master DNER DNER 572.80 cds.
Plan Bosques
Technical supplement Plan de Manejo APE DNER, DTPW, DNER 13,290.57 cds.
Commonwealth
Designation document to extend the
boundaries through Punta Jorobado
Designation Document Extension of the
terrestial limit
Plan de Manejo APE DNER, PREPA, PRLA,  DNER 19,080 cds.
Private
Master Plan Bosques DNER DNER 849 cds.
Plan de Manejo APE, Land Use Plan, DNER DNER 1,965 cds.
Technical Supplement, Master Plan
D ! Technical I PRLA USFWS 795.77 cds.
Technical | Plan C Ith, DNER 224.27 cds.
PRIDCO, DTPW,
Maritime public
domain
Management plan Commonwealth DNER 188.36 km’
Designation document (brochure) Commonwealth DNER 1,312 cds.
Designation document (brochure) Commonwealth DNER 308 cds.
Designation document (brochure) DNER, Public domain  DNER 499 ha. (Approx.

Technical Supplement
Plan de Manejo APE
Designation d for Jing the

to marine limit)

Resolution PU-002-2005-55-01
(Amendment to the terrestial limit to
incorporate lands to the northeast and
northwest of the Refugio de Vida Silvestre
de Boquerén and parcels 2, 3 and 4 of
Salina Candelaria (transferred by the
USFWS)

limits of the NR.

1,269 cds.)

Observations

A segment of this area is part of the Bosque Estatal
de Aguirre.

A segment of this area is part of the Bosque Estatal
de Boquerdn. It has a buffer zone.

The LA leased the area to the USFWS for 50 years.

The Management Plan is been updated.

Includes Cayo Berberia .

Includes lands from the Refugio de Vida Silvestre and
the Bosque Estatal de Boquerdn .
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Natural area

12 Rio Espiritu Santo

13 Bosque Estatal de Guanica

21

2

I

o

o

N

©°

S

Cabezas de San Juan

Islas de Mona y Monito

El Pantano, Bosque de Pterocarpus ,
Lagunas Mandry y Santa Teresa

Hacienda La Esperanza

Bahia Bioluminiscente de Vieques

Cueva del Indio

Pantano Cibuco

Arrecifes de Tourmaline

Municipal
extension
Rio Grande

Guénica, Yauco,
Guayanilla

Fajardo

50nm west of
Mayagiez

Humacao/
Naguabo

Manati

Vieques

Arecibo

Vega Baja

7.5nm west of
Mayagiez

Date of designation

February/11/1985

September/14/1995

May/14/1998

October/16/1985

January/22/1997

January/29/1986

May/14/1998

June/4/1986

October/15/1997

June/4/1986

May/14/1998

March/3/1987

June/11/1998

June/1/1989

May/14/1998

March/11/1992

June/11/1998

December/2/1992

5/noviembre/1998

May/14/1998

Puerto Rico Coastal Zone Management Program

Revision and Update

TABLE I1I-7 (CONT.)

Natural Reserves (Reservas Naturales )

PRPB resolution number

Extension to Resolution PU-002

Twenty-Sixth Extension to Resolution
PU-002 (To exclude Punta Miquillo from
the NR)

Resolution PU-002-98-22-01 (Amendment
marine limit 9nm)

Sixth Extension to Resolution PU-002

First Amendment to the Sixth Extension to
Resolution PU-002 (Extending limits to
include Bahia Ballena (Law No. 150 of
1988)

Eight Extension to Resolution PU-002

Resolution PU-002-98-24-01 (Amendment
to marine limit 9nm)

Ninth Extension to Resolution PU-002

First Amendment to the Ninth Extension to
Resolution PU-002 (Amendment to marine
limit 9nm)

Tenth Extension to Resolution PU-002

Resolution PU-002-98-51-01 (Amendment
to exclude NR's lands and integrate them
to the buffer zone)

Eleventh E ion to PU-002

he coastal zone designated through ad

strative mecanisms

Extent

Reference [} P

Designation document Commonwealth,

Technical Supplement Private

Designation document (2) DNER, Public domain

Technical Supplement, Master Plan

Designation document DNER, CTPR, USCG,

Public domain
Technical Supplement
Designation document DNER, Public domain

Management plan

DNER, CTPR, Private,
PRLA, LA

Designation document

Management plan

Desianation d

Resolution PU-002-98-08-01 (Amendment
to marine limit 9nm)

Fifteenth Extension to lution PU-002

DNER, CTPR, LA

Technical Supplement

DNER, NPC, PRIDCO,

Resolution PU-002-98-76-01 (Amendment
to marine limit 9nm)

to ion PU-002

Public domain

Management plan draft

Desi i Public domain

Resolution PU-002-98-06-01 (Amendment
to marine limit 9nm)

Twenty-first Extension to on PU-

Designati LA, Publci domain

002

Resolution PU-002-98-09-01 (Amendment
to marine limit 9nm)

Resolution PU-002-98-55-01

Technical Supplement

Designation document Public domain

DNER

DNER, PRTC

PRTC

DNER

DNER

CTPR

DNER

DNER

DNER

DNER

9,212.27 cds.

447.22 cds.

14,043 cds.

2,583 cds.

2,529.55 cds.

1,119.15 cds.

11.1 cds.

1,000 cds.

19.43 nm

Observations

2.95 cds. are property of the USCG (Lorén Station).

This area was proclaimed Insular Forest.

The Management Plan is been updated.

Title deed and lease contract. It has a buffer zone.
The Management Plan is under the consideration of
PRPB.

It has a buffer zone.

Lease contract and the management agreement

The LA made the compromise to transfer the title
deed to the DNER free of charge.
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TABLE I1I-7 (CONT.)

the coastal zone designated through adm

Natural Reserves (Reservas Naturales )

Natural area Munlcl?ul Date of designation PRPB resolution number Reference O hip Extent i Observations
extension
22 Cafio Tiburones (RNCT) Arecibo October/16/1998 Resolution PU-002-98-06-02 Designation document LA DNER 3,428 cds. Agreement for the Protection and Management of the
RNCT and the PRLA and the DNER for 99 years.

Technical Supplement The Management Plan is been created.
Restauration Plan

23 Canal Luis Pefia Culebra June/1/1999 Resolution PU-002-99-77-01 Designation document Public domain DNER 1,208 cds. The Management Plan is been created.

24 Punta Yeguas Yabucoa December/22/2000 Resolution PU-002-2000-75-01 Biological Inventory DNER, CTPR CTPR 289.77 cds. Lease deed
Designation document

25 Caiio La Boquilla Mayagiez August/21/2002 Resolution PU-002-02-29-01 Technical Supplement Private 120 cds. Include
Designation document Maritime public lands on the
Report about the Methodologies and domain maritime zone
Alternatives for the Delimitation

26 Punta Guaniquilla Cabo Rojo October,/30/2002 Resolution PU-002-2002-55-03 Designation document DNER, CTPR CTPR 431.92 cds.

27 Finca Belvedere Cabo Rojo February/21/2003 Resolution PU-002-2003-55-4 Designation document 255.34 cds.

28 Caiio Martin Pefia San Juan June/18/2003 Resolution PU-002-2003-18 -01 Designation document PRPA, DTPW, 227. 94 cds.

Municipality of San
Juan

29 Corredor Ecolégico del Noreste Luguillo-Fajardo  October/4/ 2007 Resolution PU-002-2008-24 Management Plan and Land Use Plan Public, Private 3,240 cds. The Managemet Plan and the Land Use Plan have not

been approved by the PRPB.

30 Ciénaga Cucharillas Catafio August/27 /2004 Resolution PU-002-2008-14-02 Designation document Public, Private 1,236 acres This Resolution adopts the NR and the Area de
(Approx. 1,272 Planificacién Especial Ciénaga Las Cucharillas .
cverdas)

Natural Reserves in the coastal zone designated through legislation
Municipal N " ; M i
Natural area ¥ Date of designation PRPB resolution number Reference o P Extent Observations
extension
1 Finca Seven Seas Fajardo August/21/1999 Law No. 228 of 1999 Special Law NPC DNER 110 cds. There is a Coopertative Agreement between the NPC
and the DNER for the protection and management of
Management Plan was adopted by the this NR. This was signed on November 9th
PRPB in 2007 of 2000.
2 Aguas Costeras Isla Desecheo Isla de Desecheo is  March/10/2000 By Law No. 57 of 2000, half of a nautical Special Law Public domain
west of Mayagiez's mile (0.5nm) around Isla de Desecheo was
coast designated as a NR.
3 Manglar de Punta Tuna Maunabo August/21/2000 Senate Joint Resolution No. 1824 of 2000 Special Law DNER
Mangement Plan draft
4 Ecosistemas aledaiios a la Laguna Cabo Rojo August/25/2000 Law No. 201 of 2000 Special Law Public, private Cabo Rojo
Joyuda
Salinas September/1,/2000 Law No. 283 of 2000 Special Law Private 20 cds.

5 Tres Palmas Rincén January/8/2004 Law No. 17 of 2004 Special Law Public domain The M Plan is been leted

6 Humedal Punta Viento Patillas June/16/2008 Law No.92 of 2008 Special Law 254.8 cdas.

7 Reserva Natural Punta Cuchara  Ponce August/9/2008 Law No. 227 of 2008 Special Law 698 cdas.

Source: DNER. Revised on August of 2009.
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Public Policy

In the OPP-PRLUP, a policy is established to "avoid activities which might cause
deterioration or destruction of natural systems critical to preserving the environment, such
as mangroves, wetlands, forests, reefs, sinkholes, dunes and ecological niches (habitat) of
endangered species” (See Public Policy 30.03).

Implementing the Policy

1. Protection of wetland areas

The provisions of the statutes related to the protection of wetlands in Puerto Rico should be
adopted in practice by all government agencies. However, the specific field agencies with
jurisdiction over the decision-making process related to wetlands in the local area are: the
DNER, the PRPB and the EQB. At the federal level, the agencies are: the U.S. Environmental
Protection Agency (EPA), the USACE, the USFWS and NRCS.

Locally, the "Puerto Rico’s Wetlands Public Policy Act", supra, provides for the protection of
wetlands as Commonwealth’s public policy. To this end, it promotes the preservation,
conservation, restoration and management of these natural resources.

The Act also declares how the Land Authority (PRLA) and the DNER shall establish an
agreement for the designation as natural reserves, of wetlands and lands which are kept dry
by pumping action or dams or other drainage methods, belonging to the PRLA.

It also stipulates that the DNER shall, within a period not exceeding two years from the
adoption of the law, identify and delineate areas flooded, or flood-prone not flooded because
of human actions, to be designated as natural reserves, and to submit their nomination to the
PRPB.50

The "Organic Law of the Department of Natural and Environmental Resources", Law No. 23
of 1972, as amended, states that DNER has the power to regulate the protection,
management and conservation of wetlands in Puerto Rico. It serves as a legal basis to the
"Regulation for Use, Surveillance, Conservation, and Management of the Territorial Waters,
Submerged Lands and the Maritime Zone", supra. This regulation’s goal is to avoid or
significantly reduce the damage natural systems, which are public property, can experience,
among which are: the sea shore and estuaries®!, marshes, mangroves, swamps and lowlands
which are flooded as a result of the tide’s flow and ebb of and that are part of the maritime
zone.

DNER also enforces other laws (along with its associated regulations) which provide for the
protection of wetland systems, including: the "Spanish Law of Rivers and Harbors”, 1886;
"Water Pollution Control Act", Law No. 142 of 1950, as amended; "Public Policy on Flood
Prevention and River and Beach Conservation"”, Act No. 6 of 1968; " Puerto Rico Ports and

50 Following the provisions of this Act, in 2008, the DNER under Task 309 of PRCZMP prepared the document
"Geographical Distribution of wetlands to be designated as natural reserves."
51This concept is used as a translation from Spanish to English of the term rias
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Piers Law ", Act No. 151, 1968, as amended; "Puerto Rico Forests Act", Law No. 133 of 1975,
as amended; the "Law for the extraction and excavation of Earth’s crust components”, Law
No. 144 of 1976, as amended; the “Act for the Conservation, Development and Use of the
Water Resources of Puerto Rico”(also known as the “Water Act”), Law No. 136 of 1976, as
amended; the "Department of Natural and Environmental Resources Rangers Corp Act", Law
No. 1 of 1977, as amended; the "Law to create the Reforestation, Management and
Conservation of Living Resources Program in the Natural Resources Administration”, Act No.
195 of 1998, as amended; the "Puerto Rico Fisheries Act", Law No. 278 of 1998, as amended;
the "Coral Reef Protection, Conservation and Management Act" (also known as the “Coral
Reef Conservation Act”), Law 147 of 1999, as amended; the "New Wildlife Law of Puerto
Rico", Law No. 241 of 1999, as amended; the “Puerto Rico Navigation and Aquatic Safety
Act”, Act No. 430 of 2000, as amended; the " Law to establish public policy on the prevention
of floods in Puerto Rico, the conservation of rivers and streams and the dedication of green
belts for public use", supra, and the "Law on the Control of the Melaleuca quinquenervia
species", Act No. 28 of 2008.

An important statute is the “Puerto Rico Natural Heritage Program Act" (NHP), Law No. 150
of 1988, which is an integral part of the PRCZMP, being included by RPC in 1991. It aims to
identify and delineate land of natural value, to prepare plans for its acquisition and
protection, and to empower nonprofit organizations to share the responsibilities of
acquiring, restoring and managing the land. This law, also, authorizes the Secretary of the
DNER to recommend to the PRPB the designation as a NR of any area included in the
inventory of Areas of High Natural Value identified by the NHP.

The areas identified are included in an inventory, which establishes priorities for land
acquisition of Areas of Conservation Priority (ACP), including wetlands. The ACPs in the
coastal zone are presented in the table below:
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TABLE I11-8. AREAS OF CONSERVATION PRIORITY WITHIN PUERTO RICO’S COASTAL ZONE

Areas of Conservation Priority within Puerto Rico's coastal zone

ACP Municipality Hectares

1 Bahia Ballena Guénica 20
2 Bahia Montalva Gudnica and Lajas 794
3 Bosque Costero de Dorado Dorado 34
4 Cabezas de San Juan Fajardo 225
5 Caiio Boquilla Mayagiiez 292
6  Caiio Corazones Mayagiiez and Cabo Rojo 499
7  Cado Tiburones Arecibo, Barceloneta and Manati 4,836
8  Charca La Tembladera Arecibo 6
9  Ciénaga Las Cucharillas Catafio, Guaynabo and Bayamén 396
10 Corredor Ecolégico del Nordeste Luquillo and Fajardo 1,184
11 Culebra Culebra 1,722
12 Finca La Jungla Guénica 82
13 Habitat del Guabairo Lajas, Guénica, Sabana Grande, Yauco, Guayanilla, Pefivelas and Ponce

11,229
14 Humedal de Cayures Aguada 89
15 Joyudas - Lagunas Cabo Rojo Cabo Rojo 3,983
16  Laguna Guénica Cabo Rojo, Lajas and Guénica 6,091
17 Laguna Tortuguero, Cabo Caribe and Ciénaga Prista """ V29 Alte, Vega Bafe and Dorado

4,876
18 Lagunas de Humacao Humacao and Naguabo 2,082
19 Lluveras - Punta Verraco Guayanilla 1,218
20 Manglar de Carrizales Hatillo 46
21  Pifiones - Rio Mameyes Caroling, Loiza, Canévanas, Rio Grande and Luquillo 9,758
22 Playa de Fajardo - Cayo Algodones Fajardo, Ceiba and Naguabo 3,648
23  Punta Cabuyones Ponce 1,006
24 Punta Cucharas Ponce 278
25  Punta Pozuelo Salinas and Guayama 5,124
26 Punta Tuna Maunabo 59
27 Quebrada Bellaca Quebradillas and Camuy 300
28 Rio Guajataca Quebradillas and Isabela 2,678
29 Vieques Vieques 3,619

Source: DNER. (2007). List of ACP from the NHP.

For its part, the PRPB, under the “Organic Law of the Puerto Rico Planning Board”, Law No.
75 of 1975, as amended, is empowered to develop and manage the regulations associated
with land uses, including wetlands, through its regulations and site consultations. The PRPB
is also responsible for evaluating the territorial plans that the municipalities prepare under
the provisions of the “Law of Autonomous Municipalities", supra.

Another mechanism related to the protection of wetlands is the process of Federal
Consistency with the PRCZMP, administered by the PRPB. In this case, any proposed use in
wetlands areas requires a notification of conformity with the CZMA or a waiver of such
notification.

For its part, the responsibility of the EQB with respect to the protection of wetlands is
framed in the implementation of the provisions of the “Environmental Public Policy Act”,
supra, and in the process of evaluating environmental impact statements. The EQB also is
responsible for evaluating and making determinations on water quality certifications (WQC),
under Section 401 of the CWA. These certifications are issued for those proposed actions on
wetlands which require a federal permit from the USACE and comply with local water
quality regulations.

The USACE is the agency with jurisdiction over the activities carried out in U.S. navigable
waters, including wetlands. The USACE also issues permits for discharges of fill material into
U.S. Navigable Waters under Section 404 of the CWA, as well as the required permits for
work in Navigable Waters, under Section 10 of the “Rivers and Harbors Act” (RHA), which
regulates any activity affecting the location and flow of a body of navigable water.
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Under Section 404 of the CWA, the discharge of materials, including fill material, pile driving,
dredging and land movement in water bodies and wetland areas is regulated. As part of this
process, the USACE has the authority to require compensatory mitigation. This mitigation
refers to the restoration, creation, enhancement and even the preservation of other
wetlands. Section 404 exempts from compliance those wetlands which are used for
agricultural purposes, allowing their filling or draining.

For its part, EPA is responsible for drafting environmental guidelines for evaluating permit
applications in wetlands. It also enforces the prohibition of discharges which have adverse
effects on ecosystems, sets the jurisdictional reach of U.S. Waters, interprets the exemptions
required by Section 404 of the CWA and is responsible for compliance with them.

Both federal and commonwealth agencies have managed to unify their licenses or
certifications associated with wetlands through one process known as “Joint Permit
Application for the Water Resource Alterations in Water, including Wetlands, of Puerto
Rico”, managed by the USACE. It consists of an application which integrates various
applicable permits for activities with the potential to affect aquatic resources, including
Puerto Rico’s wetlands. Among the permits applying are: permits administered by the
USACE; to fill U.S. Waters under Section 404 of the CWA; working in U.S. Navigable Waters
and/or transportation of dredged material to be deposited in the ocean; a certificate of
Federal Consistency with the PRCZMP of the PRPB; the WQC of the EQB, under Section 401
of the CWA; concessions of submerged land uses for the DNER; water franchises, water
intakes and formal permits for extraction of materials from the earth's crust.

Moreover, the adoption of the Puerto Rico Coastal Nonpoint Pollution Control Plan
(PRCNPCP) is another critical step for the protection of wetland systems, by controlling land
erosion and siltation of water bodies.

Other federal statutes critical to the conservation of wetlands in Puerto Rico are:
“Endangered Species Act” (ESA), the “Marine Mammals Protection Act” in 1972; the “Food
Safety Act” 1986, the “Emergency Wetlands Resources Act” of 1986, EO No. 11,990 of 1977,
which establishes as presidential public policy the protection of wetlands, and Protecting
Americas’ Wetlands, an Action Agenda. The latter incorporates federal public policy related to
wetlands and led to the creation of programs aimed at the preservation of wetlands, among
which are the Swampbuster Program and Wetlands Reserve Program.

The federal Department of Agriculture’s (USDA) Swampbuster Program, arising under the
“Farm Bill”, is intended to dissuade farmers from converting wetland areas into arable land,
denying economic benefits and financial subsidies to those who cultivate crops on former
wetlands (Lopez-Feliciano, 1999). The Wetlands Reserve Program, administered by the
NRCS, is voluntary and provides technical and financial assistance to landowners for
restoration, enhancement and protection of wetlands.

Puerto Rico Coastal Zone Management Program Page | 98
Revision and Update



Moreover, in 1989, former U.S. President George H. W. Bush established a federal public
policy of no net loss of wetlands, both in area and function of these systems.52 This policy
states that each acre impacted must be mitigated with 1.01 acres. In Puerto Rico, the wetland
systems’ mitigation strategy is being met minimally, according to the findings of an
investigation conducted by Pérez (2003). In Puerto Rico, every acre impacted is mitigated
with .79 acres. This means there is a progressive loss of these systems, rather than an
increase, which is contrary to public policy objectives.

This study reported, further, how in Puerto Rico the most common practice is the creation of
wetlands, followed by the improvement, restoration and, finally, preservation. This implies
that these systems are under constant threat, even with mitigation, considering the time it
takes to reach its former functionality and productivity, if they succeed in achieving it.

Need: Investigate the impact caused by the mitigation process on wetlands and apply more
effectively, efficiently, and consistently the existing permit, consult, and endorsement
mechanisms provided by laws, regulations, and processes geared towards protecting wetlands,
particularly over coastal wetlands.

As previously stated, in Puerto Rico, wetland mitigation is carried out in areas smaller than
the ones being impacted and the degree of functionality reached by these systems is
unknown. This raises the need to investigate the actual effect achieved through the
mitigation requirements set on permits in wetland areas. Thus, insights into the reason as
for why the policies and regulations are not being met could be provided, in order to
reassess strategies for monitoring and reporting of compliance by proponents.

Need: Establish in Puerto Rico a mechanism that allows for the reliable measurement of
wetland mitigation in function and area.

The USACE has a database of regulatory and management analysis - known as RAMSS3 -as
part of its permit program for wetlands development under Section 404 of the CWA.
However, entities such as the U.S. National Research Council (NRC) Committee on Mitigating
Wetland Losses, have indicated that the RAMS database does not record adequately the
information about the space and function of the ecological systems lost and recovered on
actions authorized through permits from USACE. Therefore, it is not possible to determine
with certainty the effectiveness of compensatory mitigation of wetland loss.

Given this, the aforementioned Committee submitted in 2001 a series of recommendations
that will allow for the accounting of the gains and losses of wetlands for future projects
approved by the USACE. These recommendations include: (1) the regular monitoring of

52 This public policy was a recommendation adopted by the administration of then U.S. President George Bush and
has been retained and supported by the federal government since then. It arises from a forum cited in 1987 by the
federal government at the behest of the EPA to define a public policy on wetlands. In its final report (National
Wetlands Policy Forum), among the recommendations was a national policy to achieve that net loss of remaining
wetlands will not occur in the in the U.S., as well as the creation and restoration of wetlands to replace those which
have been destroyed and increase the quality and quantity of the endowment of remaining wetlands.

53 RAMS is an acronym for Regulatory Analysis and Management System.
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wetland gains and losses through a database, (2) improved measures for testing the quality
of data that are incorporated into the RAMS database, as well as the formulation of clear and
defined mitigation targets containing indicators to measure the feasibility of mitigation and
restoration of adversely impacted ecological functions. A similar project could be adopted in
Puerto Rico, so that the effectiveness of wetland mitigation could be measured with
certainty.

Need: Standardize information criteria required to proponents of projects in areas containing
wetlands or located near them.

According to Pérez (2003), there has been no uniformity in the way that proponents provide
information of the wetlands that will be impacted by their projects. For example, they often
do not identify the specific location or the exact space of the terrain, making it impossible to
know the extent of wetland areas which will be impacted. Given this, it is recommended that
the criteria for the application for information allow obtaining clear information on the likely
impact on wetlands by the proposed activity.

Need: Assure the acquisition or transference of land declared as Natural Reserves to the DNER
management jurisdiction.

Contrary to state forests, where lands managed by the DNER are public, terrains which have
been designated as a Natural Reserve can be public or private (Pérez, 2003). This presents a
limitation for the protection of wetland areas already designated as Natural Reserves and
could present conflicts in the applications given to them.

However, it should be highlighted that recent PRPB public policy has been not to designate
Natural Reserves until their lands are acquired or are in process of acquisition by the DNER.

Need: Assure the designation of Natural Reserves in representative areas and in sufficient
amounts to guarantee protection for all types of wetlands.

It is important for wetland areas which have been proposed as Natural Reserves to be
designated as soon as possible. The urgency responds to the growing demand for coastal
land for construction activities. The DNER has identified the wetland areas to be designated
as Natural Reserves, as stipulated in the “Puerto Rico Wetlands Public Policy Act”, supra.
However, this law does not provide additional mechanisms to evaluate and protect wetland
areas in the hands of other agencies and public corporations.

Need: Broaden interagency collaboration to protect all wetland systems.

Although the responsibility for the protection of wetlands lies with several commonwealth
and federal agencies, the integration and collaboration of other agencies is necessary,
specifically those owning land containing wetland systems.
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Need: To prepare an inventory of the extension of wetland areas under active protection, those
which are yet to be, and those which, in one way or another, have been destroyed.

There is a need to inventory the specific extension of wetland areas protected in Puerto Rico.
Through various efforts, the extent of wetlands on the island has been identified (Gould et
al,, 2007), as well as portions of the seabed in Puerto Rico’s waters. However, the specific
extension and condition of wetland systems in Puerto Rico is not known with certainty. This
is a necessary starting point to establish specific management and protection measures for
the different types of wetlands.

Need: To protect of watersheds and water resources.

Wetlands are susceptible to hydrological conditions and are vulnerable to changes in their
watershed. Coastal wetlands are affected by the volume and quality of fresh water that
comes from rivers and other discharges from land based sources (Ramsar, 2002). Their
effective protection requires the protection and proper management of water bodies,
ensuring the supply of groundwater that feeds coastal wetlands as well as the critical areas
of watersheds.
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3.2.2 REEFS

Findings

Reefs- both coral reefs and rock reefs- are valuable resources serving multiple values and

functions. Areas where coral reefs are exposed to extremely low tides are considered
wetlands (Adams & Hefner, 1999). These are a major component of the coastal systems in
tropical waters and offer protection to inland waters and coasts. They are among the most
biologically productive ecosystems because they provide a conductive environment for a
large number and variety of fish and invertebrates.

The most extensive development of coral reefs in Puerto Rico is found in the Southwest and

Northeast of the island shelf, although coral communities can be found in other areas. In the
Northeastern coast of Puerto Rico, the insular platform is partially protected from waves by

a chain of emerging rocky reefs which provide protection to the coasts, thus creating calm
waters and favorable conditions for the formation of sandy beaches. In the North and
Northwest, the coral reef formations are less because coastal waters on both coasts receive
substantial amounts of sediment and nutrients from the unloading of the largest and fastest
flowing rivers in Puerto Rico. This inhibits appropriate growth or development by reducing
the photosynthesis process and increasing respiration and mucus production. Similarly, the
island shelf on these coasts is narrow, exposing the coasts to strong waves.

However, on Puerto Rico’s North coast - in the municipality of Vega Baja - a substantial
population of coral reefs has been identified which has maintained itself in excellent
condition because strong wave action has allowed for its survival. For example, in the 2005
bleaching episode, which caused a massive mortality of corals in the Caribbean, the currents
allowed them to survive, by facilitating their oxygenation and providing them with food
(Hernandez et al., 2007).

Puerto Rico is surrounded by approximately 500,000 ha of easy access coral reef
ecosystems, where depth does not exceed 20 meters (CSOR, 2005). Some 228 species of
corals have been identified in the territorial waters, including: 117 scleractinian corals
(rocky), 99 antipatharia corals (black or spiny), 13 corallimorpharia (fungi type coral), three
fire corals and five hydrocorals (DNER, 2000). These coral reefs are formed mainly by three
types of structures: fringing or marginal reefs (which are the most common), bank reefs and
barrier reefs. (Map 15 shows the coral reef communities.)

For their part, rocky reefs, although considered less productive than coral reefs, provide an

important habitat for fish and macroinvertebrates. They also allow the development of coral
communities which succeed in adapting and growing under harsh conditions in which surge
and strong currents prevail.

Rocky reefs, like coral reefs, provide protection against the onslaught of waves on the shore
and influence deposition rates of sand on beaches. The calm waters and deposits of sand
from the beach of Luquillo, for example, would be lost if these protective reefs disappear
(Beller et al., 1999).
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Coral reefs are an important source for fish production and for the manufacturing of drug
products. Coral reefs also protect coastlines from wave action, are the primary source of
carbonate sand, serve as buffers against coastal erosion, affect the deposition of sand on the
beaches they protect, which promotes their formation, as well as the formation of seagrass
beds and mangroves.

In 2007, the DNER’s Coral Reefs Management and Conservation Program (CRMCP),
commissioned a study to determine the economic value of coral reefs and associated
environments5* in Eastern Puerto Rico, specifically in Fajardo, Arrecifes La Cordillera,
Vieques and Culebra. According to estimates, it was found that the value of these resources
was $1.6 billion, being tourism and recreation the activities which derive more value from
these resources.

It should be further noted that according to this study Puerto Ricans acknowledge that coral
reefs and associated environments have values and functions of great importance. These
values are known as passive values, which accounted for 56% of the total economic value.55

TABLE II1-9. TOTAL ECONOMIC VALUE BY YEAR 2007

Total economic value by year 2007

Estimated values Annual value
Goods Artisan fishing value $407,415
Turistic and recreational value $692,027,166
Services Protection value $9,969,258
Educational and research value $928,758
Existential value $305,555,937
Pasive values Future value $192,535,517
Heritable value $210,258,467
Biodiversity value $190,885,562
Total economic value $1,602,568,080

Source: DRNA. (2007). Valoracién econdmica de los arrecifes de coral y ambientes asociados
en el Este de Puerto Rico: Fajardo, Arrecifes La Cordillera, Vieques y Culebra.

54 Associated resources include beaches, bays, mangroves, seagrass beds, saltpeter beds, coastal lagoons, among
others.

55 Passive values: (1) existential value: value that people gave coral reefs and associated resources by only knowing
they exist, although they have never seen them and understand they will never see or enjoy them, (2) future value:
value of conserving the resource for potential use in the future, (3) heritable value: the value of conserving the
resource for future generations, and (4) biodiversity value: value of the intrinsic ecosystem functions.
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Coral reefs are fragile and can be easily destroyed by marine or land-based activities.
Colonies of corals are living organisms and, like other tropical marine communities, are

extremely sensitive to environmental changes.

Unfortunately in Puerto Rico, coral reefs have been degrading rapidly during the past
decades due to natural and anthropogenic factors. Their current state rated among the most
critical of the Caribbean, particularly due to the unchecked urban and industrial
development on the coast during the past 40 years (Causey et al, 2002). Natural factors
associated with the degradation of reefs have been well documented. These include, but are
not limited to, torrential rain, hurricanes and mass mortality of sea urchins (Diadema
antillarum), which promote the overgrowth of algae. Other natural factors which have
caused mass mortality of coral reefs are diseases such as the white band, black band and
white plague, and bleaching.

It is anticipated that these natural factors which affect coral reefs will be exacerbated by the
impact of climate change. In 2005, we saw a bleaching episode which caused the mass death
of coral reefs in the Caribbean. This resulted from increased sea temperatures which
reached 31.8°C at depths of 30m and about 33.1°C on the crest of the corals. In late 2005, the
coral bleaching in the south and west of Puerto Rico was devastating, being more evident on
the reef where the Montastraea annularis complex was the dominant species in terms of
substrate coverage (Hernandez-Delgado, as quoted in Garcia-Sais et al, 2008). This
bleaching episode was followed by a massive outbreak of white plague, which caused deaths
and a reduction of between 20-60% of live coral cover in Eastern Puerto Rico, during a
sampling period that lasted six months.

This bleaching episode has alerted about the susceptibility of coral reefs to the impact of
climate change as it is predicted that increases in sea temperatures will increase bleaching
episodes. While corals can recover from these events, the frequency and severity of
exposition to it will increase their mortality.56

It is further noted how the increase in greenhouse gases, particularly CO, directly impacts
coral reefs due to its sea acidification effect, which prevents sea corals from calcifying their
skeletons. Meanwhile, other factors deteriorating reefs, such as storms and hurricanes, are
expected to increase, which could amplify the frequency and intensity of the damage.

Moreover, some of the anthropogenic factors causing the deterioration of coral reefs and
associated ecosystems in Puerto Rico are: water quality degradation, sedimentation (due to
clearing of vegetation, land movements or dredging), domestic discharges, coastal
development, overfishing, recreational uses without adequate controls and the absence of
management plans for coral reef areas (Beller et al, 1999). Other factors causing
detachments, cracks and abrasions in the biotic components of the reef are: the anchoring of

56 Rising sea temperatures creates stress on coral polyps, causing bleaching, which occurs by the expulsion of a
symbiotic algae that live in their tissues, but without which the coral cannot support itself.
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vessels, ship groundings, military exercises and thermic and toxic pollution coming from
industrial, agricultural or domestic sources (DNER 2001a).

The extraction of corals also poses a danger to Puerto Rico’s reefs. Although the removal of
coral is banned by the “Regulation to Control the Extraction, Possession, Transportation and
Sale of Coralline Resources”, Regulation No. 2577, some people destroy them by removing
corals for ornamental or commercial purposes.

The process of regeneration of coral reefs, if it occurs, is slow. After a reef dies, the waves’

action progressively destroys the cortex, removing the layer or protective level. Once
destroyed, the reefs slowly regenerate, but it is uncertain if the reef community restores by
itself.

Public Policy

The PRPB’s OPP-PRLUP, establishes a general policy to "avoid activities which might cause
deterioration or destruction of natural systems critical to preserving the environment, such
as ... reefs ..." (See Public Policy 30.03).

Implementing the Policy

1. Coral Reefs Protection

In 2008, approximately 1,383 miles® (3,582 km?) around the Main Island, Vieques and
Culebra were designated as critical habitat for two species of coral: the staghorn coral
(Acopora cerviconis) and elkhorn coral (Acropora palmata).57 The objective of this
designation was to facilitate an increase in the incidence of sexual and asexual reproduction
of these species, which were included as threatened on the federal list of endangered species
in 2006, under ESA provisions. Both were the most abundant and important in many
Caribbean coral reefs for their importance as reef builders and providers of habitat for other
organisms associated with them.

Locally, the “Coral Reef Protection, Conservation and Management Act”, supra, establishes
mechanisms to penalize activities which may be detrimental to these systems, highlights the
need to educate the public about their importance, provides for the establishment of a
program to conserve these resources and proposes the development of a management plan
for coral reefs.

Following the provisions of this Act, the CRMCP was established under the DNER’s Living
Resources Area. The program is divided into two main categories: (1) conservation and
management and (2) coral reef monitoring. Under the first, strategies are developed in order
to address local issues such as education, over-fishing, pollution from non-point sources and
over-use from recreational activities. Meanwhile, the second category maintains a database
of reef characterization and monitoring of their associated communities in different areas of

57See: Federal Register. Endangered and Threatened Species; Critical Habitat for Threatened Elkhorn and Staghorn
Corals. 50 CFR Parts 223 and 226. Vol. 73, No. 229. Final Rules and Regulations. Wednesday, November 26, 2008.
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the Island. This program is part of the U.S. Coral Reef Initiative, which in turn is part of an
international initiative. The International Coral Reef Initiative (ICRI) is an agreement
between governments, international organizations and nongovernmental organizations to
preserve coral reefs and associated resources through the implementation of Chapter 17 of
Agenda 21, and other international agreements.

Under the Coral Reef Initiative, in the context of local action strategies (LAS), the Puerto Rico
Coral Reefs Management and Conservation Plan is being developed, as provided by the
“Puerto Rico Coral Reefs Protection, Conservation, and Management Act”, supra.

Another mechanism that tends to protect the reef resources is the “Puerto Rico Navigation
and Aquatic Safety Act”, supra, and the “Regulation for the registration, navigation and water
safety in Puerto Rico”, Regulation No. 6979. These establish measures to protect coral reefs
and associated environments, mangroves and seagrass beds, by prohibiting the anchoring,
tying or holding of boats or motor vehicles to any of these resources.

The “Regulation for Use, Surveillance, Conservation, and Management of the Territorial
Waters, Submerged Lands and the Maritime Zone”, supra, contains provisions relating to
coral reefs and associated systems. The regulation defines as an inappropriate use, in Article
6-b, "the excavation, dredging, removal or soil alteration of seagrass, coral reefs and other
ecologically valuable niches”.

An additional mechanism for the protection of these resources was the adoption of the
“Recovery of 3% of the Puerto Rico Insular Platform Act”, Law No. 307 of 2000. It empowers
the DNER to identify and establish marine reserves in areas of priority to be conserved for
their recovery, in three percent (3%) of the insular platform of Puerto Rico and adjacent
islands in a period of three years (DNER, 2001a).

Need: Develop effective mechanisms to ensure compliance with the control measures for
erosion and sedimentation and non-point sources of pollution which affect coral reefs.

Erosion and sedimentation are among the main problems that degrade water quality and
impact coral reefs. While the “Regulations for erosion control and sedimentation
prevention”, EQB Regulation No. 5754, was adopted in order to avoid land erosion and
sedimentation which could result from human activities, it continues to deteriorate the
health of the coral reefs. Therefore, an evaluation of implementation and enforcement
effectives of this regulation is recommended, as well as the development of effective
mechanisms in addressing the problem.

2. Protecting reefs against extraction of coral

In Puerto Rico, the removal of corals is banned by the “Puerto Rico Coral Reefs Protection,
Conservation and Management Act”, supra, and the “Regulation to Control the Extraction,
Possession, Transportation and Sale of Coralline Resources”, supra. However, there is a
permit granted to those bonafide craftsmen for the collection and/or removal of dead coral.
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3. Management and protection

Natural Reserves (NR)

The PRCZMP (1978) identified and recommended the designation of 12 areas as Natural
Reserves, selected by the quality and extent of its coral reefs. The areas which were
designated by the PRPB are:58

o Arrecifes La Cordillera NR

e Gudanica Commonwealth Forest NR
o Mona & Monito Island NR

o Arrecifes Tourmaline NR

o Arrecifes de Guayama NR

o LaParguera NR

o Ceiba Commonwealth Forest NR

o Boquer6n Commonwealth Forest NR
o Piflones Commonwealth Forest NR
o Isla Caja de Muertos NR

o Cabezas de San Juan NR

o Punta Petrona NR

The PRCZMP (1978) also recommended the Jobos Bay and Mar Negro area - between the
Salinas and Guayama Municipalities - to be designated as NR. The proposal for this
designation is before the PRPB consideration.

It should be pointed out that approximately 50.19% of coral reefs in Puerto Rico are within a
Marine Protected Area (MPA) (Ldpez, 2007).59

Other NRs which include coral reefs are: Las Cabezas de San Juan, Caja de Muertos,
Boqueroén, Punta Petrona and Canal Luis Pefia while Tres Palmas and Desecheo are marine
reserves which also contain coral reefs.

These marine reserves, as in the Canal Luis Pefia NR (RNCLP, for its Spanish acronym) in
Culebra, incorporate areas of a permanent fishing ban, which is also a mechanism to protect
corals and the benthic habitation of the area. These areas, declared as no extraction, include
4.8 km? or 0.4% of total MPAs (Diaz & Dragoni, 2000).

58 All of these NRs were added to the PRCZMP through RPC in 1988, except Arrecifes de Tourmaline, which were
included in 1997.

59 According to Lépez (2007), MPAs are classified as those legally designated areas that have coastal or marine
ecosystems, that may include terrestrial components, and that have different approaches to conservation,
protection and/or zoning levels.
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The RNCLP in Culebra was the pioneer in incorporating a permanent fishing ban area and in
which about 83 species of corals have been identified (Puerto Rico Coral Reef Initiative,
1999-2004). This has allowed for, among other things, the gradual recovery of the
ichthyofauna with recreational and commercial value, which will, in turn, protect and
conserve coral reefs in the area.®?

For its part, half a mile (0.5 miles) of territorial waters around the island of Desecheo was
designated as a marine reserve. In this perimeter fishing is prohibited, as provided in the
"Regulation on Puerto Rico Fisheries of 2004," Regulation No. 6768.

Meanwhile, Tres Palmas Marine Reserve includes, among its marine resources, the elkhorn
coral (Acropora palmata) which is on the federal list of endangered species.6!

Need: To designate Island areas containing reef systems as Special Planning Areas (SPA).

Coral reefs are resources which provide varied and important benefits. However, they are
located in areas subject to conflicts of current and potential use, and therefore require
special planning.

Similarly, the conformation of the Acropora cerviconis critical marine habitat demonstrates
the need to take action to protect marine resources, as it would be the designation as SPA,
which constitutes an additional mechanism to address conflicts of current and potential use
of these resources.

Need: Evaluate the benefits of the designation of Bahia de Jobos y Mar Negro area as Natural
Reserve.

As was stated previously, the PRCZMP in 1978 recommended that Bahia de Jobos y Mar
Negro be designated as a NR. Subsequently, the area received the designation of National
Estuarine Research Reserve and currently has a management plan. Therefore, it is necessary
to assess the additional benefits that would be entailed if it is designated as a NR by the
PRPB.

Need: Prepare and adopt management plans for the areas designated as Natural Reserves.

Management plans should incorporate, among other things, mechanisms to control pollution
from non-point sources affecting these ecosystems.

Need: Develop an education initiative about conservation, management and restoration of
coral reefs.

60 The Management Plan for this NR was completed in 2008.
61 The Management Plan for this Marine Reserve was completed in 2008.
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4. Research (high priority)

In Puerto Rico, countless research efforts are conducted in association with coral reefs, of
which the DNER is a part.

The NOAA, in collaboration with the DNER, the National Park Service (NPS) and the USGS
have worked on mapping the distribution of coral and other related benthic niches (Matos,
Diaz & Garcia, 2000).

Puerto Rico, also, is part of the Caribbean Coastal-Marine Productivity Program
(CARICOMP). This is a regional effort which aims to provide appropriate scientific
information for managing coastal resources. The initiative has a program for monitoring
changes in the ecological health of coral reefs and associated systems through a network of
laboratories and marine reserves. In Puerto Rico, the participating CARICOMP institution is
the Department of Marine Sciences at UPR-Mayagiiez.

Other research efforts are conducted by the Coral Reef Caribbean Institute and the
Department of Marine Sciences at UPR-Mayagiiez, as well as by the Center for Applied
Tropical Ecology and Conservation at UPR-Rio Piedras.

Need: Generate a database in the DNER that collects all the research and recovery efforts on
coral reefs and associated environments.

Although information has been generated on the distribution and conditions of coral reefs,
existing information on these resources is scattered among various organizations,
government agencies and academic institutions. Therefore, the establishment of a
mechanism to consolidate all research, studies and publications on the subject is
recommended.

Need: Promote research on coral reefs and associated environments.

The scientific community in Puerto Rico has identified additional research needs, among
which are:

e Review and update the Inventory of the Puerto Rican Coral Reefs, report that was
prepared by Goenaga & Cintrén in 1979.

o Develop an inventory of spatial distribution patterns and current status of the corals
Acropora and the Montastraea complex, whose populations have declined significantly
over the past years.

o Implement ecological monitoring of coral reefs including benthic communities, fish,
environmental parameters and ecosystem-level processes, in order to assess the
effectiveness of current management strategies as well as the resilience of the
ecosystem.

o Perform paleoecological studies of coral reefs, particularly in paleoclimatology and
reconstruction of environmental history of coral reefs in Puerto Rico, which would allow
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for the recording of environmental changes and the impact of climate change on these
ecosystems.

o Develop an initiative directed toward the recovery of coral reefs that identifies priority
areas for ecological restoration and the spatial distribution of priority species. This will
support the development of strategies for propagation and reintroduction of coral reefs.

o Develop research leading to increasing juvenile survival success, gamete fertilization
and recruitment of coral larvae.

e Develop more comprehensive studies on the current status of deep coral reefs.
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3.2.3 MANGROVES

Findings

Mangroves are important due to their variety of functions and benefits. These plant

formations, endemic to tropical coastlines, are composed of tree species with accessory
organs for respiration which allow them to colonize wetlands subject to salt water intrusion
(DNER, 1992). Among their adaptation characteristics are: tolerance to high salinity levels,
aerial roots which allow them to stabilize the tree on soft ground, floating seeds (pldntulas)
and specialized structures allowing the entrance of oxygen and exit of carbon dioxide
(lenticels and pneumatophores).

Four of the 10 mangroves which develop in the

Atlantic Coast of the New World grow in Puerto
Rico. These species are red mangrove (Rhizophora

mangle), black mangrove (Avicennia germinans),
button mangrove (Conocarpus erectus) and white
mangrove (Laguncularia racemosa). These four
species of mangroves are represented in the types
of mangroves: coastal, basin, islets and river bank.

Historically, mangroves have been perceived as

areas of low economic productivity providing
mainly wood and charcoal. The filling of Estuarine wetland

Picture by: Estudios Técnicos, Inc.

mangroves was largely seen as a positive public
health activity since these areas tend to serve as nurseries for mosquitoes, the primary
carriers of the malaria virus. In fact “Joint Resolution No. 7 of 13 May 1927”, authorized the
Government to sell mangroves to the People of Puerto Rico to be dried out. However,
modern medicine has provided alternatives to control this disease and malaria no longer
represents a menace to the people of Puerto Rico. Finally, in 2005 the “Law to abolish Joint
Resolution No. 7 of 13 May 1927”, Law 60 of 2005, was passed since it was understood that
the older law was moot and against the best interests of Puerto Rico’s public policy on the
environment.

Today, as a result of growing ecologic awareness, the important value and functions of
mangroves are recognized. Among these functions are to serve as a buffer against the

onslaught of wind caused by weather events, serve as wildlife refuges and nurseries,
including marine life, fisheries, and serve as sources and natural filters to purify water.
These characteristics distinguish mangroves as coastal systems of high ecologic and
economic values.

Some species of fish of commercial importance live among the roots of the mangroves. Other
species spend part of their life cycles, such as spawning and breeding, within the mangroves.
Between 70% and 90% of marine life of commercial or recreational value uses the
mangroves for at least part of their respective life cycles (DNER, 2003). Mangroves are also
part of the habitat for native and migratory birds, including hunting birds and birds which
are on the federal list of endangered species.

Puerto Rico Coastal Zone Management Program Page | 114
Revision and Update



Mangroves can be harmed or destroyed by drainage, dredged, filling, sedimentation and oil
spills among other polluting activities. The “rescue” of lands by filling represents the most

serious direct threat against mangroves. Furthermore, the “rescue” of land adjacent to
mangroves could indirectly affect these areas by altering horizontal flow of the waters. While
true that mangroves can trap a great concentration of pollutants, it has yet to be determined
to which points these contaminants (with the exception of oil spills and sedimentation)
contribute to their degradation and/or the threat to microscopic life in the estuarine areas.

Despite the massive destruction of these systems in the first decades of the 20th Century,

mangrove coverage has been recuperating. In the first inventory of mangroves made on the
Island, by mandate of the 1870 “Land Act”, some 11,790 ha were counted. Since then, a great
deal of Puerto Rico’s original mangroves were destroyed or “rescued” by filling them or by
drainage and were dedicated to other agricultural uses, such as piers, industrial or
residential sites. An inventory done in 1972 found that the mangrove population had been
reduced to 7,074 ha. Two years later, in 1974, it was observed a reduction of the mangrove
population to 6,485 ha (DNER, 2003) Meanwhile, a more recent study analyzing land
coverage using satellite images from 1999 to 2003 reflected 6,700 ha of mangroves (Gould
2007).62

An investigation done by Martinuzzi, et al. (2009) documented how the change in mangrove
coverage in Puerto Rico was directly linked to the economic activity of the era: the
agricultural era, the industrial era and, over the last couple of decades, the era of urban
expansion. During the agricultural era (1800-1940) a 45% reduction in mangrove coverage
was observed. With a change toward an industrial economy, an increase in mangrove
coverage was observed, but in the era of urban expansion between 1969 and 1970, it began
to decline once again. However, this trend ended in the 1970s with the passage of the
DNER’s Organic Law in 1972, which has precipitated a recovery under the guidelines and
protection of environmental laws, at both the local and federal levels, passed in that time
period. However, uncontrolled urban expansion has emerged as the biggest threat against
wetlands.

62 The coverage of mangroves varies depending on the methodology used for the analysis. For example, the study
“The Status of Puerto Rico’s Forests 2003” reported that mangrove forests occupy approximately 7,920 ha of the
coastal areas in Puerto Rico (Brandeis, 2003). In this case, the estimated area for the mangrove forests is based on a
soil coverage map and forest formations produced by Kennaway & Helmer (2006) in 2000. Said map classified
mangrove forest with 82% precision.
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GRAPHIC III-1. CHANGES OBSERVED ON THE MANGROVE COVERAGE OF PUERTO RICO OVER THE LAST
200 YEARS

(1) Reduction of the agriculture

(3) Reduction
due to
urbanization

(2) Natural
recovery

(4) Recovery
under protection

5 T T T T T T T T T T

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Year

Source: Martunizzi, S., Gould, W., Lugo, A. & Medina, E. (2009). Conversion and recovery of Puerto Rico mangroves: 200
years of change. International Institute of Tropical Forestry.

Depending on their type and location, remaining mangroves are subject to major reduction
or destruction caused by humans. Currently, mangroves in the Eastern sector of Puerto Rico
are the ones under the largest threat of development which have the greater potential of
affecting them.

Public Policy

In the PRPB’s OPP-PRLUP, included in Chapter 2, the public policy is established to “avoid
activities which could deteriorate or destroy natural systems critical to the preservation of
the environment, such as mangroves...” (See Public Policy 30.03)

Additional established policies

In order to complement the previously established policies and increase their effectiveness,
the following additional policies were established:

1. Mangrove protection

All existing mangroves, as well as all the buffer zones needed to protect their water
resources, vegetation, aquatic birds, fish and other wildlife, should be protected in the
following manner:

... Restrict new development in mangroves, except those which are destined for the general
wellbeing and are done by Puerto Rico’s Government. New development, including the
construction of dikes, dredging and filling of existing or restorable mangroves should only be
permitted if the following criteria are met:
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... Natural Reserves. Any alteration to mangroves designated as NR should, in all possibility,
(a) maintain or improve the functional capacity of the existing wetland, for example, even if
there is an alternation, there should not be any reduction in the quantity or quality of
species, and (b) should be in conformity with a mangrove management plan approved by the
PRPB and the presentation of an environmental impact statement in compliance with the
“Environmental Public Policy Law”; and (c) be limited to incidental installations of public
service facilities, restoration measures or natural research.

... Other mangroves. Any alteration of other mangroves should, in all possibility: (a) conform
to the “Special Planning Area Management Plan for Puerto Rico’s Mangroves”; (b) be limited
to: (1) essential military installations, (2) expansion of commercial ports, airports or bays,
(3) have the minimal entry cannel needed for a marina or any other nautical installation
excavated from firm land, (4) those energy installations depending on the coast which
cannot be located inland or out to sea, (5) minor incidental public service facilities, such as
cables or underground transmission lines, (6) takes measures to restore the biological
productivity of degraded mangroves and (7) have research done regarding the nature,
aquaculture or any other related activity which could be impacted by the alteration.

Implementing the Policy

A. Protecting mangroves against filling, dredging and land development

1. Public property and its custody

DNER currently manages four coastal forests which are home to important mangrove areas.
These are: (1) Bosque de Aguirre, near the Bahia de Jobos on the South coast (969.7 ha); (2)
Boquerén Commonwealth Forest, on the West coast and to the South of Mayagtiez (1878.3
ha); (3) Ceiba Commonwealth Forest on the East coast and to the South of Fajardo (142.6
ha); and (4) Pifiones Commonwealth Forest on the North coast between San Juan and Loiza
(1,271.9 ha, including the Laguna de Pifiones).

Other extensions with significant mangroves are found in the land which comprises the
former Roosevelt Roads Naval Base. After the base closed operations, some 1,346.6 ha, the
bulk of which were mangroves and other wetlands, known as the Daguao y Medio Mundo
Natural Protected Areas, were transferred to the DNER. These lands are managed by the
PRCT, entity which is currently preparing a management plan for these lands.

Other military installations which have closed and contain important mangroves are in
Vieques and Culebra, whose land is not part of the National Wildlife Refuges System
belonging to the DOL
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Other mangrove areas exist, but many of them are privately owned and are being subjected
to or count with proposals for conflictive uses.

However, DNER, aside from recommending important mangroves to be designated as NR,
can use other mechanisms to destine public land for protection, among which is the
establishment of conservation easements. These constitute imposing an obligation on a
property to guarantee its protection and management as disposed in the “Puerto Rico
Natural Heritage Program Act,” supra®3, and the “Puerto Rico Conservation Easement Law,”
Law No. 183 of 2001.64

The SPA Management Plan for Puerto Rico’s Mangroves, states that public ownership is not
the only means available for the protection of these resources. Said Plan identifies other
mechanisms, which includes, notification, transfer of deed or administration, management
agreements, donation, rent, exchange, transfer of development rights, dedication, mitigation
and zoning.

2. Management and protection

Natural Reserves (NR)

In the PRCZMP (1978), 12 areas were recommended to be designated as NRs due to the
importance of their mangroves, specifically for their size, singularity and complexity. The
PRPB has designated 11 of these areas as NRs. They are:

o (Cafio Martin Pefia NR (recommended as Reserva Natural Lodazales del Puente La
Constitucién)

o Piflones Commonwealth Forest NR

o Rio Espiritu Santo NR

o (Ceiba Commonwealth Forest NR

o Punta Petrona NR

e Guanica Commonwealth Forest NR

o LaParguera NR

o Boquer6n Commonwealth Forest NR

o LagunaJoyuda NR

o Bahia Bioluminiscente de Vieques NR

o (Cabezas de San Juan NR

The PRPB designated all the candidates as NRs, with the exception of Bahia de Jobos y Mar
Negro. Other natural reserves which include mangroves are identified in Table III-10.

Special Planning Areas (SPA)

With the adoption of the PRCZMP in 1978, all of Puerto Rico’s mangroves were designated as
SPA by the PRPB. Through Resolution PU-002-2003-Mangle PR, the PRPB adopted the

63 This law was included in the PRCZMP in 1991 using the RPC process.

64 This law defines conservation easements as: “imposed obligation on a property for the benefit of one person or
location which imposes obligations, rights and conditions on the property and its owner for the purpose of
protection or conservation of an area of high natural value or a property with natural or agricultural value.”
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“Special Planning Area Management Plan for Puerto Rico’s Mangroves”, whose preparation
and content are based on the OPP-PRLUP and the Integral Development Plan adopted by
PRPB in 1979 and other laws, regulations and commonwealth and federal statutes regarding
their protection.6®

The purpose of the Management Plan is to harmonize the preservation and conservation of
mangroves with Puerto Rico’s social and economic activity. This plan is geared toward
taking advantage of the potential these systems have for scientific research, education,
recreation and tourism while their natural, environmental and cultural aspects, which make
this resource unique, can be protected.

3. Development control

Some 25 statutes have been approved in Puerto Rico, along with their respective regulations,
while there nine laws at the federal level providing mechanism for the protection of
mangrove systems (DNER, 2003).

Federal law provides even further protection against dredging and filling of the majority of
mangroves in Puerto Rico. All filling of swampland, including the depositing of dredged
material requires a permit from USACE, along with the supervision and veto power of the
EPA®%, The legal dispositions regarding permits are contained in Section 404 of CWA.%7 In
Puerto Rico, the USACE permit is solicited following a procedure known as the Federal and
Commonwealth Joint Permit Application for Water Resource Alterations in Waters, Including
Wetlands, of Puerto Rico of 1999, described in the section regarding wetlands.

Federal permits require the endorsement of commonwealth agencies with jurisdiction. It
should be noted that without an endorsement from any of the commonwealth agencies, the
federal permit is null. However, the cutting of mangroves is not subjected to any permitting
process. At the local level, the “Puerto Rico Forests Act,” supra, protects mangroves
designated as commonwealth forests and prohibits cutting, or affect trees in public or
private property whose characteristics are indispensable or necessary for forest use,
including the protection of watersheds, control of erosion or maintaining the ecological
balance of the environment. Following the dispositions in this law, the PRPB adopt the
“Planting, Cutting and Foresting Regulations for Puerto Rico,” Planning Regulation No. 25,
which requires a DNER permit for cutting and grooming trees on public or private land in
Puerto Rico.

The PRPB has also protected some mangroves by imposing certain conditions during the
development control process. These conditions are commonly recommended by the EQB
during revision of environmental impact statements.

65 These legal statutes are presented in detail in the section regarding Wetlands.

66 See 33 U.S.C.A.§1344.

67 The rules and regulations under Section 404 are: 40 CFR Parts 230-237 (EPA) and 33 CFR Parts 320-330 (USACE).
These rules establish specification guidelines for conforming with Section 404 (b) (1) of the CWA, the restrictions
to permits, the regulatory policy which applies to all types of USACE permits and its relation to applicable Federal
law. It also disposes the aspects which should be considered at the time of evaluating permits, describes permit
procedures to fill or dredge wetlands and describes the types of penalties and applicable procedures for public
meetings, among other aspects.
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Need: Study to determine the exact impact of mitigation activities and the extension of the
types of mangroves on the Island

Currently, no agency, department or environmental entity knows exactly what percentage of
the mangroves belongs to what species. In the absence of a systematic monitoring of
mitigation projects, the failure or success of mitigation or reforestation actions is also
unknown (Pérez, 2003).

Need: Apply policies established by the Special Planning Area Management Plan for Puerto
Rico’s Mangroves in an effectively, efficiently and coherently manner.

The Special Planning Area Management Plan for Puerto Rico’s Mangroves provides
mechanisms for the acquisition of land through donation, management agreements, leasing,
exchanges or the administration of public land. The donation provides for private
landowners who have mangroves, to cede them to the DNER. Management Agreements can
be established between private owners and the DNER. These agreements allow for the
conservation of the area, while the owner can keep the deed to the land. DNER can also enter
into a lease agreement with deed holders for a determined period of time, with the purpose
of using the land for conservation purposes. DNER can also exchange land of natural value
for other land of natural value, such as mangroves.

Need: Promote the use of the planning instruments established in Chapter 13 of the “Law of
Autonomous Municipalities”

Some of the planning instruments established in Chapter 13 of the “Law of Autonomous
Municipalities”, supra, such as transfer of development rights, open an opportunity for
protection of lands in private property or belonging to other government agencies or public
corporations. One of the established mechanisms, known as dedication, allows for the
donation of land of natural value to a Puerto Rico government agency (DNER) as part of the
implementation of a Municipal Land Use Plan.

Need: Promote a mechanism for transferring to DNER all mangroves in hands of other Puerto
Rico Government agencies or corporations

It is recommended that DNER solicits the transfer of all government-owned land which
contains mangroves.

Need: Achieve the transfer to DNER of all mangrove areas currently located in former military
installations which have been declared surplus.

Other cases could require placing a claim on lands declared as surplus and which may
contain areas with mangrove systems.

B. Protecting mangroves against sedimentation and oil spills

One of the most significant measures to avoid damage caused by sediments, as well as other
pollutants, in the coastal zone, has been EO 1999-08. This EO orders all government entities
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to develop and implement the Puerto Rico Coastal Nonpoint Pollution Control Plan
(PRCNPCP). This Plan establishes management measures by categories, including
dispositions related to agricultural activities, urban, marine, recreational boating, wetlands,
river Banks and vegetation treatment activities.

Other measures to reduce damage caused to mangroves due to sedimentation and oil spills
are discussed in other parts of this report related to “reduction of erosion and
sedimentation” and the “reduction of damages caused by oil spills” in the section dedicated
to Coastal Waters.

C. Protecting mangroves against solid waste disposal

Another cause for the deterioration of mangroves is the fact that some of these areas have
been used for waste disposal, particularly solid waste. For example, the Cabo Rojo’s landfill
was located in a mangrove, constituting an activity that threatens the mangroves in La Garra,
Bahia Sucia, the Bird Refuge and Cario Boqueron.
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TABLE III-10. TYPES OF MANGROVES IN PUERTO RICO AND A SUMMARY OF MANAGEMENT RECOMMENDATIONS

Types of mangroves in Puerto Rico and a summary of management recommendations

Classification Location Ecological value Management recommendation Detrimental activities

Wildlife refuge. Water quality control.
Dissipates sea energy. Its roots and bottom

Mangrove Isle South Coast are habitat and nursery for youth species.
Offers protection and nourishment to many
marine organisms.

Excessive marine pollution, oil spills,
Selective cuts with recreational levee around the isle, excessive
purpose. Fishing and wildlife refuge. dredging, sedimentation and
excessive cutting.

Border
mangrove
. . Wood production with short rotation
Coastal protection. Exports high amounts of
Throughout the length of canals, K . intervals. Oysters and seafood | .
) ) organic materials to ecosystems located ) . . Discharge of sanitary water systems,
rivers, lagoons, coasts; predominates N N . production. Recreational facilities and ) .
a. Coastal X downstream. Soil formation capacity. Mostly . X levee, excessive dredging and
en la in the Southern Coast of the . housing, but in a way that they would ] A
dominated by red mangrove, where the ) . - sedimentation.
Island . ) not interfere with maritime currents or
waves energy is major. X
terrestrial runoff.
Nursing ground for maritime organisms. The
interior is dominated by black mangrove. Susceptible to activities involvin
A South Coast; bordering, canals and . Y 9 Recreation, fishing; research and p . . . 9
b. Interior Coastal protection and regulates the . . canalization, filling, dredging and
lagoons. . N A selective cutting. .
exportation rate of organic materials to levee construction.
water bodies.
Basin protection. Water storage. Water Highl tible t h
i susceptible to any human
Dwarf Mangrove South Coast quality control. Abundance of aquatic birds  Landscape view (no alteration). ? Z P 4
activity.
(wildlife). Y
Wood production with 20 years
rotation. Processing of domestic
L. . ) Water quality control. Habitat for high and 9 ) .
Riverine Predominates in the Northern Coast X effluents from nearby urban systems. Prolonged flooding. Excessive
low grounds species. Flood control. Regulator ) o N )
mangrove of PR . . . Have precautions with river flow sedimentation.
of regional environmental quality. X
management and control with
mangrove's water depth.
In theory, ideal sanitary water
. . . v 4 Water level should not exceed
Basin mangrove  North Coast Effective sediment trap. treatment. Wood for clear-cut

neumatophores' height.
harvest. Recreational activities. P P 9

Source: DRNA (2003). Plan de Manejo para el Area de Planificacién Especial de los Manglares de Puerto Rico.
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3.2.4 DUNES

Findings

Dunes provide an important barrier against the onslaught of waves during weather events
along Puerto Rico’s North Coast. Despite been reduced in numbers and extension, dunes

provide protection to life and property and are a natural mechanism to limit coastal erosion.

In Puerto Rico, dune remnants can be found in the municipalities of Isabela, Quebradillas,

Camuy, Arecibo, Barceloneta, Loiza and Carolina. Of these places, the largest concentration of

sand can be found in Isabela, followed by Carolina and Loiza. However, the height and size of
these dunes are insufficient for protection of life and property in the long term.

Due to the massive extraction of sand, very few dunes remain. The extraction of sand as a
result of the construction industry has eliminated many kilometers of protective dunes. In
areas where extraction has reached critical levels, saline intrusion and coastal erosion
problems has been created. This has been the case of the Tres Palmitas beach in Loiza and
the coast along Isabela. It is estimated that approximately 2.5 million cubic meters (m?®) of
sand were extracted from points to the west of Punta Jacinto in Isabela.

With the destruction of the dunes, the potential for damage due to coastal storm surge has
increased, although the magnitude of that potential is still unknown. The actual conditions of
some of the dunes are inadequate since their height, width and stability offer neither
security nor protection to life or property located in the coastal zone (Martinez et al., 1983,
as cited by Valeiras, 2007). Furthermore, the destruction of the dunes has contributed to
coastal erosion.

The use of all-terrain vehicles along the beach has been an activity with negative
consequences on the sand dunes among other coastal resources. These vehicles destroy
dunes and rips out vegetation, which alters the stability of the dunes.

Public policy

The OPP-PRLUP establishes as the general policy to "avoid all activities which could cause a
deterioration or destruction of natural systems which are critical to the preservation of the
environment, such ... sand dunes." (See Policy section 30.03).

Implementing the Policy

A. Preventing excessive extraction of sand from protective dunes

1. Commonwealth regulation governing sand extraction

Commonwealth law prohibits the extraction of sand from protective dunes. The “Sand and
Stone Law”, Law No. 132 of 1968, was approved with the purpose of establishing in DNER a
clear procedure for granting and renovating permits for the extraction, excavation and
dredging of crust components. This law includes the principal mechanism which prohibits
extraction of sand from dune areas. It also establishes that DNER’s Secretary will not grant
permits for excavations, extraction or dredging of crust components when, among other
conditions, the activity proposed is located in area of dunes.
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The “Law for the extraction and excavation of Earth’s crust components”, supra, establishes
prohibitions for the excavation, extraction, removal or dredging of crust components in dune
areas and it stipulates that the effects of this activity should be considered when it is
proposed in dune areas in the maritime zone.

Also, the “Special Flood Hazard Areas Regulation”, supra, prohibits the alteration of dunes or
wetlands which could increase the potential for damages from flooding due coastal surge. It
also proposes the review of all development permit application in the coastal zone to
determine if the proposed action will alter wetlands or dunes in such a way that it could
increase the risk of damage due to flooding.

Coastal dunes are land deposits caused by wave action. With the help of the wind, the dunes
are deployed along the coast in the maritime zone, therefore, they are under the jurisdiction
of the “Regulation for Use, Surveillance, Conservation, and Management of the Territorial
Waters, Submerged Lands and the Maritime Zone,” supra.

Another mechanism for protection is Administrative Order No. 2-93 (A0-2-93), issued by the
DNER Secretary in 1993 to “establish public policy regarding the conservation of sand
resources in Puerto Rico.” This mechanism was created as an attempt to promote balance
between supply and demand of this resource from the construction industry as well as its
conservation. The Order prohibits all extraction from beaches and the mouths of rivers,
specifically in Puerto Rico’s maritime zone. This order was issued after it was recognized
that extraction of sand from the beaches and coastal dunes can cause substantial changes to
the terrain, affect the balance of sediments and cause severe erosion, substantially degrading
the environment.

The extraction of sand from navigable waters (river mouths and underwater deposits)
requires a federal permit from USACE (see discussing regarding dredging in the Coastal
Waters section).

2. Compliance with regulations regarding sand extraction

Two problems related to the compliance with the “Regulations for the Extraction,
Excavation, Removal and Dredging of Earth Crust Components”, supra. The first problem
surfaces when those who have been granted permits exceed the quantity of material they
were allowed to extract.

The second problem is the cumulative impact of sand extraction without permits. These
extractions generally happen in a smaller scale, typically one or two men with a shovel and a
truck. Often, these individuals extract sand from public beaches and some of them have been
doing this for years without realizing that this is stealing. This numerous small-time
operators represent a difficult obstacle to enforce the regulation.

Need: Rigorously enforce the regulation of the extraction of Earth crust components and
enforce limitations imposed on extraction permits.

The responsibility for enforcing these statutes falls on the regional offices of DNER’s Rangers
Corp.
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3. Special Planning Areas (SPA)

The remaining dunes are subjected to intense conflicts between the competitive demand for
sand extraction, the need for protection against floods, recreational use and tourism. Dunes
should receive attention from the government through the assignment of resources to take
inventory and careful planning.

With the adoption of PRCZMP in 1978, the Boca Cangrejos-Pifiones and Isabela areas were
designated as SPA. The SPA in Pifiones has a Land Use Plan adopted by the PRPB in 1992 and
approved the Governor in 1995. Meanwhile, in Isabela, remnants of sand dunes, product of
intense sand extraction, still remain. These remnants are part of a SPA which has been
named SPA Isabela-Aguadilla and includes other important ecosystems such as palisades
and diverse wetlands.

DNER prepared a Management Plan for the SPA Isabela-Aguadilla which is currently under
consideration by the PRPB for its approval. Meanwhile, the area continues to experiment a
considerable increase in construction activity. Furthermore, the zone is still being intensely
used for recreational activities with the potential of further degrading the dune remnants.
Walking access to some areas of the beach runs through the dunes which lead to other
activities, such as the parking of vehicles on, or very close, to the dunes, an activity with the
potential of further destabilizing them.

Need: Adopt a Management Plan for the SPA Isabela-Aguadilla

B. Providing sand for the construction industry

The protection of the dunes (and the beaches) by means of regulations will continue to be
difficult (at both the policy and enforcement levels) until the industry develops or is given
alternatives for the acquisition of aggregate material from other sources at reasonable
prices. The report “Puerto Rico and the Sea” (1999) recommends the use of incentives, tax
credits, loans and technical assistance to promote sand manufacturing through the recycling
of concrete, plastic, glass and rock demolition. Help in the development of these sources is a
key recommendation included in the PRCZMP, discussed in the section dedicated to Sand for
Construction.

Need: Seek alternative sources for the construction industry.

It is necessary to adopt alternatives to supply the demand for sand by the construction
industry. Among the alternatives are: the manufacturing of artificial sand and the recycling
of materials, among other environmentally safe measures to meet the current demand.

Another alternative which has been used by other coastal countries for the regeneration of
these systems is the extraction of sand from the seabed using suction tubes. This activity
should be done in proximity with the coastal zone to be benefitted. Research done on the
insular platform by the USGS identified three underwater deposits of sand and gravel of
economic importance: to the west of Vieques, to the north of Isabela and to the south of Cabo
Rojo (Rodriguez, 1996). However, although it may seem viable from an environmental and
economic perspective, this would only be a temporary solution to the critical situation of
sand supplies for construction.
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Faced with this situation, the Solid Waste Authority (SWA) should take the lead in the
development of recycling plants to process plastic, glass and concrete for the manufacturing
of artificial sand. Meanwhile, DNER, as the lead agency responsible for the regulation of
extraction of crust components, should examine the estimates of sand reserves available to
be extracted and, if feasible, use its leadership to formulate legislation to prohibit sand
extraction from the maritime zone and coastal areas which are property of the government
(Beller et al., 1999).

Need: Establish a program or take measures to restore and stabilize the dune remnants.

According to the Management Plan for the SPA Isabela-Aguadilla, after decades of massive
extraction, there are still residual dunes with potential to be restored.

A measure to protect these dunes from the erosion process is the reforestation of the dunes
and adjacent areas. This should be done with plants resistant to sand movements and to high
salt concentration and require little water. However, for this measure to have any success, it
needs to be accompanied by other measures to protect the beach.

A study done by Nichols & Cerco (1983) regarding the function of coastal dunes for the
protection of sand resources, proposes various measures in order to protect and restore this
resource. The study was done in response to the decay of sand dunes and its fundamental
purpose was to manage the dune remnants through a scientific base and engineering
principles in order to minimize future damage and assure their stability. Also, this study
provided some direction for future sand extraction, which permits protection to a certain
degree, by reducing the height of some coastal areas and reserving the capacity of the sand
to “feed” adjacent beaches.

Among the measures presented in the mentioned study was the natural restoration by
erecting barriers between the dunes and human activities, in order to allow for the natural
process and dynamics to gradually rebuild the dunes. To achieve this, a barrier of between
60-70 meters in width would need to be built and deployed along the existing coastal dunes
(Nichols & Cerco, 1983).

Other alternatives are the construction of beach fences, as suggested by the Management
Plan for SPA Isabela-Aguadilla and the construction of accesses or boardwalks much like
those built by DNER in Loiza.

3.2.5 BEACHES

Findings

The beaches of Puerto Rico are coastal resources of great importance. Beaches are defined as
banks along the sea or ocean formed by non-consolidated sand - occasionally by gravel o

pebbles - on level surfaces with smooth leanings and which could have characteristic
vegetation.®® In Puerto Rico, including Vieques, Culebra and other islets and cays, there are

68Definition taken from “Regulation for Use, Surveillance, Conservation, and Management of the Territorial Waters,
Submerged Lands Thereunder and the Maritime Zone,”
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approximate 998.6 km of coasts, of which 208 km. (41%) are beaches. That extension of the
coast line is divided into 231 beaches in 42 of the 44 coastal municipalities. Of these, 97 have
been classified as accessible or swimmable beaches by DNER (CPN, 2002).

Beaches are resources of incalculable value for the protection of other natural resources. For
example, beaches are spawning ground for some marine turtles including some endangered
or threatened species (see section on Wildlife). Beaches are also important for recreation
and tourism activities.

The composition of individual beaches depends of the source of materials. Sand for beaches
primarily comes from the sediment carried by rivers from the interior of the island; coastal
erosion from cliffs, dunes, nearby rocks and material transported by currents, such shells
and corals.

There are three dominant groups of minerals characteristic of Puerto Rico’s beaches: quartz
sands with feldspar; volcanic rock, serpentine and mineral group; and sands from calcium
carbonate.

The color of the beach sand reflects its composition and this depends on the composition of
the origin rock. In general, the rivers carry sediments comprised of dark minerals
(magnetite), clear minerals (quartz) or rock fragments. For example, beaches which are
located near river mouths and which receive sand from the interior are commonly grayish or
black in color. Beaches with white or yellowish sand, which are sands with calcium
carbonate, are composed of fragments of calcified skeletons from marine organisms which
grow in the insular platform. In most beaches, both sediment and calcium carbonate
contents are found, but what varies is the proportion of these elements.

In Puerto Rico, there are few places where the same type of sand composition persists.
Beaches with different types of sand are observed within small distances since each one, no
matter how small, is a system which receives its sand from a different source.

Most beaches in Puerto Rico are assets of public domain. This is a legacy from Roman and
medieval law which was transferred to Puerto Rico by the Spanish government as part of its

port system and has remained despite the changes in sovereignty.

The “Law of Waters” of 1866, under which Spain sought to uniformly regulate waters in
Spanish territory, is a precursor of current legal concepts for the management and
monitoring of public domain assets. These include the definition of beaches, their
components and criteria for their demarcation (Cerra & Salles, 2007).

The “Law of Spanish Ports” of 1880, was extended to Puerto Rico in 1886 under the name of
“Law of Ports for the Island of Puerto Rico” and declared as public domain assets and for
public use the maritime zone and the coast. In 1898, after the Treaty of Paris was ratified,
Spain ceded the Puerto Rican territory, including its public domain assets and its
administration, to the United States. The administration of these assets was transferred to
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the Government of Puerto Rico by the Foraker Act (1900) and the Jones Act (1917)¢°, with
the exception of the navigable waters and beaches belonging to the Caribe Hilton Hotel.”0

In 1968, the “Puerto Rico Ports and Piers Law”, supra, went into effect and it adopted the
definition of maritime zone included in the “Law of Ports for the Island of Puerto Rico,”
supra. It is not until 1980 that the United States government recognizes that the Puerto Rican
government owns the rights to the underwater land up through a limit of three marine
leagues, equivalent to 10.35 nautical miles.”!

DNER, as stipulated in its Organic Law, Law No. 23 of 1972, as amended until 1999, is Puerto
Rico’s government agency responsible for monitoring and conserving Puerto Rico’s
territorial waters, the underwater land in them and the maritime zone, as well as manage its
use and enjoyment. Said law also transferred to DNER the responsibility of demarcation of
the maritime zone.

The demarcation of the maritime zone is a critical component for the implementation of laws
and policies regarding the coastal zone, in particular the “Regulation for Use, Surveillance,
Conservation, and Management of the Territorial Waters, Submerged Lands Thereunder and
the Maritime Zone,” supra, which stipulates the operational framework for the agency’s
mandate to conserve, oversee and manage the maritime public domain assets.

Management of Puerto Rico’s beaches falls under several government agencies. Through the
passage of the “Law to create the Interagency Board for the Management of Beaches in

Puerto Rico”, Law No. 293 of 1999, an organism responsible for establishing public policy for
the management of Puerto Rico’s beaches was created.”? The responsibility to coordinate
efforts as well as public and private resources in order to promote safety, conservation and
adequate use of the beaches was delegated on this Board. The Board is also responsible for
the compliance of laws as well as commonwealth and federal regulations regarding beach
resources, among other responsibilities.

Extraction of sand from the beaches, which caused severe damage for a long period of time,
no longer represents a grave danger. In the past, many beaches were intensively exploited to

extract sand for construction purposes. The problem of extraction without proper
authorization still persists (see discussion about this topic in the Dunes section), but the
problem is more focused on river mounts rather than beaches.

Erosion and contamination affects beaches as well as other parts of the coast. Erosion has
drastically reduced the size of some beaches (in the section dedicated to Coastal Erosion,

measures to respond to this problem are discussed). Furthermore, water contamination
interferes with the recreational use of some beaches.

69 Foraker Organic Law, April 12, 2000 and Jones Act, Organic Letter of Puerto Rico, 1917

70The legal status of the site of the Caribe Hilton hotel was originally part of the San Juan Naval Base and today
belongs to a Puerto Rico Government agency which leased it to the Federal government for 999 years (an unusual
lease). (See the opinion of the Puerto Rico’s Solicitor General of Nov. 25, 1970 and Haba Vs. el Trib. de
Contribuciones, 76 DPR 923 (1954); the right to exclude the public from the beaches in that area is upheld.

71 Public Law 96-205, 1980.

72 The same is composed of seven members from government agencies: DNER, EQB, PRPB, Department of Sports
and Recreation, Office of the Commissioner of Municipal Affairs and representatives from the private sector
associated with the tourism industry.
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With the purpose of protection the health of beach users, the EQB established the Beach
Monitoring and Public Notification Program. Under this Program, EQB samples water from
24 beaches throughout Puerto Rico every two weeks in order to monitor the presence of
fecal contaminants in the water.

Aside from monitoring, the Program includes notifying the public about results and possible
health risks. Public announcements are made through press releases, signage on the beaches
and the placement of flags which notify beach users regarding the conditions of the waters.

A series of additional obstacles exist which impede the public’s optimum enjoyment of
recreational facilities in the beaches. Among these are:

o Legal barriers which impede access to some areas.

« Some beaches, although legally public, are not accessible because people cannot cross
properties adjacent to the beach. The obstacles can be legal (access is prohibited) or
practical (i.e. cars or parking are not permitted).

o When people arrive at the beach (or other parts of the coast) they find the lands have
been invaded.

« Tall buildings form shadows which affect visually the beaches.

o Some beach areas are too small in proportion to the level of recreational use on them,
which may lead to over usage and subsequent deterioration.

o Absence of facilities, services or adequate infrastructure (patrols, lifeguards,
restrooms, parking, facilities for handicapped and signage).

» Poor water quality or coastal waste.

« Possible conflicts between beach users such as, salespeople, fishermen, swimmers,
surfers, among others.

These obstacles, that should be overcome in order to assure maximum use in the present
and the future, will be discussed in the following section.

A. Securing the public’s rights to use the beaches

Findings

The majority of Puerto Rico’s beaches are legally open to be used by the general public. The

coastal space touched by the sea flow is included within the maritime zone73, and it is part of
the public domain.”+

The “Regulation for Use, Surveillance, Conservation, and Management of the Territorial
Waters, Submerged Lands Thereunder and the Maritime Zone,” supra, establishes four
fundamental aspects related to the management of these resources. They are:

73 Puerto Rico Ports and Piers Law” of 1968.
74 Puerto Rico Civil Code (1930). 31 LPRA Art. 254.
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o The beaches are not for private use and their access will be public, except in justified
cases for safety reasons, among others;

o Usage of assets of public domain in the maritime zone will be free, public, and at no
cost for common uses;

e Uses which require facilities or what special circumstances will require the
authorization granted by DNER and

o Said activities or facilities will have to be related to the use of the waters.

However, over the last decades, conflicts regarding the use of the maritime zone for non
water activities and the zone’s occupation, legally or illegally, have proliferated. This could
be a result of the diverse interpretations in the application of the criteria at the moment of
doing the demarcations, which are done on an individual basis in the absence of a general
demarcation of the zone.

In some cases, access to the beaches can be restricted by the government for safety reasons.
This is the case of the former training grounds that were property of U.S. Navy in the Eastern

part of Vieques, where a large part of the coast is restricted for safety reasons and belongs to
the Wildlife Refuge under the administration of the USFWS. Within this area, some beaches,
such as “blue beach” (Bahia Corcho) and “red beach” (Bahia de la Chiva) were opened for
public use.

By the same token, a number of beaches which were formerly reserved for the recreational
use for military personnel (Crash Boat in Aguadilla and Punta Salinas in Toa Baja) are now
open to the general public. Others, such as the case of the former Roosevelt Roads Naval
Base, will be opened to the public once the transfer process to DNER is completed.

Another factor which can limit public access to the coast are land concessions granted by the
Spanish Crown. These concessions were granted before the “Law of Ports for the Island of

Puerto Rico”, supra, went into effect in 1886 and there are some landowners who claim their
rights under these concessions. These concessions can authorize certain private landowners
to exclude the public from using beaches allegedly on their property. However, it is still
unknown how many beaches are subject to these concessions and/or their legal validity.

Responding to findings

1. Demarcation of the maritime zone

In order to be able to execute the surveillance and conservation of the maritime zone, as
stipulated by its Organic Law, DNER adopted the “Manual of Procedures for the Demarcation
of Inland Limits of Public Domain Assets in the Maritime Zone.” Said manual establishes the
criteria, indicators and provides uniform methodology for making decisions associated with
demarcations, among other aspects.

DNER is also working on a project knows as the “Development of the baseline for the
demarcation of the Maritime Zone for Puerto Rico, Culebra and Vieques.” This project
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constitutes an official reference system for the demarcation of the maritime zone which is
based on: data and information obtained from computer models and simulations of the
maximum tide associated with metonic cycles?s;

o The most recent ortophotogrametry;

o Sequential geographical analysis to detect changes in the coastline using historical
aerial photographs (since 1936);

o Official historic land boundaries in the maritime zone and contiguous conformities on
record in DNER and DTPW archives ;

» Analysis of the permanent vegetation line, which serves as an indicator for the coastal
line to be demarcated as part of the Maritime Zone and natural systems with different
characteristics to those which constitute the Maritime Zone

» models and simulations of waves associated with historic recurring storms in Puerto
Rico;7¢ and

o field work from the traditional work done by land surveyors.

Prior to the beginning of any project within the Maritime Zone, DNER’s Land Surveying
Division must establish the boundary of the zone in order to assure the usage of maritime
public domain asset in free, public and with no cost for common use of the resources.
However, for projects which require construction of facilities which are dependent on water,
DNER can grant a concession to authorize its enjoyment.

2. Registration of Spanish Crown concessions

More information is needed in order to determine if concessions made by the Spanish Crown
represent a potential threat to Puerto Rico’s beaches. It is not known with certainty which
coastal lands are subject to those concessions. For example, the PRCT counts with land,
known as Salinas Fortuna in la Parguera (Debbie Boneta, 2003; personal communication)
under these concessions. There is no inventory of agencies, public corporations or citizens
who may own lands under these concessions.

In order to deal with a similar issue regarding water resources, the Government of Puerto
Rico approved the “Water Act’, supra, which requires a registry of Spanish Crown
concessions for water sources. There is, however, no similar law to deal with concessions
which may authorize landowners to exclude the general public from the Maritime Zone.

Need: Law which requires a registry of concessions which may exclude the general public.

In order to have an inventory of coastal lands which may be subject to Spanish Crown
concessions, a law which requires a registry of these concessions, which may authorize the
exclusion of the general public from the Maritime Zone, must be passed. The law should also
establish in a reasonable period of registration, maybe a year, after which 1) concessions

75 19-year cycles.
76 Pressure and winds of 55 mph and winds associated with a Category 2 hurricane.
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which are not registered will be invalidated and 2) the validity of said concessions will be
determined in a manner determined by law.

3. Federal lands declared to be surplus

Established policy. The federal government has declared some of its lands on the coast as
surplus. This presents an opportunity to expand and optimize access to the beaches. The
following public policy is established in order to take advantage of opportunities which may
arise:

Appropriate access to federal beaches declared surplus from now on.

If any of Puerto Rico’s beaches, which are property of the federal government, were
declared surplus for the needs of said government, then those beaches will be made
accessible to the maximum extent to which it is practical for the permanent
recreational use of the general public, unless a more appropriate use, and for the
general wellbeing of the Puerto Rico Government, is found.

B. Public access to the coast

Findings

Some beaches are not accessible because people cannot pass through contiguous properties
in other to reach them. In certain places, there is no legal access to pass through contiguous

properties. In other places, rights to pass exist, but there are different obstacles impeding
access as well as obstacles for pedestrians, vehicles or lack of parking.

Lack of access to the coast has become a problem of great importance. In towns and cities,
generally, the streets are used to provide access to the coast. By the same token, fishermen

and others who needed access could, often, cross through properties along the shore,
sometimes with or without the legal right to cross.

However, access has become a significant problem in recent years mainly due to changes in
development patterns along the coast. Starting in the 1990s, controlled access to
urbanizations and residential complexes along the coast has proliferated. Many of these
control access using security guards or rigid structures, such as fences or gates. This has also
created psychological barriers since they create the perception that free access is not
permitted. The resort community of Palmas del Mar in Humacao is the most vivid example of
this practice in Puerto Rico (Francisco J. Quintana, 2003; personal communication).

Furthermore, the substantial increase in the use of private cars causes vehicular congestion
and stuns access due to the improvisation of parking areas along the roads, situation which
further damages adjacent coastal systems. Another problem is the fact that mass
transportation on the island provides access to a few beaches mainly in the SJMA. The rest of
the beaches (the majority) are used by a growing population which access the beaches using
private vehicles.
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Need: Establish transportation requirement for the beaches for special events and days where
most visitors are expected.

The problem of access due to vehicular congestion can be experimented throughout the
complete coast of the island. The establishment of requisites for collective and/or alternate

methods of transportation is recommended when special events are programmed for beach
area in order to control excessive levels of vehicles in the beaches. Access to the beaches can
be provided through a series of facilities which would make viable, as is the case of public
beaches. It is important to ensure, however, that access to the beaches does not interfere
with the enjoyment of said resource, since, for example, people can park inadequately and
harm the resource an impede access for other people. An alternative would be to provide
parking areas and that people can access the beach as pedestrians.

For this alternative, the establishment of priorities should be considered since it would not
be practical to provide facilities to all 97 beaches categorized as accessible and swimmable
by DNER (CPN, 2002).

Need: Maximize public access to Puerto Rico’s coast and beaches in compliance with the
current laws and regulations.

In Puerto Rico, the “Zoning regulation for the Coastal Zone and Access to Beaches and Coasts
in Puerto Rico”, supra, requires adequate accesses to beaches which should be free of
obstruction with adequate signage. There has been great conflict in the implementation of
this Regulation, particularly in matters dealing with the granting of exceptions and
variations for reasons and justifications which are not necessarily clear.”? This has had
negative social consequences in the sprawling of communities including fishing communities
which have displaced due to the construction of residences and condominiums on what used
to be their work area (Ruiz, 2002).

Need: Strengthen the development of coastal communities by making them more productive
and resistant to coastal risks.

E0-12898 requires from federal government agencies and those projects which use federal
funding to incorporate environmental justice concepts into their proposals and plans. The
EPA’s Region 2, of which Puerto Rico is part, developed guidelines for environmental justice.
Locally, the “Regulation for presentation, evaluation and procedures of environmental
documents,” Regulation No. 6510, requires that, as part of an Environmental Impact
Statement (EIS), an environmental justice study is done which incorporates population
distribution by ethnic group and by socioeconomic parameters. However, it is
recommended that more specific guidelines be developed at the local level in order to
include other evaluation criteria to avoid exclusion and displacement situations, particularly
of workers who depend on access to the beach for their livelihood.

77 See NOAA'’s document “Final Evaluation Findings, Puerto Rico Coastal Zone Management Program, March 2001
through May 2005”.
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Public policy

In the OPP-PRLUP, the following public policy regarding access to public beaches is
established.

"Avoid, that by the establishment of new activities or by lot authorization, the
unnecessary loss of future use options of the resources, keeping, among others, the
following objectives:

-Avoid construction of buildings in beach areas and dissuade those activities or lot
divisions in land contiguous to the beach which have an effect of impeding: free access to
beaches, the free enjoyment of its scenery and the free access to the sun and enjoyment
by all of the citizens” (See Policy 30.07).

Additional Policy established

The PRCZMP established the following policy:78 Public access to beaches. Development in

front of the coast, be they public or private, should, in the measure in which it is practical, be
designed to facilitate instead of obstructing access to the coast by the general public. It is
recognized that the general wellbeing, on occasions, requires restriction of access (i.e. to
areas of environmental crisis or endangered species or for public safety reasons). However,
the de facto segregation of public beaches, as a result of development patterns, for the
enjoyment of private landowners by preventing access by the general public is prohibited in
Puerto Rico.

Implementing the Policy

1. Inventory of beaches and access plans

DNER’s Coastal Zone Division counts with a component known as Public Access to the Coast,
under which an inventory of public accesses to the coast, an evaluation of coastal activities
and recreational activities and the creation of strategies for improvement of accesses have
been established.

The “General Plan for Public Access to the Coast” is currently being prepared for all seven
coastal sectors. At the moment, “Guidelines for Public Access to Puerto Rico’s Coasts” have
been prepared for the West and Northwest Sectors.

Other initiatives, such as creating a uniform signage system for beach access, risk areas and
those areas deemed hazardous for swimmers, are also underway. The Division has also
participated in access improvement projects which also help protect critical natural
resources. For example, a boardwalk was built over the sand dunes in Pifiones in such a
manner that beach users could have access to the beach without having to walk over the
dunes.

78 This policy was established by the PRCZMP of 1978 and was taken from the document “Puerto Rico and the Sea”
of 1972. As previously stated, this revision does not include new public policies.
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Need: Beach Access Plan.

The “General Plan for Public Access to the Coast” contains information regarding public
access and regarding places of interest where sporting and recreational activities take place
along the coast. However, it is necessary a plan with broader information, which aside from
identifying accesses, recognizes the following:

o The varied characteristics of the coast - for example, in some areas beaches are long
and contiguous while in others the beaches are small and rocky;

» The uses and functions of the coastal characteristics - this refers to the different ways
people can enjoy the coast and an opportunity to establish restrictions in some areas
to promote less intensive use;

o The different means by which accesses can be established - an alternative would be, in
cases in which road parallel to the coast exists, that beach access can be secured by
restricting construction to the south of the road and limiting construction parallel to
the coast.

o The need for public facilities such as rest rooms, parking, pedestrian accesses, among
others, after a need assessment is completed.

The beach access plan hereby recommended should also: 1) establish accesses to beaches
containing structures which currently impede it or where access is confusing and 2)
determine possibilities of providing access attune with public safety needs and the
protection of resources.

2. Require that all new coastal developments provide access

The PRPB, according to the dispositions included in its “Organic Law”7?, adopted the “Zoning
regulation for the Coastal Zone and Access to Beaches and Coasts in Puerto Rico,” supra. Its
purpose is to protect and guide the development of coastal lands according to their potential
as well as provide access to Puerto Rico’s beaches and coasts. This regulation requires the
provision of coast and beach access from new projects developed in the Maritime Zone.
These accesses can be provided either through the project or bordering them and should
observe a maximum separation of 800 meters in urban areas, if they are for vehicular access,
and 400 meters for pedestrian accesses.8? In non-urban zoned areas, the separation will be
1,600 meters for vehicular access and 400 meters for pedestrian or any other access.
According to the Regulation, all accesses must include correct signage with the name of the
beach or the sector.

79 Said law establishes that the PRPB must adopt a regulation on control of use of beaches, public beaches and other
bodies of water to control the development and use of beaches, public beaches and other water bodies in protection
of the public’s interest, for the concessions which were granted for recreational and touristic purposes in a manner
that it assures that entities which have such concessions offer adequate installations to the public which guarantee
and do not pose an obstacle for public use of those portions of the beaches.

80 In the case of lots segregated prior to approval of this regulation, the separation for vehicular access can be
incremented to 1,200 meters and to 600 meters for pedestrian or any other accesses.
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The Regulation also establishes that for all construction, lot division or urbanization of land
in front of the coast, the PRPB will require a buffer zone of at least 20 meters wide,
measured from the delimitation of the Maritime Zone towards inland. The Regulation further
establishes that no edification will be built in an area 30 meters wide contiguous to said
buffer zone.

At the municipal level, the “Law of Autonomous Municipalities,” supra, also incorporates the
topic of beach access pointing out that “the municipalities will not approve developments
which could limit or impede free public access to coasts or beaches, which would entail
private or exclusive enjoyment of the resource by jeopardizing the people of Puerto Rico’s
legitimate right to use and enjoy said areas.”

3. Government acquisition of access easements

The beach access plan previously recommended could demonstrate that the acquisition of
land (right of passage) is appropriate in order to provide access to some portions of the
coast. This could be done in rural areas where access has been blocked and where no coastal
development has been planned.

Through the “Land and Water Conservation Fund Program” which is administered by NPS,
the commonwealth or municipal governments can acquire lands through matching of federal
funds. These lands could be used for the development of facilities for recreational use,
including access to the coast.

Furthermore, Section 306A of the “Coastal Zone Management Act” establishes that funds can
be assigned to eligible coastal jurisdictions which comply with, among other objectives, the
establishment of public accesses to the beach and other coastal areas.

However, each one of these alternatives including the use of federal funds, requires that
these funds are matched with local funds.

Need: An element of the plan which evaluates the acquisitions needed in order to provide
access.

The beach access plan previously recommended, should evaluate the need to acquire
additional access routes and identify those which have priority.

4. Protecting and clarifying existing accessways

The law and habitual use have created important access rights to the coast. The protection,
signage and clarification of these rights comprise an opportunity to secure these accesses
and their use. Among those access rights are:

a. Rights-of-way from “time immemorial”’- This is a legal access right which is created when
the general public has been crossing a particular property for as long as anyone can
remember,8! and before 1889, when the Civil Code went into effect.82

81 Laws of Castille (Las Siete Partidas).
82 Gonzalez Avilés, p. 90.
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Need: Identification of immemorial rights-of-way

The beach access inventory should recognize accesses which have been used for “as long
anyone can remember.” If the affected properties are subsequently developed, these
accessways should be protected. In some cases, these accesses should sufficiently important
so as to use judicial processes or other measures in order to protect or clarify their status.
However, the burden for proving immemorial usage is difficult, ergo the opportunities to
guarantee accesses by this mean are limited.

b. Other rights-of-way- With the exception of habitual use, prolonged public access through

a private property rarely results in legal right of access in Puerto Rico.83 The claiming of
rights through legal prescription therefore presents few opportunities to secure access to
the coast.

c. Easement and surveillance- The “Law of Ports” of 1886 established a surveillance

easement in order facilitate patrolling of the coast by government authorities.8* This
easement of surveillance on the coast is a legal obligation which consists of leaving a strip of
land six (6) meters wide contiguous to the line of high tide, or the line determined by wave
action after major storms where use of the line of high tide is not sensible. In places of
difficult or dangerous passage, the strip could be placed further inland but without
exceeding that which is strictly necessary. In areas where it is impossible to create this strip,
owners of the contiguous land must allow access to authorized personnel as long as this
access is necessary.

The salvage easement is another legal obligation on private property contiguous or on the
Maritime Zone. This easement is defined by a strip twenty of (20) meters wide measured
toward the interior line of demarcation of the Maritime Zone.

This easement was created to benefit fishermen who may need to enter private property
when they are at the coastline due to an emergency, due to mechanical problems or
problems with their vessel.8> This easement is often used by governmental authorities to
maintain public order.

C. Removal of squatters from the coast

Findings

Squatters have built structures on public property, on both land and in the water, in various

places along the coast. Squatters who have settled along the Maritime Zone constitute one of
most critical problems in the management of the coastal zone. The illegal construction of
marine structures, residences, touristic and recreational facilities is sprawled along Puerto

83 Only the rights of passage which are continuous and evident can be obtained without a deed. (See Civil Code, Art.
475312 LPRA 1653.)

84 The same law apparently establishes a salvage easement which extends 14 meters inland for the benefit of sailors
and fishermen forced out of the sea by storms. Even if this easement is still legally valid, it does not appear that it
creates rights of access which allow the general public reach the coasts from the roads. The rights of access which
are created apparently are from sea to land.

85 Spanish “Law of Waters” of 1866 and “Law of Ports” of 1886.
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Rico’s coast. Examples of these squatter invasions along the coastal zone are residences in El
Combate, Buyé and Joyuda in Cabo Rojo, Culebra, La Parguera and Patillas.

Squatter invasions create exclusion and pollution problems. Squatters, generally few in

numbers, exclude the general public from the spaces they occupy and affect adjacent areas
causing problems such as inadequate disposal of solid waste.

The squatter invasion problem along Puerto Rico’s coast has various origins. First of all, the
problem is not limited to public lands along the coast and it is an effect of the acute shortage

of attainable house on the Island. The problem is also caused by the desire of people with
more buying power to obtain a vacation residence. Ultimately, some people have the
perception that regulations can be adjusted for a particular interest through informal
mechanisms. Therefore, the problem of removing established squatters is extremely
complex and requires interagency coordination.

The conflict that the proliferation of illegal structures along Puerto Rico’s coast represents

has been difficult to resolve. This, along with the way these activities have affected the
people’s right to use and enjoy their beaches, was recognized by RPA and DNER in an
interagency agreement signed in 1984. Both agencies agreed to work together to dissuade
illegal structures in the Maritime Zone, territorial waters and submerged lands. The
agreement also included patrolling and enforcement of regulations on new projects along
the zone.

Even though squatter invasions are illegal, the removal of existing residences represents a
problem which needs to be handled very carefully.8¢ Some squatter communities have
existed for years and they expect to continue in existence. Removal becomes even more
difficult when many of these people do not have other means for housing (Beller et al,
1999).

The possession of public domain lands for periods longer than 30 years does not constitute
acquisition by extraordinary prescription. The slowness of the legal process to remove these
structures from beaches, estuaries, lagoons and wetlands throughout the Island has slowed
the rescue of public domain lands. (Beller et al,, 1999).

Responding to findings

1. Control future land invasions

DNER should establish a process to impede future development in the Maritime Zone,
without previous authorization or which have a potential to lead to a privatization or
destruction of these areas. For this purpose, it counts with the “Regulation for Use,
Surveillance, Conservation, and Management of the Territorial Waters, Submerged Lands
Thereunder and the Maritime Zone,” supra, which establishes the guidelines so
developments incompatible to Puerto Rico’s Maritime Zone or territorial waters do not
occurs.

86 Pyerto Rico Penal Code, Law No. 115 of 1974.
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2. Invasion or rescues by people who do not possess other housing

The “Law for Residences built on another’s land”, Law No. 132 of 1975, allows some
squatters to be granted a deed to the land they invaded. These deeds are only available to
those who built their residences prior to passage of the law and who do not have other
means for housing.

Despite the fact that the majority of Puerto Rico’s beaches (Maritime Zone) are of public
domain, they cannot be used by individuals in their private character. Therefore, the
granting of deeds of land is not possible in squatter invasions along the Maritime Zone.

In Culebra, squatters on land of public domain can be removed, but generally alternate
housing should be provided for those who have no other place to go. However, there is no
comparable statute which grants replacement housing for squatters removed from other
lands of public domains in other parts of Puerto Rico.

Need: Removal of existing squatter invasions

After Hurricane Hugo, a law was passed which allowed Maritime Zone squatters in Culebra
to reconstruct their residences until the DNER expropriate. Almost a decade later, after
Hurricane Georges, most of these residences were destroyed, causing a significant loss of
public funds invested in the reconstruction. This created an ideal opportunity to implement
a policy to prohibit reconstruction unless the squatters could prove ownership of the land
and the structure was their primary residence (Beller et al., 1999).

Need: A Housing Program for squatters.

In order to allow for the removal of squatters who do not have other means of housing, it is
necessary to actively promote the establishment of an ample program for the relocation of
existing squatter invasions by providing adequate housing in other locations.

3. Other invasions of coastal lands and waters

Providing housing for squatters, who do not own another property, although essential, does
not constitute an adequate government response to the problem created in the squatter
communities.

For example, in La Parguera Natural Reserve, there is a problem with residences built on
assets of maritime public domain, including boat houses whose legality and ownership have
been under dispute. In 1978, the Government of Puerto Rico and the USACE signed the
“Memorandum of Agreement of the La Parguera Recreational Area,” which includes a
commitment from both agencies to work in coordination toward the conservation and
optimum use of La Parguera’s natural environment. The Government of Puerto Rico made a
commitment to develop a recreational community for the use and enjoyment of all and to the
remove all abandoned, unstable or dangerous structures from the waters and wetlands in La
Parguera. Furthermore, there was a commitment in which Puerto Rico’s Government would,
in a period of 12 years since the signing of the agreement, remove all private holdings from
the lagoon embankment. For its part, USACE made a commitment to not grant permits for
residences or private piers to be built on navigable coastal waters in La Parguera or near the
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islets and cays after 1977. All permits granted by USACE to private owners of houses, piers
and other structures would be void after 1980 (DRNA, 1992).

Need: Sensitive regulation of established squatter communities

According to the dispositions included in "Regulation for Use, Surveillance, Conservation,
and Management of the Territorial Waters and Submerged Lands Thereunder and the
Maritime Zone", supra, the only uses for maritime assets of public domain are those
dependent on the water, therefore, residential use is not permitted. However, the regulation
establishes an exemption, due to consideration of social interest, for the use and enjoyment
of an existing structure of value no more than $30,000 which is also the occupant’s primary
residence, as long as said structure is not causing harm to the environment. In order for an
individual to be eligible for this exemption, they must show legal evidence proving they are
in the process of relocating their residence outside of maritime public domain assets. This
process was created in order to phase-out residences and eventually have these assets freed
of housing structures. However, in the majority of cases, this has not happened.

D. Protecting beaches against the shadows and visual domination of high-
rise buildings

Findings

High-rise buildings on shorefront property cast shadows on some beaches and dominate
them visually. In areas such as Condado, Isla Verde and the SJMA, tall buildings cast their

shadows over beaches preferred by sunbathers. During the winter tourist season, shadows
cover the beaches for most of the day, thus diminishing the beaches’ touristic value.

Future development need not to cast shadows on public beaches and other coastal areas. At
the winter solstice shadows in the north are at their longest between 10:00 a.m. and 4:00

p.m. This means shadows can be up to 2.9 times the height of the structure. If future
buildings are constructed further from the Maritime Zone, it would minimize the impact on
the recreational potential of the beach since they would not cast their shadow over public
areas on the Maritime Zone.8”

Visual domination by buildings can also be avoided. There is a subjective element to
determine if buildings visually dominate beaches. If structures exceed the height limit of a

person’s natural visual cone, then it is perceived as a reduction in space since the visual cone
has approximate 1:2.1 ratio. If future buildings, along with its grounds, are set-back from the
beach at a distance 2.5 times its height, its shadow will neither interfere nor cover the beach.

Public Policy

In the OPP-PRLUP, general public policy states the avoidance of “... the construction of
buildings in beach areas and discourage activities or land subdivisions in neighboring areas
which would ... prevent free access to and enjoyment of the sun by the citizenry.”

87 In some cases, a front or rear patio is necessary for other purposes, especially to protect buildings from waves
during storms. See section on Floods (including floods caused by hurricanes)
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Implementation of public policy

The "Zoning regulation for the Coastal Zone and Access to Beaches and Coasts in Puerto
Rico", supra, establishes as a requisite that “all buildings to be constructed, transferred or
expanded within a distance of 400 meters from the Maritime Zone, as determined by DNER,
will observe a minimum distance from the Maritime Zone measured horizontally from its
base or closest wall of 2.5 times its height” (Section 8.01).

E. Protecting and enlarging public beach holdings

Findings

The narrow strip of beach accessible to the public is often too small for optimum

recreational use. In rural beaches of scant use, recreational activities could be improved if
public access to areas beyond the line of vegetation can be secured. Furthermore, popular
beaches need more space for parking and basic infrastructure. However, there are narrow
accessible beaches which on many occasions are insufficient to satisfy these needs.

Responding to findings

Acquiring shorefront land and facilities at coastal developments

Developers have dedicated properties for the Government of Puerto Rico as compensation,
mitigation or as part of making a project viable for development. Developers have done this,
for example, when establishing coastal roads (i.e. Levittown). This donation of land can be
specifically earmarked for recreational uses (i.e. Parque Barbosa in Santurce; recreational
areas in the Vacia Talega project, were approved by PRPB in 1975).

Diverse mechanisms exist by which better coastal facilities can me provided:

The “Zoning regulation for the Coastal Zone and Access to Beaches and Coasts in Puerto
Rico”, supra, establishes that when a project requires the dedication of a certain quantity of
land for recreation, as part of the common use facilities, these are to be located in the area
contiguous to the 20 meters which constitute the separation zone. These facilities should be
in harmony with the use of the coast and beaches or the adjacent water body.

Chapter 13 of the “Law of Autonomous Municipalities”, supra, provides, through the
mechanism of dedication, the provision to a community of basic services for its development
and general wellbeing, which could come in sporting, cultural or recreational facilities,
among others.

By the same token, the “Subdivision and Urbanization Regulation,” supra, requires
developers to provide recreational facilities in new projects.

Need: Fitting the “Subdivision and Urbanization Regulation” for coastal cases.

Said Regulation provides an opportunity to require developers of projects contiguous to the
Maritime Zone to provide facilities for general public use close to their project.
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F. Providing services and facilities for beach users

Findings

Puerto Rico has 12 public beaches with complete facilities, which are the property of the

NPC. The minimum of facilities which are already in place are parking spaces, showers, rest
room and green areas. Other public beaches have lifeguards, concessions and areas for
handicapped, among others.

These public beaches (balnearios) are located in areas designated by the “Puerto Rico
Qualification Regulation”, supra, as Public Beaches (PP, by its Spanish acronym). Its purpose
is to designate coastal sectors appropriate for sea bathing, passive recreation or anything
related to this activity.

Puerto Rico has 52 PP districts distributed among 29 municipalities and includes 34 km of
the coast. Each area counts with diverse facilities and is administrated by one of the
following dependencies: DNER, NPC or municipal governments (DRNA, 2007a).

The coastal segments apt to be zoned as public beaches are determined by their
morphological characteristics, type of permitted activities and available facilities on each
beach (See Map 18).

These PP districts are distributed in the following manner:
e 16 public beaches in the North (13.3 km. of coast),
o 12 public beaches in the East (9 km. of coast),
o 11 public beaches in the South (4.9 km. of coast), and
o 13 public beaches in the West (7.2 km. of coast).

The areas reserved for swimmers are marked by buoys or other floating markers as are high
risk areas or areas for the protection of natural resources.

The installation of the buoys falls under the responsibility of DNER’s Commissioner for
Navigation as stated in the “Puerto Rico Navigation and Aquatic Safety Act,” supra.

However, many beaches exist in Puerto Rico, including some of popular use, which have little

or no services. There are vast areas of beach which are simply common properties accessible
to the general public, but have neither facilities nor services. These beaches are located in
both urban and rural areas.
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TABLE III-11. INVENTORY OF PUBLIC BEACHES DISTRICTS

Invetory of the Pu

g £
3 |5
Name Municipality Region Management . H ;,', g ; 3 § £
ol . AlEl: =83 I ¢
F§ssdfrizigrgre, . EZ%E T o
§ 55 $ 3 PSP igEiieysbgocdog 2 %
i 0 & 36 i ad 3 A& xz=zs>_Ed2Lad a5 L= &
1 Pefién Brusi Camuy North Municipal e o o o o o . . * 177
2 Muelle de Arecibo Arecibo North Municipal o o . . . . . . 293
3 Mar Chiquita Manati North Commonwealth . 249
4 Puerto Nuevo Vega Baja North Municipal D . . . o e e 642
5 Cerro Gordo Vega Alta North NPC e o e o o o o o . e o o o o 585
6 Balneario de Dorado Dorado North NPC * o o . . . o o 2,268
7 Punta Salinas Toa Baja North NPC e o o . e o o 1,481
8  El Escambrén San Juan North NPC D o« o . . o« o e o o . 282
9 Playa del Condado San Juan North NPC e o o o o . * 171
10 Laguna del Condado San Juan North Commonwealth LA . . . * 85
11 Ocean Park San Juan North Municipal e o o o o o o o . 1,988
12 Alambique San Juan North Municipal o o o o o e . . . . 1,604
13 Hilton Pine Grove, Casa Cuba Carolina North Municipal e o o . N . 625
14 Balneario de Carolina Carolina North Municipal e o o o o o . o o e o o o 2,006
15 Boca de Cangrejos Loiza North Municipal o e o e o . . 87
16 Vacia Talega Loiza North Commonwealth o o . . 758
17 La Monserrate Lugillo East NPC e o o o . N . . . e e e o o e 669
18 Playa Azul Lugillo East Municipal o« e e e . . ¢« o e o« o e o e . . 360
19 Seven Seas Fajardo East NPC e o o . . N e o o o o o 545
20 Cayo Obispo (Isleta Marina) Fajardo East Private o . . DRI . . . 127
21 Cayo Palomino Fajardo East Private . . . o . . 203
22 Cayo lcacos Fajardo East Commonwealth . . . DY 214
23 Flamenco Culebra East Municipal . . . DY . . . . o o o 1,347
24 Sun Bay Vieques East NPC o . . . . . o . . 1,334
25 Media Luna Vieques East Commonwealth LA . 434
26 Hicares Naguabo East Commonwealth 349
27 Tropical Beach Naguabo East Commonwealth . . . 403
28 Punta Santiago Humacao East NPC . . . . D D ) 2,033
29 Guayanés Yabucoa South Municipal . . o . o 493
30 Lucia Yabucoa South Municipal . o o o o * 690
31 Balneario de Patillas Patillas South Municipal e o o o o e . o o 478
32 Punta Guilarte Arroyo South NPC D o« o . . o . . o o e e 1871
33 Balneario de Salinas Salinas South Municipal o o o o o * 174
34 Jauca Santa Isabel South Commonwealth . . . 89
35 Playa de Ponce Ponce South Commonwealth . . . o o o o . 208
36 Caja de Muertos Ponce South Municipal o . . DY . 100
37 Caiia Gorda Guénica South NPC o o o e o o 341
38 Playa Santa Guénica South Commonwealth o o . . DY o« . . . . o . o 438
39 Playa Rosada Lajas South Commonwealth . . e o o o o4
40 Bahia Salinas Cabo Rojo West Commonwealth ° o o I I 1,022
41 Combate Cabo Rojo West Commonwealth ¢ o o . 622
42 Moja Cazabe Cabo Rojo West Commonwealth . I I . 256
43 Balneario de Boquerén Cabo Rojo West NPC ¢ e e e e LI I R L 1,390
44 Buyé Cabo Rojo West Commonwealth o . . . 708
45 Villa La Mela Cabo Rojo West Commonwealth ¢ o o . ¢ o o o o . . 818
46 Cayo Ratones Cabo Rojo West Commonwealth . o o . . . . 254
47 Balneario de Afiasco Afasco West NPC ¢ o o o . . . e o o o e 703
48  Almirante Afasco West Commonwealth . . . 250
49 Balneario de Rincén Rincén West Municipal o o ¢ o o o o e o o 129
50 Pico de Piedra Aguada West Municipal o« e o o . . o e e . 319
51 Parque Colén Aguadilla West Municipal o . . . 299
52 Crash Boat Aguadilla West Commonwealth o o o LA . e o o * 474
Total 34,486
Source: DRNA. (2007, draft). Inventario de dreas para baiiistas.
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The Interagency Board for the Management of Beaches in Puerto Rico runs the Program for
the Promotion, Protection and Conservation of the Beaches of Puerto Rico Aspiring to the Blue
Flag.88 The Blue Flag campaign is an international initiative by Foundation for Environmental
Education which provides a certification to beaches which comply with established safety,
services and water quality criteria established by the Foundation. The Foundation also seeks
to establish environmental committees on the beaches to include recycling and planning
programs as well as monitoring of nesting areas of species, if they exist.89 The Blue Flag
designation indicates that these beaches have the necessary infrastructure for users (rest
rooms, showers, etc.) and are spaces in which environmental education is promoted.

In Puerto Rico, the following public beaches, belonging to the NPC, are certified by the Blue
Flag Program®°

e El Escambron in San Juan

o LaMonserrate in Luquillo

o Punta Salinas in Toa Baja

o Seven Seas in Fajardo

o Balneario de Isla Verde in Carolina

It is neither feasible nor desirable to provide a full range of recreational services and

facilities at all beach areas accessible to the public. The cost of providing services and

facilities to all the beaches would be prohibitive.?? Many people enjoy (and some even
prefer) beaches without facilities. Therefore, it is essential to establish priorities to decide in
which beaches facilities and services would be provided.

In 2002, the NPC did a study known as Preliminary Analysis of the Operation of Beaches in
Puerto Rico. For this study, 54 beaches classified as accessible and swimmable were selected
with the purpose of evaluating current operations and make recommendations for
improvements in management and operation. Among the findings of this analysis was the
need to provide minimal facilities and services in the evaluated beaches. Among those
minimal services needed were: surveillance, lifeguards and janitors to tend to showers,
bathrooms and offices. Among the basic facilities needed were: buoys, trash cans and
signage.

Early attention needs to be given to the problem of beach litter. This is a problem which
detracts the enjoyment of many beaches, particularly those of intense use. However, the
problem is seen even in less used beaches, since litter is tossed into the waters or carried-out
by the flow of rivers from the interior of the Island.

88 Created for the “Law to Establish the Program for the Promotion, Protection and Conservation of Puerto Rico’s
Beaches which Aspire to the Blue Flag”, Law No. 173 of 2000.

89 Blue Flag: Caribbean Beach Criteria: Recovered online October 12, 2004
http://www.blueflag.org/Caribbean_criteria.asp].

9 Taken for the organization’s web page: http: //www.blueflag.org.

91 La extension of installations and services could, aside from costs, submit the government to additional
responsibilities and thus, costs for personal damages for beach users. The legal aspects, among others, need to be
explored.
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Aside from the solid waste disposal, the proliferation of dumped material and abandoned
structures has become a problem.

Erosion has caused significant changes to some parts of the coast, forcing owners of affected
or threatened structures to take measures - among which is the construction of containment
walls - to protect their property. While erosion has been advancing, protection mechanisms
in place have lost their effectiveness and some of these structures have been abandoned.
This situation created a problem affecting citizens’ enjoyment due to the loss of coastline and
the occupation of space by trash or dumped materials.

Responding to findings

1. Establishing clear responsibility for beach cleaning

The shared responsibility between different agencies is one of the principal obstacles for the
cleaning of the beaches. DNER’s Organic Law delegated on this agency the responsibility for
the conservation, cleaning and maintenance of the Maritime Zone, whose operational
aspects are stated in "Regulation for Use, Surveillance, Conservation, and Management of the
Territorial Waters and Submerged Lands and the Maritime Zone", supra. For the cleaning of
beaches, DNER counts with the routine work of beaches brigades.

DNER also counts with the “Adopt a Beach” program, created by the “Adopt a Beach Program
Law,” Law No. 250 of 1999. The purpose of this Program is to integrate non-government
organizations (NGO) and the municipalities into programs for cleaning and beautifying
beaches. The Program counts with a “Regulation to Implement the Adopt a Beach Program,”
Regulation No. 6767, which contains the public policy for beautification, maintenance and
restoration of beaches and the administrative processes which regulate activities promoted
under this program (DRNA, 2001b).

The topic of solid waste management in beaches is also contemplated in the “Zoning
regulation for the Coastal Zone and Access to Beaches and Coasts in Puerto Rico,” supra. This
Regulation establishes that any person who deposits trash on Puerto Rico’s coasts or
beaches will have incurred in a violation, which is considered a misdemeanor criminal
offense.?2

The responsibility of cleaning the beaches is
shared with the NPC, which is responsible for
cleaning public beaches under its jurisdiction.
Meanwhile, the Puerto Rico Tourism Company
(PRTC) has a brigade in-charge of cleaning the
beaches from El Escambrén to the area behind
the Isla Verde Cemetery (Arce, 2004; personal
communication).

It should be noted that NGOs, community

Citizens collaborating on beach cleaning
Picture by: CPN.

92 All persons accused of a misdemeanor will be levied a fine no greater than $500 or incarceration for a term no
longer than six months, or both, at the discretion of the Court.
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organizations, private businesses and individuals have supported beach-cleaning efforts by
organizing efforts to clean beaches and other bodies of water year round.

One of the most significant efforts is the “International Coastal Cleanup”, an international
initiative headed by the Ocean Conservancy organization and locally coordinated by Scuba
Dogs. This massive cleaning effort, aside from removing trash from Puerto Rico’s coasts,
compiles information regarding the kind of trash to identify its sources. It also incorporates
educational aspects to the beach-cleaning efforts.

2. Providing adequate funds for beach cleaning manpower and
equipment

DNER'’s fiscal problems have kept it from complying with its duties of cleaning and
maintaining Puerto Rico’s beaches. Its seven regional offices have the responsibility of
maintaining 138 beaches throughout the island and they often lack the equipment needed to
perform their duties.

Need: Equipment and personnel to clean beaches

The Legislature and the Office of Management and Budget (OMB) should assign additional
funds for the cleaning of beaches and hire additional personnel to operate them.

3. Promote the reduction of solid waste generation on the beaches and
provide opportunities to develop recycling programs

Solid waste cannot be collected frequently in all the beaches, especially those which are in
remote areas and whose topography and/or vegetation impede the use of machinery for this
purpose. Furthermore, the disposition of solid wastes in Puerto Rico is a problem that is
progressively getting more complex; therefore, it is essential to take measures to reduce the
amount of solid waste being generated. These measures should include:

o Awareness: There should be a continuing, public and massive education
campaign.

» Assistance: More trash cans should be placed in beaches to optimize trash pick-up.

o Monitoring compliance: Ensure coastal installations are complying with the
dispositions of the “Regulation for the Management of Non-Hazardous Solid
Waste” approved by the EQB, Regulation No. 5717.

« Incentives: Recycling should be promoted through clearly identifiable depositing
areas.

Need: Promotion of adequate management of solid and marine waste

A large portion of the solid waste found on the coast is dragged by rivers and streams from
Island’s interior. Therefore, it is necessary to promote adequate management of solid waste
in the interior and make people aware of the impact this has on coastal sectors.

Puerto Rico Coastal Zone Management Program Page | 148
Revision and update



4. Observe the regulatory set-backs from the coast

Observing regulatory set-backs between structures and Maritime Zone have the benefit of
protecting residences and new installations. This way, their potential conversion into
dumping sites or abandoned structures is avoided.

3.2.6 WILDLIFE

Findings

Due to its island characteristics, Puerto Rico has less biodiversity than other continental

countries. Still, Puerto Rico has a great variety of endemic species. According to the “Puerto
Rico Comprehensive Wildlife Conservation Strategy” a document published in 2005, some
5,847 species of native wildlife has been identified. Of these, 51 are reptiles (Rivero, 1998),
18 are amphibians (Rivero, 1998), 5,573 are insects (Torres & Medina-Gaud, 1998), 190 are
birds (Raffaele, 1989) and 15 are mammals (Garcia, Burgos, Ventosa & Lépez, 2005).

The federal list of endangered species maintained by the USFWS, under dispositions of the

ESA, includes species and subspecies endangered or threatened in Puerto Rico. In Puerto
Rico, there are 61 species currently on the federal list of endangered species of which five

are mammals, two are amphibians, eight are birds, 10 are reptiles and 36 are plants. The
inclusion and removal of species and subspecies from the federal list is a continuous process.
The local species and subspecies included in the list as of May 2000 are indicated in Table
[1-12.

DNER maintains a list of species protected under the “New Wildlife Law of Puerto Rico”,
supra. The list of species in need of protection and recuperation is part of the “Regulation on

vulnerable and endangered species in the Commonwealth of Puerto Rico,” Regulation No.
6766. This list includes 132 species of which eight are mammals, eight are amphibians, 27
are birds, 17 are reptiles, 20 are invertebrates, four are fish and 48 are plants.

Of the vulnerable species included in the local list, 30 species and two subspecies are
endemic to Puerto Rico.??

93Information obtained from the “Regulation on vulnerable and endangered species in the Commonwealth of Puerto
Rico”
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TABLE III-12. SPECIES IN PUERTO RICO PROTECTED BY THE ESA

Species in Puerto Rico protected by the Endangered Species Act (ESA)

Common Name Scientific Name

Species Endemic to Puerto Rico

1. Yellow -shoulder Black Bird (mariquita) Angelaius xanthomus

2. Puerto Rican Parrot (cotorra puertorriqueria ) Amazona vittata vittata

3. Puero Rican Nightjar (guabairo ) Caprimulgus noctitherus

4. Puerto Rican Boa (boa puertorriquefia ) Epicrates inornatus

5. Monito Gecko (salamanquita de Monito ) Sphaerodactylus micropithecus

6. Puerto Rican Sharp-shinned (falcdn de sierra) Accipiter striatus venator
Non-endemic Species

1. Puerto Rican Plain Pigeon (paloma sabanera) Columba inornata wetmorei

2. Hawkbill Turtle (carey de concha) Eretmochelys imbricata

3. West Indian Manatee (manati antillano ) Trichechus manatus manatus

4. Latherback Turtle (tinglar ) Dermochelys coriacea

5. Brown Pelican or Alcatraz (pelicano pardo ) Pelecanaus o. occidentalis

6. Humpback Whale (ballena jorobada ) Megaptera novaeangliae

7. Sei Whale (ballena sei) Balaenoptera borealis

8. Fin Whale (ballena de aleta ) Balaenoptera physalus

9. Sperm Whale (cachalote ) Physeter macrocephalus

10. Broad-winged Hawk (guaraguao de bosque ) Buteo platypterus brunnescens

11. White-neck crow(cuervo pescueciblanco )] Corvus leucognaphalus

Endangered Species

1. Golden Coqui (coqui dorado ) Eleutherodactylus jasperi

2. Cook's Robber Frog or Rock Coqui (coqui guajén) Eleutherodactylus cooki

3. Puerto Rican Crested Toad (sapo concho de Puerto Rico) Peltophryne lemur

4. Green Sea Turtle (peje blanco) Chelonia mydas

5. Loggerhead Sea Turtoise (cabezén o caguama) Caretta caretta

6. Mona Island Ground Iguana (iguana de Mona) Cyclura cornuta stejnegeri

7. Mona Island Boa (boa de Mona) Epicrates monensis monensis

8. Roseate Tern (palometa) Sterna d. dougallii

9. Piping Plover (playero melédico ) Charadrius melodus
Species that inhabited Puerto Rico and are thought to have disappeared

1. Culebra Island Giant Anole (lagartijo gigante de Culebra) Anolis roosevelti

2. Puertorican Iguana (iguana de Puerto Rico) Cyclura pinguis

3. Baboya de Etheridge (baboya de Etheridge ) Leocephelus etheridgei

4. Puertorican Baboya (baboya de Puerto Rico ) Leocephelus partitus

5. Mond's Terrestrial Turtle (tortuga terrestre de Mona ) Monachelys monensis

Source: USFWS.

11 Enlisted as extinct on the Fishing and Wildlife Conservation Service's Endangered Species List of May, 2002.

All wildlife, including all species whether endangered or not, represent a significant natural
resource. The “New Wildlife Law of Puerto Rico”, supra, recognizes the importance wildlife

has for Puerto Rico, reason why it declares that “it is the public policy of the Government of
Puerto Rico to protect wildlife and particular natural habitat of all species.”

Although the decline of wildlife in Puerto Rico may be attributed to several causes, habitat
destruction is the most important. The conversion of forest areas has had adverse effects on
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birds and land vertebrates. The loss of habitats or their fragmentation has increased the
threat against plants and animals in weather events such as hurricanes and storms. Also, the
reduction of wetlands has resulted in a fragmentation of what at one point was an extensive
and continuous coastal corridor (Garcia, Burgos, Ventosa & Ldpez, 2005). Currently, the
majority of remaining wetlands serve as a habitat to many aquatic bird species. However, the
occupation of these areas by invasive species, such as the Typha dominguensis, could limit
access for these aquatic birds for feeding and nesting (Weller & Fredrickson, 1974 and
Kaminski et al., 1985, in Garcia, 2005). Also, activities such as the dredging of the marshlands
in the Lajas Valley, for example, damaged the rich aquatic environment sustaining wild birds’
populations.

The degradation of different habitats, along with the colonization by invasive species, could
threaten remaining natural areas which in some way serve existing wildlife. This is
significant considering the fact that 86% of Puerto Rico’s land is under private ownership.

The introduction of exotic species constitutes another threat for wildlife. Exotic species
causes the loss of native species, changes the structure and function of local ecosystems and
alters the physical structure of the system (Money & Drake, 1986, Drake et al., 1989 in
Garcia, 2005).

Other threats against wildlife include overfishing, illegal or clandestine hunting and the use
of chemicals. These activities occur both in the coastal zone and on the rest of the Island.

Public policy

In the OPP-PRLUP, the general public policy is established as “avoid activities that would
cause the degradation or destruction of natural systems which are critical to the
preservation of the environment, such as ... habitats for endangered species.” (See public
policy 30.03.)

Implementing the Policy

A. Protecting habitat against disruption

1. Public ownership and custody

In the “Regulation on the conservation and management of wildlife, exotic species and
hunting in the Commonwealth of Puerto Rico,” Regulation No. 6765, DNER presents a list of
areas under its jurisdiction which are protected and considers being natural wildlife refuges.

The USFWS manages five National Wildlife Refuges (NWR) in Puerto Rico: the Cabo Rojo
NWR (743 ha) that includes the Cabo Rojo Salt Flats (Salinas de Cabo Rojo), the Culebra NWR
(4,181 ha), the Desecheo NWR (146 ha), the Laguna Cartagena NWR (428.6 ha), the Vieques
NWR (7,152 ha) and portions of the La Fortuna salt marshes in Lajas.

There are other protected natural areas, among which are those lands owned by the PRCT
providing protection and serving as wildlife habitat.

While high costs may hamper the acquisition of private lands, the current legal framework
allows for its protected. However, it could be possible to transfer to the DNER the custody of
publicly-owned coastal lands deemed of importance to existing wildlife.
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2. Management and protection

Wildlife in Puerto Rico is protected by federal and commonwealth laws. At the local level,
DNER is the only agency with jurisdiction over matters related to wildlife through the
implementation of commonwealth laws and regulations. Among those laws and regulations
is “New Wildlife Law of Puerto Rico”, supra which has the purpose of protecting, conserving
and promoting the survival of species, both native and migratory; declares that all species
under its jurisdiction are property of Puerto Rico; regulate hunting and establishes
parameters for the introduction of exotic species; among other matters.

Under the framework provided by this law, the types of habitats and their value for wildlife
is evaluate to determine the required level of protection. In cases were high value is
determined and endangered or threatened species are present, proceeds to designate the
area as a critical or essential habitat for the conservation of the area and to make viable the
recovery of the species.

Other statutes available to DNER for protection of wildlife are: the “Department of Natural
and Environmental Resources Rangers Corp Act”, supra; the “Puerto Rico Fisheries Act”, Law
No. 278 of 1998, as amended; the “Regulation on Puerto Rico Fisheries of 2004”, supra; the
“Regulation on the conservation and management of wildlife, exotic species and hunting in
the Commonwealth of Puerto Rico”, supra; the “Regulation on vulnerable and endangered
species in the Commonwealth of Puerto Rico”, supra and the "Regulation for Use,
Surveillance, Conservation, and Management of the Territorial Waters and Submerged Lands
Thereunder and the Maritime Zone", supra.

Through the “Puerto Rico Natural Heritage Program Act,” supra, the DNER identifies priority
conservation areas containing recognized critical biotic elements®* and prepares plans for
land acquisition and protection. The Law establishes the creation of a fund to be used for
land acquisition and nourished by legislative assignments or any other sources as disposed
by law or regulation, as well as funds received from private donations. Likewise, for the
acquisition, conservation and maintenance of lands deemed to have a high ecological value,
the “Fund for Acquisition and Conservation of Land in Puerto Rico Act”, Law No. 268 of 2003,
was approved. This fund is nourished by 50% of the surplus of the Used Oil Management
Fund, federal assignments and donations.

At federal level, NOAA and USFWS count with various programs geared toward the
protection of wildlife and manage a series of federal statutes, among which are: the ESA%,
the “Marine Protection, Research and Sanctuaries Act” of 19729; the “Marine Mammal
Protection Act” of 197297 and the “Fish and Wildlife Conservation Act” of 198098,

94 Critical elements are those species of flora and fauna whose risk of extinction is high, very high or extremely high
in the wildlife, reason for which special protection and conservation efforts are needed. These are recognized as
species of singular value due to one or various of the following attributes validated by the scientific community:
patrimonial value in Puerto Rico, its sporadic disappearance due to exploitation of the species or its habitat, rarely
or its legal designation as vulnerable or endangered by the ESA.

9516 U.S.C.A. §§ 1531-1544
933 U.S.C.A. §§ 1401-1445
9716 U.S.C.A. §§ 1361-1407
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Through the implementation of the ESA, a cooperative program between DNER and USFWS
was established in Puerto Rico. Federal funds assigned to this program are used for the
protection of habitats, the establishment of programs geared toward the recovery of species,
land acquisition, management, patrol, research and public awareness.??

Need: Develop strategies to optimize sustainable management of Natural Reserves so they
incorporate the protection, knowledge and enjoyment of wildlife.

Designated Natural Reserves serve as habitat for a large number of wildlife species.
However, the lack of adequate funding and human resources makes their management
difficult. Options exist to tend to this situation, among which are joint management efforts,
and ecotourism, among others.

3. Development Controls

The PRPB’s public policy against the disruption of the habitats of endangered species is to be
applied, to public as well as private property via the development control system described
in Chapter 4, as well as in evaluating applications for Federal and Commonwealth permits.

It is impractical to identify in advance every site to which this policy applies. For this reason,
it is essential that evaluations are made on a case-by-case basis regarding the impact on
wildlife of proposed developments.

Another protection mechanism is found in the ESA, which requires federal agencies to
ensure that authorized activities, funded or subsidized by these agencies, do not degrade the
habitats of threatened or endangered species or cause the destruction of these critical
habitats. For some species included in the list, formal procedures have been established to
designate a specific geographical area considered critical for the survival of said species.

4. Zoning

“The Puerto Rico Qualification Regulation”, supra, contains zoning districts which allow for
the protection of lands requiring resource conservation, among which wildlife resources are
included.

B. Protecting wildlife against illegal or clandestine hunting

1. Regulation

In Puerto Rico, game hunting is regulated by laws and regulations enforced by the DNER.

The “Regulation on the conservation and management of wildlife, exotic species and hunting
in the Commonwealth of Puerto Rico,” supra, has among its purposes the rigorous regulation
of the granting of hunting licenses, registration of weapons as well as the revocation and
suspension of these permits for violations of the “New Wildlife Law of Puerto Rico”, supra, or
any other statute. The Regulation establishes areas where hunting is permitted among which

9% 16 U.S.C.A. §§ 2901-92911
99 Information obtained from www.drnapr.net.
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are the Boquerdon and Humacao’s wildlife reserves, and determines which species are
subject to hunting.

DNER created the Hunters Education Program as a measure improve hunting practices in
Puerto Rico and create better awareness among sportsmen regarding this topic.

2. Enforcement of regulations

DNER’s Bureau on Fishing and Wildlife has the responsibility of enforcing all related
regulations. For its part, the Rangers Corp has jurisdiction over enforcement of laws and
regulations regarding conservation and development of natural resources.

At the federal level, the USFWS has an Office of Compliance, located in the municipality of
Guaynabo. Other offices, such as Boquerén and Rio Grande, are dedicated to activities
regarding protection and recovery of endangered species and wildlife.

Need: Strengthen the enforcement of laws and regulations geared toward the protection of
wildlife.

The Government of Puerto Rico should consolidate efforts to enforce laws and regulations
geared toward the protection of wildlife in Puerto Rico. For this purpose, it will need to
assign more resources to recruit more agents for the Rangers Corp, train and equip them
with the necessary materials so that they can perform their duties.

3.2.7 COASTAL WATERS

Findings

Puerto Rico’s coastal waters are a resource of incalculable importance. They are essential for

the transportation of goods to and from the island, constitute an important resource for
recreation and tourism, support resources with economic potential such as fishing, is the
habitat for the reproduction of species of high

ecologic and economic value and help form coastal Puerto Rico’s coastal waters

resources such as dunes, beaches, reefs and
e Coastal waters- 885 km

mangroves, among other wetland areas.
8 ! 8 o Estuaries- 1,556 hectares

e Lagoons-1,930 hectares

Coastal waters include rivers, swamps, fresh water

., e Salt wat tlands - 9,296 hect
lagoons, salt water bays and the sea. Puerto Rico’s @it water wetlanas ectares

. . e Fresh water wetlands -32,010 hectares
coastal waters cover a territory of approximately

885 km (549.9 miles) (EQB, 2006). There are 224
rivers and 553 ravines, many of which are tributaries

e 55rivers

of one another. Of these, 55 rivers discharge their waters to see (DNER, 2008). There are also
some 1,556 ha in estuaries and 20 lagoons which cover another 1,930 ha. Some 9,296 ha are
covered by salt water wetlands while another 32,010 ha are covered by fresh water
wetlands (EQB, 2006).

Among the most relevant fresh water bodies are: Laguna Tortuguero, Cafio Tiburones and the
Pterocarpus swamps. Salt water lagoons include: Laguna Torrecillas, Laguna de Pifiones,
Laguna Grande, Laguna Aguas Prietas and Laguna Joyuda. Bays located in the North coast
include: Bahia de San Juan, Ensenada Boca Vieja, Ensenada Comezon and Bahia Las Cabezas.
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Other important commercial bays include: Jobos, Guanica and Guayanilla, among others.
There are also various bioluminescent bays in the South and Northeast sectors as well as in
Vieques.

To assure that coastal waters keep serving their varied essential functions, it is necessary to
identify and stop their sources of contamination. The EQB has classified sources of coastal
pollution as either point or non-point sources of pollution. Some point sources of pollution

are industrial and municipal discharges and underwater offshore discharge pipes from
water treatment plants. Non-point sources of pollution come from five main areas:
agricultural areas, urbanization, marinas, hydromodifications and mining.

The main coastal water pollution problems are discussed in the following sections:
A. Reduction of pollution caused by municipal and industrial discharges;
B. Reduction and prevention of damages caused by fuel spills;

C. Reduction of non-point sources of pollution, mainly contamination sources associated
with soil erosion and sedimentation of water bodies.

D. Reduction of environmental damages caused by dredging and filling.
E. Reduction of environmental damages caused by abandoned vessels in coastal waters.

A. Reducing pollution from municipal and industrial waste discharges

Findings

In Puerto Rico, approximately 20% of the coastal waters comply with quality standards of

use for which they were designated, among which are directed or indirect contact and
sustaining marine life.100

The most recent report (2006), highlights that out of a total of 549.9 miles of coast, 109.8
(20%) complied with their designated use (Category 1). In another 30.4 miles (5.5%), at
least one of the water quality standards was not met, reason why it was considered
necessary to develop measures known as Total Maximum Daily Load (TMDL).101

100 This data is published every two years in the “Puerto Rico 305(b)/303(d) Integrated Report” in which the EQB,
in compliance with Section 305 (b) of the CWA evaluates the quality of diverse water resources in Puerto Rico with
the purpose of determining if they comply with water quality standards.

101 TMDL is a calculation of the maximum amount of a single pollutant a water body can receive and still comply
with water quality standards and location of polluting source. A TMDL is the sum of all quantities of a single
contaminant from a point and non-point source of contamination. The calculation should include a safety margin to
insure that the water body can be used for the designated purpose under the Regulation on Water Quality Standards
by the EQB.
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TABLE I11-13. COASTAL WATERS CONDITION

Condition of coastal waters

Miles % Description

Category 1 109.8 20.0 Waters that meet the standards for all designated uses
6%

Category 2 1942 35.3 Wq-te-rs that meet some.of the st.andards, but there is not
sufficient data to determine compliance for all uses.

Waters for which the information available is not sufficient
Category 3 215.5 39.2 . . . .
to determine compliance with any of the designated uses.

Evaluation units where, at least, one of water quality
Category 5 30.4 5.5 standards is not fully met and is considered necessary to
develop a TMDL for all parameters.

Total 549.9 100
Source: JCA. (2007). Water Quality Assessment and List of Impaired Waters 2006 303(d)/305(b) Infegrated Report.

Many bays and estuaries monitored do not comply with water quality standings for their

designated use. Some 1,876.6 ha and 207 km (128.9 miles) of water currents which
comprise the estuaries were monitored. Of these, 66% (1,238 ha) did not comply with at
least one of their designated uses. Meanwhile, 84% (108.6 km) of the water currents did not
comply with their designated use.

In the specific case of the SJBE192, none of the 970 ha, or the 103.8 miles of water area which
comprise it, complied with quality standards to support their designated use. This area has
experienced the impact of inadequate land use, particularly due to the location of human
settlement combined with illegal discharge pipes, water waste and used water discharges.

The S]JBE is part of the EPA’s National Estuary Program sponsored under the CWA. Said
Program later served as the foundation of the “Estuary Restoration Act” of 2000, which seeks
to promote the restoration of estuarine habitats, develop strategies to establish and
maintain communication between federal agencies and the private sector, provide federal
aid for promotion and financing of projects, among others.

Municipal waste discharges are a major source of pollution. The Puerto Rico Aqueducts and

Sewers Authority (PRASA) operates 60 water treatment plants which serve approximately
55% of the population located in Puerto Rico’s urban areas. Of these, six plants (Arecibo,
Bayamén/Puerto Nuevo, Carolina, Ponce and Aguadilla) provide primary treatment to water
and discharge directly to the sea.193 For the 2004-2005 period, the EPA certified that these
plants complied with requirements for operation and validated their discharge permits
(EQB, 2006).

102The SJBE includes a complex combination of lagoons (San José, Torrecillas and Pifiones), two rivers (Rio Piedras y
Rio Puerto Nuevo), San Juan Bay and various bodies of water and canals, including Cafio Martin Pefia.

103]n the year 2000, the Government of Puerto Rico signed an agreement with the EPA under Section 301(h) of the
CWA which exempted the water treatment plants in Bayamoén, Carolina, Aguadilla, Arecibo and Puerto Nuevo from
having to provide secondary treatment for used waters until 2020 (EPA, 2003). In return, said section of the CWA
allows these five plants to offer a primary depuration process for used waters.
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Primary plants are limited to the separation of solids and chlorine treatment to Kkill bacteria.
Once treated, these waters are discharged to sea, assuming they would be diluted within an
area known as the mixing zone.1% However, these areas are typically close to the coast and
bathers areas (i.e. Vacia Talega) and the chlorine used in the treatment processes and the
contaminants prevailing in these waters (metals and nutrients) constitute a threat to users,
coral communities and marine life.

Another 52 plants provide secondary treatment to residual waters. As of 2005, 95% of these
complied with requisites established by the EPA and the EQB regarding discharges to the
Island’s water bodies. Another three plants in the municipalities of Caguas, Aibonito and
Fajardo provide tertiary treatment to residual waters.

Nonetheless, in most of Puerto Rico’s rural areas individual, commercial and industrial septic
tanks discharge into soil. The EQB’s 2006 “Report on the State and Condition of Puerto Rico’s
Environment” estimated there are more than 2,500 structures operating septic tanks to
dispose of used waters and/or processed commercial or industrial waste. In Puerto Rico,
inadequate septic tank management has the potential to affect the quality of water bodies
due to the topography, the proximity of housing to water bodies (which are abundant), as
well as the geology and soil composition.

Industries (including plants for generation of energy) are also principal dischargers. In

Puerto Rico, 73 industries count with the “National Pollutant Discharge Elimination System”
(NPDES) permits. This permit is administered by the EQB as disposed by Section 402 of the
CWA, which authorizes point source discharges into coastal waters. The NPDES Program
also regulates, through permits, rain water discharges coming from industries and
municipalities, better known as run-off or pluvial water.

By the same token, discharges of thermal waters coming from Puerto Rico’s thermoelectric
complexes (Puerto Nuevo and Palo Seco) in the SJMA, and Guayanilla and Aguirre in the
South, are potential polluting sources for coastal waters and marine life.

Public Policy

All liquid waste discharges must comply with Federal and Commonwealth regulations.
Federal and Commonwealth water quality standards, as wells as all regulations and
programs to achieve them, are incorporated into the PRCZMP.

Implementing the Policy

The EQB, which has principal responsibility within the Commonwealth government for
implementing this policy locally, works in coordination with the following Commonwealth
and Federal agencies:

104 Mixing zones are discharge areas for water treatment plants as defined by the EQB. Water quality standards for
these areas are measures along the borders while in their interior, high concentrations of pollutants can be found.
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TABLE I11-14. AGENCIES COLLABORATING WITH THE EQB

Agencies that colluborate with the EQB in the compliance with the water quality standards

Agency Responsibility

Puerto Rico Aqueducts and Sewers Authority (PRASA)  In charge of installing and maintaining residual water processing plants

LA

L o o

Autoridad de Acueductos.
v Alcantarillados

Puerto Rico Infrastructure Financing Authority (PRIFA) In charge of developing and improving the residual water processing
systems' infrastructure

G
Puerto Rico Planning Board (PRPB) Approves the location for processing plants and sewer lines.
Environmental Protection Agency (EPA) Federal agency that administers the potable water programs, NPDES

permits for municipal and industrial discharges, funds for infrastructure
developments, non-point sources of pollution, control over underground
weiter pollution, control of underground injections, pesticides, mcrine
protection and wetlands.

For its part, DNER is the agency assigned to plan and regulate the use and enjoyment,
conservation and development of Puerto Rico’s water and to implement public policy and
norms associated with this resource in conformity with the “Puerto Rico’s Waters Act,” Law
No. 136 of 1979. Following the dispositions under this statute, the “Integrated Water
Resources Management Plan” (IWRMP) (Plan de Aguas) was adopted in April 2008.

The IWRMP purpose is to identify current use of Puerto Rico’s water bodies and project
future use. The Plan also establishes public policies as well as measures which will guide
future management of this resource in Puerto Rico.

Establishing water quality standards and discharge limitation

The EQB is the Puerto Rico’s Government agency with the legal responsibility to oversee that
all water bodies maintain the quality needed to comply with their designated uses, which
are: primary contact recreation, secondary contact recreation, aquatic life and source of
potable water. For this purpose, the “Puerto Rico Water Quality Standards Regulation”
(PRWQSR), Regulation No. 6616, was adopted and establishes water quality standards for
the five categories comprising waters in the coastal zone:
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TABLE II1I-15. EQB WATER QUALITY STANDARDS

EQB Water Quality Standards

Highest level. Includes bioluminescent lagoons and bays such as La Parguera and Monsio José in the south coast, Bahia Mosquitos
in Vieques and any other coastal or estuarine waters of exceptional quality or major ecological or recreational value that can

Class SA
be destined by the EQB for this classification. This also applies to the waters 500 meters offshore of the physical and
geographical limits of water bodies under this classification.
Applies to the coastal waters dedicated to direct use, such as swimming. Includes lagoons not classified under other class. This
classification extends from the maritime zone (average sea level) until 500 meters offshore of this zone. Outside of this zone, it
Class SB will be rule by the next less restrictive classification until @ maximum of 10.3 nm offshore.
This class includes, also, those areas where seafood grows. To this classification applies the current standards established by the
Department of Health and Human Services and the ones by the PRDPH. This classification will be extended 100 meters outside of
the physical and geographical limits defining the growth areas.
Applies to coastal waters dedicated to indirect uses, such as fishing or boat trips. Most of the ports are under this classification.
The classification of these waters will be applied from the maritime zone (average sea level) until 10.35 nm offshore. Some
areas with this classification are:
Class SC Mayagiiez Bay- From Punta Guangjibo to Punta Algarrobo
Port of Yabucoa
Guayanilla and Tallaboa's bays - From Cayo Parguera to Punta Verraco
Port of Ponce - From Punta Carenero to Punta Cuchara
Port of San Juan - From the river mouth of Rio Bayamén to Punta El Morro
a D Applies to superficial waters used as source of natural water for public supply and the propagation and preservation of certain
ass
species.
a SE Superficial water bodies of exceptional ecological values as designated by the EQB, among there are Laguna Tortuguero,
ass

Laguna Cartagena and any other designated water body

Source: JCA. (1990). Reglamento de Estdndares de Calidad de Agua de Puerto Rico.
The EQB’s water quality standards also include the following anti-degrading policy:

"It is the policy of the Government of Puerto Rico to conserve and protect current
uses of Puerto Rico’s water bodies. The water quality necessary for those uses will
be protected and conserved. In those water bodies where water quality is beyond
recommended levels to sustain the propagation of fish, wildlife and recreation
above or below the surface, those levels will be conserved and protected. Inferior
water quality could be permitted if the EQB determines, after satisfying all the
public participation and governmental coordination requirements under the EQB’s
Process for Constant Planning, that it is necessary to permit said water quality in
order to make a social or economic development viable for the area where the
waters are located. In order to permit said inferior water quality, the EQB will
require an adequate level of water quality in order to protect current use.
Furthermore, the EQB will require that: (1) in all sources, new and existent, all
statutory and regulated requirements are achieved and (2) in non-point sources, the
best management, cost-effective and reasonable practices are implemented. In
places were high quality standard waters which constitute an exceptional resource,
such as the waters in the El Yunque National Forest and other state forests, wildlife
refuges and waters of exceptional recreational or ecological value, water quality will
be preserved and protected. In those places where deterioration of the water quality
is associated with a thermal discharge, said thermal discharge must comply with
Section 316 of the CWA (EQB, 2004).

Aside from the water quality standards established by the EQB, Puerto Rico’s coastal waters
are protected by Federal regulations against residual waters discharges. The EPA establishes
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minimum effluents for municipal treatment installations and industrial sources under the
CWA. However, the EQB retains the faculty to establish stricter standards.

The EQB, in coordination with the EPA, administers the Beaches Environmental Assessment
and Coastal Health (BEACH) Program created at the Federal level by the “Beach Act” of 2000.
Under this Program, the EQB is responsible for: (1) bacteriological monitoring of all beaches
deemed swimmable, (2) notify the results of the monitoring, done every two weeks in the
beaches included in the Program and (3) protect the health of users who visit those
beaches.105

The EQB also operates the Coastal Zone Monitoring Network all year round. This network
consists of 99 stations located in different segments of the coast around the Island and
whose reports are in included in the Bi-Annual Integrated Report 305 (b)/303(d). The
analytical results are evaluated conforming to uses designated for coastal waters as
established by the PRWQSR.

ILLUSTRATION 2. EQB’S PUBLIC NOTIFICATION MAP REGARDING BEACH CONDITIONS

Junta de Calidad Ambiental
Programa de Monitoria de Playas y Notificaciéon Publica
Notificacién Ambiental
Iomacion caseyifics; JCA Emitida en 28 de agosto de 2009

Leyenda:

0 5 0 Milas A cumple con los indicadores de calidad de agua

Identificaciones de las Playas e )
/A No cumple con los indicadores de calidad de agua

RW.1. Balneario de Luquillo

2 LTV s ISt (Ra I LaJunta de Calidad Ambiental (JCA) ha implantado el Programa de Monitoria de Playas y

RW.4. Balneario Punta Santiago, Humacao Notificacion Publica. El mi dirigid la salud de los badi h

RW.5. Balneario de Rincon otific acion Publica. El mismo va dirigido a proteger la salud de los bafiistas que hacen uso

RW.6. Balneario de Patillas de las playas incluidas en el recuadro izquierdo. Para ello se muestrean y analizan frecuentem ente
RW-7. Balneario Punta Guilarte, Arroyo la calidad de las aguas en estas playas. Los indicadores o para os utilizados para evaluar
RW-8. Playa Buyé, Cabo Rojo la calidad del agua son:

RW-9. Balneario Caiia G orda, Guanica
RW-10. Playa Santa, Guanica

RW.12. Playa Combate, Cabo Rojo * Coliformes fecales: 200 col./100m| * Enterococos: 35 col./100ml

RW.13. Balneario Boqueron, Cabo Rojo

RW-14. Playa Mojacasabe, Cabo Rojo El mapa refleja el nivel de cum plimi: con los indicad. antes i en estas playas.

m:g gla;;:g::sdlleé‘;‘;si‘;uaﬂilla En el caso de que la evaluacion de alguna playa refleje que no esta apta para su uso, laJCA emitira
RW-17. Balneario Cerro Gordo, VegaAlta una notificacion al publico. Se considerara una playa que no cumple con los indicadores de calidad
RW.-18. Balneario Sardinera, Dorado de agua cuando lamisma excede los indicadores antes mencionados en dos eventos consecutivos
RW-19. Balneario Punta Salinas, Toa Baja de muestreo. Los resultados de los muestreos aqui reportados estaran vigentes hasta nuestra proxima

RN, HoIE a0 E I Soudiny ién. Paramayor informacién puede comunicarse con el Area de Planificacion Estratégica,
RW-21. Balneario de Carolina

RW.22. Balneario de Aguada Div_isién de Plangs y Pro_yectos Especiales al (787) 767 8181 Ext. 3550 o nuestra pagina

RW.23. Balneario Puerto Nuevo, Vega Baja de internet www.jca.gobierno.pr

RW-24. Balneario Sun Bay, Vieques "Ayudanos a proteger nuestras playas, no las contamines, conserva su encanto”
Esta notificacion publica es requerida por la Ley Federal de Agua Limpia (CWA)

105 Samplings are done to monitor fecal choliforms and enterococcus - bacteria used by the EQB as indicators of
possible fecal contamination - every two weeks on 23 beaches. The results are notified to the public as required by
the CWA.
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Need: Reevaluate the treatment given to residual waters in order to provide better depuration
options that are safer for bathers and marine resources.

Information presented in the IWRMP states that the quality of superficial and underground
water in Puerto Rico is affected by high concentrations of fecal bacteria and nutrients.
Among sources of contamination identified in the document are domestic discharges coming
from semi-treated PRASA waters, non-point sources and industries.

Primary treatment plants are insufficient in order to effectively purify waters discharged to
the sea, even when they comply with water quality standards. This results in the deposit of
nutrients, organic matter and metals which affect water quality, thus affecting marine life,
including coral reef communities. In order to address this issue, the PRASA will need more
funding to allow the expansion of current treatment to possible a secondary or tertiary
treatment.

B. Reducing damages from oil spills

Findings

Qil spills are a serious hazard to coastal waters. Over the last decades, hundreds of
environmental emergencies have been created due to spills of chemical substances. Many of

these spills - particularly oil spills - have directly affected Puerto Rico’s coasts, constituting a
serious danger to coastal waters. The most common sources of oil contamination in coastal
waters are bilge pumping, deballasting on tankers, ship accidents and the operation and
cumulative impact of fuel spills in small vessels.

Damage caused by oil spills depends on the location, the quantity and the type of material as
well as the wind and conditions of the current and waves. Typically, the more serious
damage occurs on waters close to the coast, enclosed bays and estuaries.

Since 1960, some 12 significant fuel spills have occurred in Puerto Rico. In 1968, the tanker
Ocean Eagle sailed from San Juan Bay seeping 3.7 million gallons of oil which affected
beaches in the tourist zone, the beaches from Loiza to Arecibo and causing damage to the
marine flora and fauna in the sector. In 1973, the Zoe Colocotroni vessel spilled 1.5 million
gallons of oil near the Cabo Rojo coast impacting flora and fauna in the region as well as the
fishing industry. In 1991, Vista Bella vessel spilled enough oil near St. Kitts affecting the
waters around Vieques, Culebra and up to Cayo Berberia and Caja de Muertos. In January
1994, the Morris J. Berman barge spills 750,000 gallons of Bunker 6 diesel in front of the San
Juan touristic zone causing serious damages to tourism activities as wells as marine flora and
fauna. The most recent spill - still of unknown origin - occurred in waters south of Guanica,
in August 2007. This spill substantially impacted the wetlands in the South coast, including
coral reefs, plant life and mangroves in the region.
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Main oil and fuel spills in the coastal waters of Puerto Rico

TABLE III-16. MAIN OIL AND FUEL SPILLS IN THE COASTAL WATERS OF PUERTO RIcO

Date
July/16/1962
March/3/1968
1973
January/13/1974
March/1977
December/19/1978

February/15/1985

November/27/1986

December/12/1993
January /7/1994
October/18/1999

August/30/2007

Location
Gudnica Bay
San Juan
Cabo Rojo
Guayanilla
Guayanilla Bay
Ceiba and Yabucoa
Mona Passage

Ensenada Honda,
Roosevelt Roads, Ceiba

San Juan
San Juan
Roosevelt Roads, Ceiba

Gudnica

Origin
Argea Prima
Vessel Ocean Eagle
Vessel Zoe Colocotroni
Vessel Zannis
Unknown
Barge Peck Slip

Ship A. Regina

Tank #85

Barge BGI Trader
Barge Morris J. Berman
Tank

Unknown

Quantity and type
10,000 ton. crude oil
1.5 millions gal crude oil
1.5 millions gal crude oil
1.5 millions gal crude oil
42,000 gal of Venezuelan crude oil
460,000 gal Bunker C

6,000 gal diesel No. 2

59,000 gal JP-5

10,000 gal Fuel Oil No. 6
800,000 gal Fuel Oil No. 6
100,000 gal Jet Fuel No. JP5

Unknown

Source: USCG/ DNER & USFWS. (2007). Gudnica Oil Spill Preasessment. Memorandum.

Some cleaning procedures may be more destructive than the spill itself, such as the use of
detergents or techniques that coagulate and sink oil to the ocean floor.

Long-term effects of oil spills in tropical environment are unknown. Monitoring systems

indicate there is very little or no decomposition of remnant oil after cleaning operations
concluded. For example, 11 years after the fuel spill from the Zoe Colocotroni in Puerto Rico’s
southwest, samples were taken of the sediment in the mangroves directly impacted by the
incident. The results indicated concentrations of 10,000-100,000 ppm of hydrocarbons six
centimeters below a surface of sedimentation which looked clean. Furthermore, oil was
found, possible from a spill occurred in 1962 (Argea Prima), some 14-16 cm below the
surface.106

More spills should be anticipated. Despite the fact today there are fewer refineries than 25
years ago, the ones which do exist, along with power generating plants, require the traffic of
tankers filled with oil and other derivative products. Furthermore, Puerto Rico’s coastal
waters serve as part of the routes other vessels use to transport fuel to different
destinations. Such is the case of the Mona Passage, west of the Island.

Responding to findings

1. Preparing oil spill contingency plans

Spilling or depositing oil in coastal waters is a violation of the “Oil Pollution Act” (OPA),
approved with the purpose of preventing spills in coastal waters. In Puerto Rico’s particular

106 Recovered online from NOAA’s Office of Response and Restoration on April 12, 2008:
http://response.restoration.noaa.gov/book_shelf/32_mangrove_chapter5.pdf.
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case, spilling or depositing oil represents a violation of the “Puerto Rico Environmental
Public Policy Act”, supra.

Due to the economic and environmental impact these spills may have, the OPA establishes
that companies transporting oil through the United States Territorial Waters must have a
prevention plan for these events as well as a contingency plan to contain and clean the
material in case of an emergency.

The EPA and the USCG administer the Caribbean Regional Response Team (CRRT), whose
jurisdiction includes Puerto Rico, the U.S. Virgin Islands, Navassa and adjacent waters
belonging to the Exclusive Economic Zone (EEZ). These agencies are responsible for
designing and implementing the Caribbean Regional Contingency Plan as established by the
OPA and the “Comprehensive Environmental Response, Compensation, and Liability Act”
(CERCLA) of 1980.

At the local level, the EQB counts with the “Contingency Plan to tend contamination due to
oil spills or hazardous substances,” as part of the legal framework which includes the
“Puerto Rico Environmental Public Policy Act”, supra, “Law on Hazardous Substance Spills”,
Law No. 13 of 1973, “The Puerto Rico Environmental Emergency Fund Act,” Law No. 81 of
1987, and in accord with the Federal government “National Oil and Hazardous Substances
Pollution Contingency Plan” (NCP). The NCP contains the measures and provisions needed to
address - in an integral and coordinated manner - an oil spill or a spill of any other
hazardous substance. According to the Plan, the EQB is the lead agency in collaboration with
other Commonwealth agencies, such as DNER and federal agencies such as NOAA and the
USCG.

DNER has multiple functions in these situations. For example, the Rangers Corp serves as a
“first responder” in many of these cases and provides logistical support for the chain of
command established in each case. Moreover, DNER, as custodian of assets under public
domain in the maritime zone and administrator of Puerto Rico’s natural resources, has the
capacity to evaluate damages caused to natural resources as a result of oil spills. DNER also
actively integrates itself into the chain of command in answering environmental
emergencies which include oil spills, or spills of any other hazardous substance, as a
scientific advisor, technical advisor and as a provider of logistic support for coordinated
interagency operations.

2. Establish oil spill liability measures

Several Federal government trusts exist and are used to handle matters of environmental
pollution. Perhaps, the most relevant ones are the Hazardous Substances Superfund, the
Leaking Underground Storage Tank Trust Fund (LUST), and the 0il Spill Liability Trust Fund.

The OPA establishes an ample accountability scheme similar to CERCLA, but applicable to
cases involving oil spills. The owner or operator (or the responsible party) of a vessel or an
establishment where a discharge occurs, or that represents a substantial threat of a
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discharge on or near navigable waters adjacent to the coast or the EEZ, is responsible for the
costs of removal and damages.107

The 0il Spill Liability Trust was established by the OPA198, This Trust reimburses some
cleaning costs stated in the NCP: the costs incurred by Federal and Commonwealth
authorities in the evaluation of damages to natural resources and the implementation of
plans geared toward restoration. All this conditioned to implementing these plans in
accordance to NCP stipulations. However, the Trust will not reimburse the costs of those
responsible for the spill if the accident was a result of negligence.109

For its part, EPA can impose fines for oil spills which are a result of probable negligence.

At the local level, under the EQB’s water quality standards, owners of establishments or
industries which include a supply of oil are obligated to take measures to control any spill,
whether oil or any other hazardous substance. Through what is established by the “Puerto
Rico Environmental Public Policy Act”, supra, the EQB can order the reimbursement of
expenses incurred in the removal or mitigation of any damage or adverse effect on the
environment caused by an unauthorized discharge, be it an accident or not.

Said law also established a fund to start judicial or administrative action geared toward
ordering a party responsible for a spill to take the necessary actions to protect the
environment and the general public.11? This law also gives the government the authority to
recover any cost in which it may incur in containment and clean-up of a spill.

Furthermore, the “Law on Mining in Puerto Rico,” Law No. 6 of 1954, requires companies
who exploit mineral resources in Puerto Rico to pay for clean-up cost of any oil spill they
may cause.

C. Reducing non-point sources of pollution, such as erosion and
sedimentation

Findings

Non-point sources of pollution are found to be among the main causes for the degradation of
coastal waters. Inadequate land uses in coastal areas increase the problems caused by

erosion and sedimentation in water bodies. These include sedimentation and erosion
emanated mainly from hydromodifications, agricultural activities and construction without
implementation of adequate land use management practices. Non-point sources of pollution
are divided in five categories: urban areas, agriculture, hydromodifications, marinas and
mining.

Sedimentation which occurs as a result of soil erosion due to different activities is carried to

the water bodies and deposited by means of run-off and pluvial currents. The effect of
sedimentation has grave consequences on coastal waters as well as the resources there. The

107US Code, Title 33, Sec. 2702(a).

108[S Code, Title 26, Sec. 9509.

109US Code, Title 33, Sec. 2712(b).

110 This law abolished the “Law for the Environmental Emergencies Fund of Puerto Rico.”
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sloped topography, strong rainfall, the removal of vegetation, deforestation and winds -
particularly over soils which erode easily - are factors which contribute to erosion in Puerto
Rico.

Among the agricultural methods increasing soil erosion and sedimentation are the incorrect
practicing of tilling and indiscriminate deforestation. On the other hand, rapid urban sprawl
is another principal factor contributing to land erosion and the sedimentation of water
bodies. Inappropriate land leveling practices in construction areas also helps increase
erosion. Also contributing to erosion are poor declines of lands and lack of forestation and
vegetation.

Sedimentation alters the quantity and quality of water supplies. The turbidity of these water
supplies affects the physical and biological characteristics of the superficial waters and
coastal waters in which they discharge. Therefore, the high concentration of suspended solid
parts reaching water bodies as a result of sedimentation, are an obstacle to the health and
development of communities of organisms and coral reefs which depend on light for growth.
Meanwhile, nutrients transported by sediments contribute significantly to the
eutrophication of the water bodies. This situation affects the scenic value and water bodies’
ability for other uses, such as recreational.

Resulting impacts include flooding, reduced water quality, and an increase need for
dredging. Increases in run-off, due to modifications of the landscape, amplify the risk of

flooding. This has had a cumulative impact and, therefore, land which were not prone to
flooding are now exposed to great damage due to floods.

Turbidity affects the chemical and biological characteristics of superficial and coastal waters
unto which they discharge. The use of cleansers and pesticides, among other toxic
substances in superficial and underwater also increases. Also, sedimentation and increased
turbidity destroy coral reef communities.

Excessive sediment discharges into rivers, tributaries and lakes reduce the capacity of their
channel and create obstacles at river’s mouth. This has translated into more frequent
dredging of water bodies such as the Rio Grande de Loiza basin and San Juan Bay.

Public Policy

The “Law to authorize the creation of the Soil Conservation District,” Law No. 211 of 1946,
found that improper land-use practices were causing erosion of farm and grazing lands. This
law establishes a policy of preserving and protecting these lands which it found to be basic
assets of the Island.

The OPP-PRLUP establishes public policies relevant for the whole Island in the section
regarding Natural, Environmental and Cultural Resources:

“Control land development, construction and subdivisions which could adversely affect
water quality, particularly in areas for aquifer recharge and in watersheds contiguous to
lake and reservoirs, including, among others, activities such as excessive use of paving
resulting in increased run-off; the indiscriminate use of pesticides or fertilizers which
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degrade the quality of our water bodies, deforestation or removal of vegetation and land
movements which lead to erosion and sedimentation” (see Policy 30.02).

Implementing the Policy

1. Implement education and awareness programs to help reduce non-
point sources of pollution.

In 1990, the U.S. Congress passed Section 6217, known as the Coastal Zone Act
Reauthorization Amendments (CZARA) requiring all states and territories with coastal zone
management plans to also develop plans to control pollution emanating from non-point
sources. The main purpose of these plans was to strengthen the communication between
local and federal coastal zone management programs and water quality. At the federal level a
“Coastal Nonpoint Pollution Control Program” was created under the jurisdiction of EPA and
NOAA.

Locally, in order to comply with these dispositions, Executive Order E0-1999-08, “To
establish the public policy for the control of non-point sources of pollution on Puerto Rico’s
coastal zone, to adopt obligatory management measures and to order the compliance by all
government departments and agencies of the Government of Puerto Rico” was signed. By
virtue of this EO, the “Committee for the Control of Non-point Source Pollution in the Coastal
Zone” was created to implement the management of the plan by 16 different government
agencies.!! The Committee developed the Puerto Rico Coastal Nonpoint Pollution Control
Plan (PRCNPCP) which was approved by EPA and NOAA in 2000.112

Following the dispositions of Section 6217 of the CZARA, the plans establishes how Puerto
Rico will implement controls, known as Mandatory Management Measures (MMs), in
accordance with the measures established as guidelines by the EPA, known as “Guidance
Specifying Management Measures for Sources of Nonpoint Pollution in Coastal Waters”. It
also contains additional MMs established by Puerto Rico, as long as they are necessary to
obtain and sustain applicable water quality standards and MMs to protect wetlands and
river banks. Implementation of MMs is done through the Best Management Practices in
construction and vegetation and the best available technology.

Through the PRCNPCP, five categories of activities were identified which results in pollution
from non-point sources. The categories are: 1) agriculture, 2) urban, 3) marinas, 4)
hydromodifications and 5) protection of wetlands and river banks.

Under the PRCNPCP several initiatives have been implemented among: the elimination of
motor vehicles (all terrain vehicles) along water bodies and amendments to the “Water Act”
and its regulations. Also, through the “Watershed Stewardship Program”, which focuses on

111 The Committee is constituted by the DNER, the EQB, the RPA, the Districts for Soil Conservation, the Agricultural
Experimental Station and the Agricultural Services Extension of the UPR, the PRDPH, the Highway and
Transportation Authority, PRASA, PREPRA, PRPA, the Sea Grant Program and other entities eventually identified by
the designated agencies to be part of the Committee. The Committee also receives collaborations form federal
agencies such as the NRCS, the USFWS, the Federal Highway Authority, the USGS, the Federal Agricultural Service
and the EPA.

112 The implementation of this Plan is fundamentally geographic due to the limitation of resources to tend the whole
Island. For this reason, geographical regions selected by the EQB as priority watersheds are used as parting points.
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the management of watersheds, work is being done on two problems which negatively alter
water quality: the use of cleansing agents with high concentration of phosphates and the
design, construction, use and maintenance of septic systems in single family homes.

Another initiative has been the “Clean Watershed Needs Survey”, a tool to take an inventory
of the structural needs to conserve water resources and includes topics related to point and
non-point sources of pollution.1’3 The DNER is cooperating with this initiative through its
Non-Point Sources of Contamination, in the area of management of watersheds, marinas and
hydromodifications. This program can be implemented in both public and private lands.

Another area in this program is the “Coral Reef Management Support”. This part is being
implemented in Vieques and Culebra and includes the creation of computerized estimates of
the amount of sediments produced by non-paved roads which are transported to coastal
waters by rain, wind and gravity impacting coral reefs, marine ecosystems and the coast.

The USDA, through two agencies: the NRCS!1* and the Agriculture Stabilization and
Conservation Service (ASCS)115, is also implementing soil and water conservation efforts.

The NRCS operates various programs in Puerto Rico to deal with problems related to
sedimentation and run-off. Some of the programs operated by this agency include
demonstrative projects in conservation practices which includes conferences and
publications, among others. This agency has also performed soil studies in Puerto Rico in
order to facilitate conservation efforts and as aide for future developments. These studies
include the classification of soils by hydrologic groups representing their capacity for
infiltration. The NRCS also provides technical support to land owners and operators in order
to executive locally-adopted land and water conservation programs.

The 17 Land Conservation Districts in Puerto Rico were authorized by “Law No. 211 of
1946” to establish regulations for the control of erosion in their districts and impose fines on
violators.11¢ These districts are also affiliated under the Association of Districts of Land
Conservation of Puerto Rico. The function of this Association is to coordinate efforts to
establish education and information programs for the Districts and the work that they do.
Each District’s priority is to establish and direct programs geared towed land and water
conservation as well as improve the quality of these resources. To help in the
implementation of its programs and in providing services for land users, the Districts
coordinate technical and financial assistance through NRCS and the Farmers Services Agency
(USDA-FSA), as well as other federal agencies.

113 This is a federal program coordinated by EPA and led locally by the ASA and the EQB. The program is being
implemented through an Interagency Committee coordinated by the EQB.

114 Code of Federal Regulations (CFR), Title 7, Pts. 600-699.

115 Code of Federal Regulations (CFR), Tiitle 7 Pts. 700-799.

116 The Districts for Soil Conservation were created by Law #211 of 1946 and are el legal subdivision of the Puerto
Rico Government and directed by a Board of five Supervisors. Each District is comprised by various municipalities
with the purpose of planning and applying wise use to the land. The 17 Districts are dividen in: Atlantico, Caonillas,
Caribe, Cibuco, Culebrinas, Este, Nordeste, Noroeste, Norte, Oeste, San Juan, Sudeste, Sur, Sudoeste, Torito,
Torrecillas and Turabo. The Districts are part of the Department of Agriculture and guided by the Committee for Soil
Conservation in Puerto Rico. The function of this Committee is to organize and direct the work of the Districts.
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Over the last years, the EQB has been collaborating with other agencies in various initiatives
in order to achieve better management of water resources. Among these initiatives are the
Basin Restoration Plan, the development of a TMDL on the basins which deems necessary,
the development of an intensive monitoring and public notification project in most used
beaches, the development of a water quality criteria for nutrients which will permit a
reduction in the eutrophication of water supplies and a rotating monitoring schedule along
the watersheds, of which current information is insufficient (JCA, 2002).

2. Regulating the sources of sedimentation

The key purpose of the EQB’s Regulation No. 5754, “Regulations for erosion control and
sedimentation prevention”, is to prevent and control contamination in Puerto Rico’s waters,
among other resources.

The regulation applies to those human activities which could cause, or have the potential to
cause, erosion of the soil, including: deforestation, removal of vegetation, construction or
demolition of structures, extraction of materials, disposal of soil, soil deposits, including
material from dredging or any other activity which includes alteration of current land or soil,
among others.

Other agencies have taken affirmative action, such as the DTPW and Puerto Rico Highways
and Transportation Authority (PRHTA), which as part of their Environmental Policy,
approved in October 2002, established that all transportation projects would be developed
in compliance with all integral plans for the management of watersheds in order to reduce
erosion and sedimentation and improve the quality of water and the environment.

At the federal level, several laws promote the conservation of soil and water quality. The
“Soil and Water Resources Conservation Act”’!l7 of 1977, states that the USDA should
evaluate soils and water in agricultural lands, develop conservation and protection plans and
evaluate their annual performance in order to move forth and achieve conservation
objectives prescribed in the law. The “Soil Conservation and Domestic Allotment Act”118 of
1936 pays farmers who adopt better agricultural practices. According to these laws and
agricultural laws passes in 1985, 1990 and 1996, the Federal government has established
diverse programs geared toward the conservation of soils and water.!? For its part, the
“Federal Wild and Scenic Rivers Act” (FWSRA)!20 establishes that administrative plans
should be developed to regulate activities in lands adjacent to rivers designated under the
dispositions of this law prior to 1985.

117 U.S.Code, Title 16, Secs. 2001-20009.

118 Pub. L. 74-461, 46 Stat. 11438, U.S. Code, title 16, Secs.. 590a-590q-3) (Pub. L. 74-461, 46 Stat. 11438, U.S. Code,
title 16, Secs.. 590a-5909-3)

119 Among these are: Environmental Conservation Acreage Reserve Program (ECARP), Conservation Reserve
Program (CRP), Wetlands Reserve Program (WRP) and the Environmental Quality Incentive Program (EQIP);
Conservation Compliance Program, Sodbuster and Swampbuster Programs, Environmental Easement Program and
the Resource Conservation and Development Program.

120{J.S.Code, Title 16, Secs. 1271-1287.
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D. Minimizing environmental damage from dredging, diking and filling

Findings

Maintenance and harbor-improvement dredging are essential, continuing activities in Puerto
Rico for commerce, reason for which they must be executed in a continuous manner. Said

dredging activities should be done in order to combat the effects of natural erosion and
sedimentation, which are intensified by human activities.

The USACE has conducted various dredging projects in the past, is developing some in the
present (dredging of San Juan Bay) and plans others in the future.

Dredging and filling could cause environmental problems. Dredging can cause contamination
at both the point of removal as well as at the point of deposit. Its direct effects, especially

those limited to the area of the project, are generally short-term and include: effect of
turbidity, increase in sedimentation, removal of substratum materials and suspension of
solid particles. In shallow lagoons along the coast, however, experience has evidenced that
these effects could be more long-term and more serious (i.e. Laguna de Pifiones).

Long-term, effects could include the destruction of organisms, which could cause changes in
water quality in the immediate area and the destruction of adjacent flora and fauna.

Responding to findings

A. Regulating dredging, filling and construction in navigable waters.

Dredging, filling and construction on navigable waters is subject to a permitting program
managed by the USACE in accordance to two federal laws: RHA and CWA. Under Sections 9
and 10 of the RHA, the USACE requires permits for the discharges to submerged lands under
the average high tide in coastal waters, or in rivers, lakes or bodies currently or historically
used for navigation. Under Section 404 of the CWA1!21, federal permits are required for
activities which implicate the dredging or filling of material in navigable waters, including
lakes, water currents, rivers, canals, tributaries and wetlands. Permits under Section 404
must be adjusted to the discharge norms established by the EPA. Furthermore, the EPA can
prohibit the granting of a permit under Section 404 if the proposed discharge has an
unacceptable adverse effect on certain environmentally sensitive areas.

The DNER also has the responsibility of participating in the evaluation process under the
criteria established by the "Regulation for Use, Surveillance, Conservation, and Management
of the Territorial Waters and Submerged Lands Thereunder and the Maritime Zone”, supra.

It is important to note that according to the “Puerto Rico Ports and Piers Law”, supra,
dredging activities and the disposal of material in the port zones require approval from the
Ports Authority (PRPA).

121 Amendments to the CWA, P.L. 92-500.
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B. Establishing criteria for dredging

In order to guide decision making in the process of granting or denying a permit application
by USACE, the DNER establishes the following criteria as part of the PRCZMP:

Criteria for diking, filling, dredging and deposit of dredged sediments:

..Criteria for diking and filling- Diking or filling of coastal waters (other than shoreline
structures)??2 will be limited to the maximum that is practical and permitted when it is
necessary and when no other less environmentally harmful alternative is available to: (1)
the expansion of ports and airports, national defense of installations dependent on the coast;
(2) restoration of land (i.e.: diking to control sedimentation or restore lands previously lost
to coastal erosion).

...Criteria for dredging - Dredging on coastal waters to the maximum limit to which it is
practical (a) will minimize interruption of the natural system and (b) will be limited to the
following: (1) ports, energy installations or national defense, (2) navigable canals, turning
dams, anchor zones, ramps for launching small vessels, (3) canal entrances or minor
dredging of port areas for recreational vessels; (4) commercial fishing installations, (5) flood
control projects (6) extraction of sand, gravel and minerals; (7) other public service
purposes (i.e.: restore water circulation) keeping in mind that results are carefully revised
and evaluated on their restorative value. The need to dredge will be minimized by careful
design and location of installations in relation to existing water depths, circulation patterns
and efforts to reduce controllable sedimentation. In places where material is contaminated,
dredging or mining will be avoided to maximum limit to which it is practical.

...Criteria for the disposal of dredged sediment - Dredged sediments which comply with

criteria established by the EPA for fresh water, estuaries or the sea, can be deposited in
designated areas to minimize potential adverse results for marine organisms or to fill areas
authorize by the DNER. Dredged material cannot be transported from coastal waters to
mangroves, estuarine areas or fresh water for its disposal. Dredged material which exceeds
approved norms for water quality and whose disposition on land is not possible or not
environmentally acceptable should be placed - be it on dry land or in such a manner that it
prevents marine contamination (on the bottom or on the surface) in deep locations of the
sea already designated and approved by EPA.123

E. Reducing damages caused by vessels abandoned in coastal waters.

Findings

Abandoned vessels constitute a significant threat to coastal resources. These vessels suppose
a series of risks, among which are: fuel spills and other contaminants, including the infusion
of nutrients into coastal waters and physical destruction of habitats. Some of these vessels
are also used as deposits for illegal waste, create an obstacle for navigation and constitute a
health and safety risk for humans.

122 Coastal structures are considered as part of the erosion process in accordance to Section 305 (b)(g) of the CZMA.
123 This policy was taken by the PRCZMP (1978) from California’s CZMP.
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In 2002, a study commissioned by NOAA examined more than 100 abandoned vessels in the
Caribbean. Many of these were vessels ran aground due to hurricanes and from which little
information is known about their original owners.

This study identified and evaluated 34 vessels abandoned in Puerto Rico of which 17 where
recreational, 14 were commercial and three were military (Michel et al,, 2002). Some of
these vessels were found in areas typically used by yachts o where vessels are anchored for
prolonged periods of time, such as in Puerto Rico’s Southwest.

Approximately 20 of the 34 vessels were found in ecosystems associated with coral reefs,
particularly in sea grass areas or mangroves. Of these, only one vessel was directly on top of
a coral reef. On the other hand, six of the vessels were found to be a contamination threat for
coastal waters. Some of the contaminants identified in these vessels were fuels, oil barrels,
batteries and possibly ammonia. In this situation, the study found that the USCG has been
proactive in investigating these vessels and removing material which could constitute and
immediate threat.

However, this problem goes beyond the potential impact on ecosystems associated with the
coral reefs. For example, many urban ports have problems associated with these vessels.
Some of the identified vessels constitute a threat to navigation. These were identified along
Puerto Real, Cabo Rojo and in Roosevelt Roads. Even if these vessels are not in active
navigation canals, they are near marinas, ports and other areas used for recreational
navigation.

Certainly, the most important danger these vessels present is related to public safety due to
the potential of debris coming off these vessels and impacting coastal water users.

Responding to findings

NOAA’s Damage Evaluation Center is currently undergoing a series of tasks which, once
completed, will establish a coordinated strategy to address the risks these abandoned
vessels present to coastal waters. These strategies respond to the National Action Plan of the
U.S. Coral Reef Task Force. NOAA'’s efforts are comprised of three principal components:

1) Development of a database of the abandoned vessels;

2) Revision of current legal authority which will permit the removal of these abandoned
vessels; and

3) Field visits, evaluation of the vessels and setting of priorities of those vessels which
represent a higher risk, thus they can be removed faster.

One of the tasks is the creation of the Abandoned Vessel Inventory (AVI), a database of
abandoned vessels which could constitute a potential risk to the coral ecosystems in the U.S.
states and territories. Through this initiative, some 35 vessels have been inventoried in
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Puerto Rico, but estimates place the actual number of abandoned vessels at between 60 and
80.124-

Aside from those identified by AVI, the USCG counts with the Abandoned Vessel Program,
through which it has been able to remove abandoned vessels. One of the most outstanding
cases under this program was the M/V Kimton, removed from a beach in the Municipality of
Fajardo in year 2000. This vessel was being used for the illegal deposit of more than 15,000
gallons of used oil, explosives and batteries. The USCG, through the Spill Liability Trust Fund,
removed this vessel which represented a potential health and safety threat for the
ecosystems and the population. This action also permitted the renovation of this maritime
front for the Municipality of Fajardo and a boardwalk was built to allow public access to the
coast.

Need: Study the available legal option to address the problem of abandoned vessels along
Puerto Rico’s coastal waters and resources.

It is recommended to evaluate available legal options in Puerto Rico to address the problem
of abandoned vessels. These vessels, in general, after running aground or not, are abandoned
by their owners who have knowledge of the coastal ecosystems.

3.2.8 COASTAL FORESTS

Findings

The forests that once covered Puerto Rico’s coast are now greatly reduced. In the 16t
Century, forest coverage in Puerto Rico neared 890,000 ha. At the beginning of 19t Century,

forest areas covered 587,000 ha and by the end of that same century, coverage had been
reduced to 182,000 ha (Birdsey & Weaver, 1987 in CPN & UMET, 2005). During this time, the
intense deforestation in the coastal plains was due, principally, to economic activity based on
the harvesting of sugar cane while in the interior of the Island, it had to do with agricultural
activity associated with coffee plantations.

124 NOAA.  Office of Response and  Restoration. Recoered  online in May  2009:
[http://response.restoration.noaa.gov/av_subregion.php?RECORD_KEY%?28subregions%29=subregion_id&subregi
on_id(subregions)=PR.
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GRAPHIC III-2. PUERTO RICO’S SOIL COVERAGE

1%

B woody vegetation B grasslands
B urban lands water and natural barriers

Source: Gould et al., 2007. Graphic made by Estudios Técnicos, Inc.

The removal of forests was so intense that by 1940, only 6% of the forest territory
remained.!2> However, economic transformation of agricultural activities has given way to
some recuperation allowing for former agricultural land to be covered by secondary
vegetation. Currently, it is estimated that 52% of Puerto Rico is covered by wooded
vegetations and 35% by grasslands (Gould et al., 2007).

The majority of coastal forests are mangroves. Other coastal forests of particular interest
include: (1) Pterocarpus forest and (2) the dry forest in Guanica (see Map 19).

Pterocarpus forests (Pterocarpus officinalis) exist in several locations in Puerto Rico although

they do not grow naturally in any of the states. The Pterocarpus has an impressive system of
roots and is part of swamp forests, mostly in the most 7/ o LR ;

inland portions of these mangroves. Some of those
which exist in Puerto Rico’s coastal zone are:

o Torrecilla Alta - Loiza

o Close to the Rio Espiritu Santo

o Pterocarpus forest in Humacao

o Palmas del Mar- Humacao (small)

» Pantano de Espinar - Aguadilla (small)

e Pterocarpus Forest in Dorado

« Patillas- Punta Viento Pterocarpus officinalis

Picture by Estudios Técnicos, Inc.

o Luquillo- Valle del Rio Mameyes

o (Cafio Boquillas- Mayagiiez

125 Ibid.
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The Bosque Seco de Guanica is an area of unique resources. This forest, located in Southwest
Puerto Rico is an exceptionally fragile and unique natural area in the Island’s most arid

region. Various designations recognize this area’s natural and scientific importance. In 1919
it was declared a Commonwealth Forest (Bosque Estatal) and in 1981, the United Nations
Education, Science and Cultural Organization (UNESCO) designated the area as a Biosphere
International Reserve and in 1985 it was designated as a Natural Reserve by the PRPB. This
forest was also recognized by the PRCZMP of 1978 as an SPA as part of the Southwest, Sector
Guanica and SPA Southwest, Sector La Parguera designations.

The forest extends some 4,000 ha including a marine extension of some nine nautical miles.
More than 80% of the soil is karst rock. Rain . e

in this sector is scarce and temperatures are '
generally hot.

Its soil is rich in flora adapted to the extreme
conditions. More than 550 species of plants
and close to 180 species of trees, both native
and introduced, have been identified of
which 19 are endemic to Puerto Rico. At

least 45 of these species are considered

B S de Guani
threatened or endangered. osque seco de Hudnica

Picture by: Estudios Técnicos, Inc.

This forest is also home to great variety of

wildlife, both marine and terrestrial of which 15 species are considered rare, threatened or
endangered. Close to 136 different species of birds have been identified here, 12 of which are
endemic of which three are endangered and eight are in the list of threatened species. One of
these species is the guabairo which in 1951 was considered an extinct bird, but was
rediscovered in the Guanica Commonwealth Forest NR. The guabairo is still in the federal list
of endangered species.

Furthermore, 21 species of reptiles and six amphibians have been identified. Among the
amphibians is the sapo concho, and endemic endangered. As far as marine fauna, more than
1,000 species, including, coral, mollusks, sponges and fish, have been found.

Recreational use is putting increased pressures on the Gudnica Forest. Recreational use of
the Forest has increased drastically since the 1960s. It is an accessible location preferred by

people who like to enjoy “virgin” beaches for snorkeling, swim and enjoy the day.

Other coastal forests with significance in Puerto Rico are the Piflones Commonwealth Forest

NR, Ceiba Commonwealth Forest NR and the Boquerén Commonwealth Forest NR. The
Piflones Commonwealth Forest, located in the Island’s northeast, has approximately 12.70

km? and was designated as a Natural Reserve by the PRPB. Some 70% of the flora is
comprised of mangroves and it has a bioluminescent lagoon, beaches, dunes and bays,
among other resources. This forest is used intensively for tourism and recreation due to its
proximity to the SJMA.

The Ceiba Commonwealth Forest was designated as a Natural Reserve in 1979 by the PRPB.
This forest, located in Puerto Rico’s East coast, is made up of 1.43 km? of land. Among the
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habitats found here are mangroves, sandy beaches and coral reefs. This forest is home to a
vast array of wildlife such as the mariquita, which is considered to be an endangered species.

The Boquerén Commonwealth Forest is part of the Boquerdn Natural Reserve designated by
the PRPB in 1980. This forest is comprised of approximately 18.76 km? in Puerto Rico’s
southwest. The forest is divided into eight segments: the mangroves of Barrio Guanajibo in
Mayagiiez, the mangroves at Laguna Joyuda, Puerto Real in Boquerén, the Bird Refuge, the
Lighthouse, Molinos Pitahaya and Bahia Montalva. This forest includes six types of habitats
considered important for wildlife, among which are: islets, coastal mangroves, coastal plains,
and marine vegetation. This forest is also home to the largest mariquita population in Puerto
Rico.

Responding to findings

A. Protecting and using the coastal forests resources

1. Public ownership and custody

In 1918, all mangroves on Puerto Rico’s coast and adjacent islands which belonged to the
people of Puerto Rico were declared Insular Forests, according to a proclamation signed by
then governor of Puerto Rico, Arthur Yager.

Currently, some of those coastal forests are in private hands or are owned by Puerto Rico’s
government agencies or corporations. For example, some 0.195 cuerdas (0.0008 km?) of the
Guanica Commonwealth Forest are owned by the Government of Puerto Rico and managed
by DNER. Another 2.36 km? are included in the area adjacent to Bahia Ballena, associated to
the Gudnica Commonwealth Forest NR and were recommended for public acquisition in the
PRCZMP (1978), along with other adjacent areas.

Also, some of the Pterocarpus forests in the coastal zone are privately owned.

2. Management and protection

Due to their unique natural characteristics, the importance of their habitats and their high
recreational potential, the PRCZMP (1978) recommended the following Pterocarpus forests
be designated as Natural Reserves. The recommendation was accepted and executed by the
PRPB:

» Natural Reserve Rio Espiritu Santo and

» Natural Reserve El Pantano Bosque de Pterocarpus and Lagunas Mandry y Santa Teresa in
Humacao.

Other recommended areas which have not been designated are:

o Pterocarpus forest in Torrecilla Alta

o Pterocarpus forest in Dorado

Need: Designate the Pterocarpus forest at Torrecilla Alta as a Natural Reserve.

This area was recommended for designation as a Natural Reserve by the PRCZMP of 1978 as
it included mangroves, a Pterocarpus forest, the Juan Pérez islet and other wetlands not
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included in the original Proclamation in 1918. Portions of this land were designated as part
of the Pifiones Commonwealth Forest NR. The remaining lands, which were not included in
the designation, were recommended by the DNER to the PRPB in 1983 to be designated and
named Torrecilla Alta NR.

This area is comprised by the Pterocarpus forest, mangroves and some limestone formations
in the marshes. Currently, most of these lands have been acquired by the DNER26, which
should facilitate the process to solicit the PRPB the designation of this area as a NR.

Need: Evaluate the viability and desirability of designating the Pterocarpus Forest in Dorado as
a Natural Reserve.

The PRCZMP of 1978 also recommended the designation of Pterocarpus forest in Dorado as a
NR. Currently, these lands belong to the PRCT and are part of its Protected Areas system,
reason why an evaluation of the benefits of designating the last as a NR by the PRPB is
recommended.

Need: Officially adopt and implement management plans for the forests which have been
designated as Natural Reserves.

Puerto Rico’s forests count with a Master Plan for the Commonwealth Forests of Puerto Rico
since 1976. This Plan only provided a preliminary structure for the forest system.
Subsequently, preliminary master plans were prepared by individual units.

Today, these areas are subjected to diverse uses among which are research and passive and
active recreation. Therefore, it is necessary to create management plans which respond to
the growing recreational activity while protecting the unique natural value of these forests.

B. Research

Coastal forests can be used as field laboratories for an ample variety of scientific and applied

research

The PRCZMP recommended research associated with the following topics:

a. Ecology of the life forms found in these areas,

b. Interrelation between the diverse ecosystems, including wetlands and land habitats,
c. More complete evaluation of flora and fauna, and

d. Effects of pollution of plants and animals, particularly the effects on insects.

126 Approximately 1,200 cuerdas of land known as Finca PFZ were acquired by the DNER, another 200 cuerdas,
known as Finca Cardenson Fund, are being acquired by the PRCT for donation to the PRLA along with another 700
cuerdas, which includes the Pterocarpus forest and a small mason tower for which the area is named after.
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3.2.9 HISTORICAL MONUMENTS AND ARCHEOLOGICAL SITES

Findings

Puerto Rico’s coast includes a rich heritage of historic sites. The Institute of Puerto Rican

Culture (IPRC) has designated numerous historical monuments in Old San Juan and in other
parts of the coast. The list of historical monuments and archeological sites has grown over
the years.

The National Register of Historic Places, i_ - |
maintained by the NPS, includes 262 sites in '
Puerto Rico.127 Of these, a significant amount
is located in the coastal plains, among which
are lighthouses still in use for navigation.

The archeological richness on the coast has
reached at least 408 sites, including ruins

from the pre-Columbus eral28 (See Map 20).

. . Punta Tuna Lighthouse, Maunabo
Also, several sunken vessels in Puerto Rico’s Picture by: Estudios Técnicos, Inc.

waters are part of the list of archeological
sites and historic monuments.

Public Policy

In the OPP-PRLUP, the general policy has been established as: “Conserve and protect
structures of historic, architectural and cultural value as well resources of archeological
value, through the implementation of regulations for those purposes” (see Policy 29.00).
“Avoid the demolition, mutilation, destruction or decay of the natural resources,
archeological sites and historic zones” (See Policy 30.08).

Implementing the Policy

A. Protecting and managing key sites

1. Public ownership and custody

The IPRC is the Puerto Rico’s government agency which carries the bulk of the responsibility
over historical monuments and archeological sites. The majority of the historical monuments
on the IPRC’s official list belong to this agency while others belong to other government
agencies or the municipalities. The rest belong to either the Federal government or the
Catholic Church. At the federal level, the NPS manages the El Morro and San Cristobal forts
as well as historic city walls surrounding Old San Juan. The majority of the lighthouses are
property of the USCG2°, with the exception of Punta Figuras, which is property of DNER and
the Fajardo Lighthouse which was transferred to PRCT.

127 Information obtained from the National Register of Historic Places: [http:// http://www.nr.nps.gov/].

128 Information obtained from the GIS layer, using geo-referenced information from the PRPB.

129 See Maritime Heritage Program from the NPS: Inventory of Historic Light Stations Puerto Rico Lighthouses:
[http://www.nps.gov/history/maritime/light/pr.htm].
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2. Development of controls and regulations

The IPRC implements the regulations in the Historical Districts which are applied to both
public and private property in the Historical Districts of Old San Juan and Ponce.

Sites mentioned in the National Register of Historical Places are protected against any
alteration by the “National History Preservation Act” of 1966130 through programs financed
by the Federal government under the “Federal Law on Historic and Archeological
Preservation” of 1974.

At the local level, other laws of great significance exist. The “Law on Historic, Ancient or
Touristic Interest Zones,” Law No. 374 of 1949, has jurisdiction over ancient or historic
zones and over areas of touristic interest. This law orders the RPA to protect structures and
special places in accordance to recommendations from the IPRC, prior to granting any
permits within the designated historic zone.

The “Law on the Protection, Conservation and Study of Underwater Sites and Archeological
Resources,” Law No. 10 of 1987, created a Council for the Conservation and Study of
Underwater Sites and Archeological Resources within the IPRC. The Council is the only
government entity exclusively dedicated to underwater archeology. It has the responsibility
of protecting underwater archeological resources and promoting exploration, location,
discovery and preservation of these sites for further study.

The “Law for the Protection of Land Archeological Patrimony in Puerto Rico,” Law No. 112 of
1988, created the Council for the Protection of Land Archeological Patrimony within the
IPRC. This council regulates of archeology in Puerto Rico and establishes public policy for the
protection of archeological patrimony. Under this law, the sites, findings, artifacts,
documents or archeological material recovered are declared patrimony. The law also
establishes certain obligations regarding all excavation, construction or reconstruction done
in Puerto Rico.

Another law associated with the conservation and best use of cultural patrimony in Puerto
Rico is the “Law on Public Policy for the Development of Sustainable Tourism in Puerto
Rico,” Law No. 254 of 2006. This declares tourism as an instrument for education and
creation of awareness regarding conservation and appreciation of natural, environmental,
cultural and historical resources of great value in natural areas, both public and private. It
also promotes active participation from the community in conservation efforts for
enjoyment as well as social en economic wellbeing of present and future generations.

130 (PL, 87-665)
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Need: Inventory of archeological sites.

There are places of archeological significance in Puerto Rico which are still not inventoried,
many of which are found in private lands. This situation may cause important research areas
to never be discovered until a development project goes into its construction phase, in which
case the developer is obligated to report the finding to the IPRC and coordinate the best
option to protect it.

3.3 COASTAL DEVELOPMENT
3.3.1 COAST-DEPENDENT INDUSTRY

Findings

Some development critical to Puerto Rico’s future is likely to be coast-dependent. Certain

installations and activities should be located on the coast in order to function. Examples of
these types of activities are ports and dockyards. Others, significantly benefit if they are
located near the coast. These include: (1) energy plants and other industries which need
water for cooling and use great quantities of imported material and (2) industries which are
supplied or serve by industries related to the water and therefore, seek a location near the
coast.

Appropriate places for industrial uses dependent on the coast (ports and marinas) are
limited due to the configuration of the coast and the depth of the waters. Some of the places

appropriate for ports are found in the south and west of the Island between Yabucoa and
Punta Rincon.

Natural values, 8in particular, would conflict with industrial development at some of these
locations. Some coast-dependent developments, if carefully planned, could occupy portions

of these coastal areas with relatively minor impact over their natural value. However, local
and federal environmental laws, as well as contamination problems presented by certain
areas, could restrict the location of coast-dependent installation in certain places.

All analysis regarding coastal development should take into account the real threats faced by
coast-dependent activities, including climate changes, in particular the rise in sea levels and
the increased frequency and intensity of weather
events. Planning processes in Puerto Rico should
anticipate this phenomenon in order to avoid
future economic and social costs.

Certain activities which do not depend on the coast

tend to be located in these areas. Puerto Rico’s
coastal zone is home to important natural,
commercial, recreational and industrial resources
of actual value or potential value for present and

future generations. Important economic activities,

essential infrastructure and important urban Uses not dependent on the coast
Picture by: Estudios Técnicos, Inc.

centers have been located on the coast. However,
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the demand for coastal land and water for uses not depending on the coast has impacted
natural systems and reduced space for public use on the coast.

The evidence is clear, residential projects have occupied coastal areas along with industries

and commerce which do not depend on the waters. If allowed, these projects will occupy the
existing areas for coast-dependent uses. The coast along La Parguera in Lajas, Loiza,

Boquerén, Punta Picia, Condado and Isla Verde, are some coastal areas occupied by
structures for touristic, recreational and residential purposes without adequate planning.
This has created conflictive situations among which are: the problem with access to the
coast, visual obstruction of resources, degradation of coastal resources and increased
location of developments and infrastructure in risk areas.

Construction tendencies in the coastal territory have created a need to pay special attention
to coastal areas with urban characteristics in order to: (1) avoid, or at least put a stop to, the
loss of coast due to activities or uses not dependent or unrelated to water resources, (2)
protect life and property and (3) protect coastal
resources.

There are urban areas on the coast with the
potential to be redeveloped in order to maximize
public use. Coastal areas with abandoned structures
or rarely used, especially those located in the

maritime zone, present an opportunity to recover
transition spaces between the coast and developed
areas. By optimizing coastal space for urban use, it is
possible to take advantage of these zones and
redevelop them for public enjoyment. The Ventana
al Mar project in Condado is an example of a

redevelopment which provided a space for public

Ventana al Mar: transition area
between the coast and urban
development

property by providing a buffer zone in for potential Picture by: DNER

use for recreation and socialization along the coast.
This transition area also helps protect life and

damages caused by weather events.

Public Policy

The OPP-PRLUP establishes as one of its general goals:

"Locate our industrial developments in strategic areas which permit the use of those
lands which, due to their location, characteristics or the services and infrastructure
already within them, best adapt to this use in harmony with the general objective of
achieving the best possible use in order to take advantage of the potential of their
natural resources, achieve a distribution of benefits of development between the
municipalities and geographical sectors and create and maintain conditions under which
man and nature can coexist in harmonious and productive manner.”
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The objectives also establish that:

“Avoid that new activities or subdivisions create unnecessary losses of options for future
use of the resources” (See Policy 30.07).

o “Avoid the construction of structures on beach areas and dissuade those activities or
subdivisions on contiguous lands which can create obstacles for free access to the beach
by promoting free access to their panoramic views and enjoyment by all citizens.”

o “Integrate and harmonize residential development (and other projects) to the existing
natural environment, promote forestation and maintaining harmony which other
natural characteristics, such as vegetation and topography” (See Section 30.07).

» "In those exceptional cases where it is inevitable the development of polluting industries
(as defined by the EQB), those industries must be located in pre-selected locations and
that all adequate provisions are taken in order to assure that adverse environmental
impact is kept to a minimum. (See Policy 5.03).

Additional Policies established by the PRCMZP. Attune to the aforementioned general policy,
the following detailed policies are established:

Locations for coast-dependent developments

..Urban development, including those industries not requiring (or substantially benefit) of a
location in front of the coast, should whenever possible be located away from the coastline.
This is in accord with the policy established by the PRPB, which seeks to promote
development “perpendicular to the coast” in coastal cities.

...Coastal areas designated by the PRPB as apt for development of coast-dependent
industries should: (1) be protected from other types of developments and (2) be reserved
for industries which depend on the coast, except in those instances where the destruction of
natural systems is unacceptable.

... Those locations reserved for coast-dependent industries which are also important because
of their natural value, should be developed only after careful consideration and designed
with the best available alternatives in order to protect natural systems.

Implementing the Policy

A. Protecting sites for coastal-dependent industry against other kinds of
development

1. Public ownership and custody

The Government of Puerto Rico, through its agencies and corporations, is the deed holder of
various costal lands apt for development of coast-dependent activities. The majority of the
government’s coastal properties have been developed.

However, it is important that the Government of Puerto Rico retain the deeds to those lands
in order to execute and integral management plan for coastal resources and optimize the use
of coastal resources.
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Need: Create an inventory of the lands owned by agencies or public corporations apt for coast-
dependent development.

The Government of Puerto Rico should evaluate the lands property of its agencies or public
corporations to see if they are apt for coast-dependent uses and reserve their use for those
purposes.

2. Development Controls

The PRPB bases its development control process, described in Chapter 4, to prevent
developments inconsistent with locations deemed apt for coast-dependent use. The adoption
of the OPP-PRLUP strengthens the PRPB in the management of proposals incompatible with
said purpose.

B. Resolving conflicts among industrial development, natural systems and
air and water quality objectives

1. Development controls and regulations

In order to deal with conflicts in the development and use of coastal lands, several
fundamental statutes, including the “Public Policy Law on Sustainable Development”, supra,
have been passed. This law was approved with the purpose of incorporating an element of
sustainability into the Government’s public policy. The statute orders the use of all means
and practical measures with the purpose of promoting sustainable development in Puerto
Rico.

The adoption of sustainable development as a guide serves as a mean to resolve conflicts
which may arise from economic and social needs as well as protection of the natural
infrastructure. The effective combination of regulations, programs and laws - framed as an
integrated action by the PRPB - is one of the principal foundations to harmonize the needs
for coastal development with the most advanced protection of natural systems and goals set
for water and air quality. At the same, citizen participation should be promoted in the
decision-making process by the Government since it has proven to be a very useful tool.

Agencies have laws, programs and regulations to control coastal development. The PRPB
counts with a development control process, described in Chapter 4, to solve usage conflicts
in the coastal zone.

Through its Organic Law, the PRPB must prepare and adopt land use plans in order to
comply with its reason for being, which is to guide the integral development of Puerto Rico
in a coordinated fashion so as to promote, among other things, efficiency and the economic
and social wellbeing in the process of population distribution, use of lands and other natural
resources.

The PRPB is also responsible for implementing the “Commonwealth of Puerto Rico Land Use
Plan Act”, Law No. 550 of 2004, which establishes the preparation of said plan as the
Government’s public policy. The plan will serve as a planning tool to promote sustainable
development in Puerto Rico and guide public policy associated with land use, development
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and the conservation of natural resources.!3! The PRPB also evaluates the Municipal Land
Use Plans following the dispositions of the “Law of Autonomous Municipalities.”

This agency, through the “Zoning regulation for the Coastal Zone and Access to Beaches and
Coasts in Puerto Rico”, supra, has the responsibility of protecting natural reserve areas and
natural resources by not allowing new subdivisions or development which could deteriorate
or destroy them.

The PRPB also designates some of Puerto Rico’s coasts as Tourism Interest Zones (TIZ). The
TIZ’s purpose is to identify areas with touristic potential and stimulate their protection and
development through the application of current regulation regarding land use in such a
manner that it promotes uses in harmony with touristic resources within the zone and limit
uses not permitted or conflictive. However, in practice, permitted touristic uses do not
comply with current regulations, leading to many of them being approved by means of
exceptions of variations through site consultations.

An integral part of the PRCZMP is the "Regulation for Use, Surveillance, Conservation, and
Management of the Territorial Waters and Submerged Lands Thereunder and the Maritime
Zone", supra, of the DNER. This statue has among its purposes the establishment of criteria
and mechanisms for granting of authorizations and concessions for the use and enjoyment of
the maritime zone, territorial waters and submerged lands. It establishes that the enjoyment
of these resources should be conditioned to, in first instance, that the proposed use is
dependent on the water. Parting from that consideration, the DNER is evaluating the viability
of granting authorization or concession for its use.

For its part, the EQB is responsible for implementing the “Law Puerto Rico Environmental
Public Policy Act”, supra, through the incorporation of the sustainability element in its public
policy. The EIS required by said law should consider the location of projects and propose
alternatives to avoid conflictive uses in the coastal zone. Along with its operational element,
the “Regulation on procedure, presentation and evaluation of environmental documents”,
Regulation No. 6026 of the EQB, pursues the protection of resources, life and property,
including those in Puerto Rico’s coastal zone.

This agency also contains other dispositions associated with the quality of the environment
which should be considered at the moment of evaluating a location, use on industry proposal
on the coast. Among these regulations is the “Regulation for Control of Atmospheric
Pollution” and the RECA.

2. Special Planning Areas (SPA)

The protection of critical areas is a planning effort which has been an important element
within the PRCZMP since its inception. These joint efforts between the DNER and the PRPB
includes the designation of areas as NR and SPA and the development of management plans
for these and other areas which require special planning.

131 Currently, there is a first draft of the PRLUP dated to 2006. The PRPB, agency responsible for the preparation of
the PRLUP, is in the process of restructuring the land use plans at the regional level.
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The SPA are areas which include important coastal resources subject to present and future
conflict, reason for which they require detailed planning. There are eight areas designated as
SPA since 1978 with the approval of the PRCZMP. These areas are:

» Pifiones

o Southwest - (divided in three sectors - La Parguera, Guanica and Boquerén)
o Laguna Tortuguero

o Puerto Rico’s mangroves

o Isabela-Aguadilla

o Vieques

o Bahia de Jobos

e Pandura-Guardarraya

These SPAs should have their corresponding management plans with the purpose of
harmonizing preservation and conservation of these natural resources with Puerto Rico’s
socioeconomic activities.

Four of these SPA (Tortuguero, La Parguera, Pifiones and Mangroves) have management
plan officially adopted by the PRPB and incorporated into the PRLUP’s draft.132 The
management plans for the Southwest-Boqueréon SPA and Isabela-Aguadilla SPA, are
currently under consideration by the PRPB. Meanwhile, there are drafts of the Vieques and
Pandura-Guardarraya’s management plans.!33 Currently, management plans for the Guanica
and Bahia de Jobos’s SPAs are being drafted.

There is an Interagency Committee working to identify conflicts in the SPA. This Committee
is headed by the DNER and it is composed of representatives from the PRPB, EQB, EPA,
USFWS and USACE. The main goal of this committee is to identify conflictive uses which
could affect areas with coastal and marine resources.

Need: Officially adopt management plans for the SPAs and develop strategies for their
implementation with the goal of minimizing conflict of use

While many management strategies have been implemented, in some places designated as
SPA - such as La Parguera - there has been pressure felt for the demand of urban activity
along with the proliferation of sporadic development. Another area which has felt pressure
for development and counts with an adopted management plan is SPA Laguna Tortuguero.
This area has been under pressure for industrial and urban development related to the
pharmaceutical industry, quarries, and the construction of residential projects in the zone
which comprises the basin for this water body.

The SPA Jobos and Southwest, La Parguera in Lajas, are subject to constant research efforts
to provide the basis and other information needed to facilitate the evaluation of future

132 Written communication from the PRPB’s Subprogram on Land Use from November 8, 2007.
133 The draft for the management plan for this area will be sent for PRPB’s consideration.
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development proposals. The research is being conducted as part of the PRCZMP in
cooperation with Puerto Rico’s Government agencies directly committed, such as DNER,
EQP, PRPB, the Department of Economic Development and Commerce and the PREPA as well
as researchers and universities.

3. Pay special attention to the maritime front with the goal of avoid
(or at least detain) their loss due to activities deemed non-dependent or
non-related to the water resource.

The proliferation of uses not dependent on the coast obstructs physical and visual access to
the coast, aside from the fact that they constitute a risk to life, property and natural
resources. Therefore, it is of utmost importance to dissuade coastal urban sprawl and avoid
the development of structures on the coast not dependent on the water.

For decades, marine fronts have been subjected to misuse and even abandonment. In those
areas where changes in industrial processes or abandonment has occurred (as is the case of
Brownfields) now presents an opportunity to establish other uses which could benefit the
public.

Recently, many cities have recognized the development potential of maritime fronts and
have concerted efforts in renovating and strengthening their redevelopment. These efforts
are supported by certain conditions such as the existence of essential infrastructure, vacant
land with functional and aesthetic value due to their proximity to the water and in the center
of the city.
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Cities in the United States such as San Francisco and Portland, on the Pacific Coast and
Boston and New York, on the Atlantic coast, have proven how the image and functionality of
the areas in which industries are located or uses dependent on the coast can be transformed
if carefully planned so they respond to the public’s best interest. In that direction, Puerto
Rico has set forth efforts to complete the transformation of the Port of San Juan.

The redevelopment of maritime fronts can be executed in diverse ways depending on the
area’s characteristics which include: the revitalization of communities by incorporating
public access’s strategies which include boardwalks, piers, parks, green areas,
redevelopment of mixed uses, the improvement of marine transportation infrastructure for
ports and providing space for employment traditional to the coast (i.e. fishing villages).134

Need: Open transition spaces between the coast and developed areas.

When it comes to considering redevelopment of these areas, it is of utmost importance to
incorporate elements of public safety, the protection of coastal and marine resources and
prevision of future changes due to climate change. In that direction, it is important to
establish transition zones between the coast and urban development that are free of
structures, that they facilitate the use and enjoyment of natural resources related to the
coast, assets of public domain and common areas by citizens. Therefore, it is essential that
regulations which set space limits for development are rigorously enforced.

These spaces should focus on the
improvement of access to the coast,
control the long-term quality of the
environment and the protection of life and
property. Also, these spaces should be
based on the economic, social and
environmental improvement of existing
communities. 135

It is important to continually provide

ublic access to the maritime front. The
p Lineal park at the SJBE
system of open spaces should also be Picture by: CPN
strengthened with the use of connectors

and lineal parks.

134 See: Carver et al. (2007). Waterfront Redevelopment under the National Coastal Zone Management Program.
Proceedings of Coastal Zone 07. Portland, Oregon.
135 For more information refer to Coastal Council NSW, (2003). Coastal Design Guidelines for

NSw: [http://www.planning.nsw.gov.au/plansforaction/coastaldesign.asp] y Urban Land Institute,

(2004). Remaking the Urban Waterfront: [www.uli.org].
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3.3.2 SAND FOR CONSTRUCTION

Findings

Puerto Rico’ construction industry needs huge quantities of sand. The accelerated increase in
the construction of new residential complexes, roads and, in general, an ample infrastructure

in Puerto Rico has elevated consumption of sand on the Island beyond extraction
possibilities.

The construction industry depends on raw materials for production of aggregates, especially
for uses related to cement, concrete products, asphalt and derivatives. For example,
production of one cubic yard of cement requires between .50 a .55 m? of sand and between
43 a .46 m? of gravel.136

For many years, natural sand and gravel deposits were used to satisfy nearly all needs. The
deposits along the beach and dunes were exploited to satisfy much of the demand. The rest

came from primarily rivers, floodable plains and run-off plateaus.

The beaches were the principal source of sand for construction until 1965 when the
Government suspended extraction due to the severe erosion exhibited by the coasts. Quarry
operators moved their operations from the beaches to the rivers and along run-off deposits.

Residual soils were among other sources of sand that were exploited locally. Washing this
material to remove small clay particles produces fine-quality sand. However, this trench
mining practice could bring serious soil erosion and water contamination problems.

These traditional sand sources are now running out. In 1969, a study done by the U.S.
Bureau of Mines warned that many of the deposits in use would be depleted by 1975.

According to the study, by 1990, the only conventional sources remaining would be those
naturally replenished. Today, as indicated in the section regarding dunes, the dune deposits
along the Northwest are practically empty.

The deposits in Isabela, where Puerto Rico’s most developed dunes could be found, were
severely impacted by this activity (Castillo & Cruz, 1980, in Valeiras, 2007). In this area, low
prices were the main incentive to stimulate sand extraction which supplied demand not only
in the West, but also in municipalities as far away as Fajardo and Ponce.

By the same token, sands from deposits along river canals (which are located at the bottom
of rivers and are of public domain) have been extensively exploited. The best deposits have
disappeared. Even if natural processes continue to replenish some of the deposits in the
canals, the future volume of sand and gravel of these sources will be even more reduced for
the anticipated needs.

The sands in floodable plains and plateau deposits (formed during periods when rivers
overflowed their banks) still present considerable quantities. However, the most of these
deposits are located on private lands and are available only at high prices. Some of Puerto
Rico’s best agricultural lands are located in these floodable plains and run-off plateaus.

136 Information obtained from the Estudios Técnicos Inc. database
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Excessive extraction of remaining natural deposits would accentuate problems of erosion
and landform alterations. Sand extraction has increased coastal erosion and contributed to

the erosion of lands in the interior along the rivers (i.e. substantial excavation along the
rivers cause their margins to plummet during rain periods). The extraction along the run-off
plateau and other alluvium deposits have altered the landscape, giving way to the formation
of lagoons and depressions which sometimes remain for a long time after extraction has
terminated. Excessive extraction of these natural deposits will probably aggravate the
problem.

Manufactured sand, already produced in several quarries, represents a possible alternative

to natural sand. Crushed stone for the manufacturing of sand in Puerto Rico is available in
certain quantities. Aside from limestone rock, volcanic rocks is crushed in various sizes to
substitute gravel, sand for concrete and fine sand in order to meet the needs for the
construction industry. However, the quarries can cause certain environmental and health
problems among which are: destabilization of the soils, deforestation, erosion,
sedimentation of water bodies, dust and excessive noise (DRNA, n.d.).

Submerged sand deposits are another potential source of sand for construction. Geologists
have identified three submarine sand and gravel deposits which could be economically

important. The biggest of these is the Escollo de Arenas, to the northwest of Vieques, which is
estimated to contain 90 million m® of sand and gravel. The second submerged deposit is
found in Isabela, to the northwest of Puerto Rico. This sand and gravel deposit counts with
between 20 and 25 million m® This deposit, according to the USGS, is not considered
economically viable because it is composed of relatively fine sand lenses extending over high
depth waters. Furthermore, Puerto Rico’s Northwest coast is a high-energy environment
which would present an obstacle for the recovery of sand and gravel.

A third deposit can be found in Cabo Rojo, about one kilometer from the Southwestern tip of
the Island. It is estimated that this deposit contains between 8 and 12 million m® of sand. Of
the three submerged deposits mentioned, extraction from this submerged deposit poses the
least risk of impacting the beaches (Nichols, Maynard & Cerco, 1983). The combination of the
three deposits can yield an estimated 74.5 to 83.5 million m? of sand and gravel.

However, the report “Puerto Rico and the Sea” (1999) points out that DNER did analysis to
evaluate the environmental impact of the three deposits mentioned and found the best
option for exploitation, in environmental terms, would be the Escollo de Arenas. But, as the
report also points out, this would be a temporary solution to a critical situation with the
supply of sand for construction.

Responding to findings

A. Controls for extraction

The “Law on Sand, Gravel and Stone”, Law No. 132 of 1968, establishes as the Government of
Puerto Rico’s public policy the requirement of permits for excavations, extractions, removals
or dredges of earth crust components on public or private land in Puerto Rico. This law also
prohibits the granting of permits when certain circumstances occur in the maritime zone
that could affect natural resources in the area.
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Following the disposition of the law, the “Regulations for the Extraction, Excavation,
Removal and Dredging of Earth Crust Components”, supra, was adopted. This regulation
establishes that to grant or deny permits several factors must be taken into consideration
among which are the effect of the activity on adjacent areas, erosion in the maritime zone
and river banks in Puerto Rico, impact on rivers and the sea, changes in topography, tides,
sand dunes, navigation and access to public roads, among others.

B. Determine possibilities for alternate sources of aggregates for
construction

The indiscriminate extraction of sand from beaches for the construction industry has
depleted deposits to the point that it is necessary to consider other alternatives. The
granulation of beach sand makes it a preferred material for cement cover. Sand
manufactured in several of Puerto Rico’s quarries and “talc” o marble residue have proven to
be adequate substitutes. However, there still sand wholesalers in Puerto Rico who are selling
beach or river sand for construction uses.

Submarine deposits are another potential source of sand for construction. However, it is
necessary to consider the economic viability of extraction and environmental impact this
activity may have. Sand extraction from submarine deposits suggests potential
environmental damages such as: the creation of sedimentation lagoons, physical damage to
reefs caused by dredging equipment, sedimentation or removal of reefs and damage to
marine vegetation on or near the areas of extraction.

Since sand for concrete requires less refining, other sources such as manufactured sand or
gravel have been identified as alternatives to satisfy demand. However, these alternatives
are obtained from grinding limestone, which is protected under the dispositions of the
“Protection and Conservation of Puerto Rican Karst Physiography Act”, supra.

In compliance with that law, the DNER prepared the Karst Study (Estudio del Carso) in 2008
identifying the areas where extraction of crust materials is prohibited and is currently
working on amendments to the “Regulations for the Extraction, Excavation, Removal and
Dredging of Earth Crust Components” to include the prohibitions resulting from the study.

The law also disposes that as part of the study, the DNER must incorporate appropriate
alternatives within the karst zone to relocate activities subject to the prohibition.137

Need: Evaluate available technologies and innovations to find alternative sources of material
to supply industry demand.

The recycling of various materials, such as glass, plastic and concrete, is an area which
should be explored. Concrete has proven in other parts of the world to be an appropriate
material for building roads, non-structural walls and trenches, among others. Such is the
case that the Federal Highway Authority has begun studies in various states to determine the

137 This law was amended by Law No. 200 of 2007 with the purpose of establishing that the DNER must prepare and
approve a regulation geared toward protecting caves, caverns and sinkholes no later than January 1, 2009.
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possibility of implementing the use of recycled concrete aggregate for road construction.!38
The goal is to convert this into a program administered by the state transportation
authorities.

Another product which would help reduce the volume of refined aggregates and the
reduction of cement in the mortar mix is ash. Several companies around the world have
dedicated their business to the distribution of ash. These companies specialize in the sale of
ash prepared with additives which increases the material’s resistance. These materials must
be imported.

The importation of sand can also be an alternative, but for this to be seriously considered
economic viability studies will be needed and reassurances that this practice is not adversely
impacting the material’s origin. The same should also be applied to sources of sand
previously mentioned.

3.3.3 MINERAL DEVELOPMENT

Findings

Puerto Rico has limited commercial mineral resources. In the past, mine development in
Puerto Rico had a certain degree of success. The first colonists dedicated themselves to the
search for gold and it is estimated that approximately 1,200,000 ounces of gold were mined
from year 1509 to 1579, when gold mining ceased because the deposits, and the work force,
were depleted.

In the Southwestern coast there was salt production by evaporation of the sea water. Over
the last years, the only local salt production has occurred in the Salinas de Cabo Rojo.
However, supplies were not sufficient to satisfy demand for this product. Today, these lands
are part of the Boquer6n Commonwealth Forest NR and the Cabo Rojo Wildlife Refuge.

Metals have not been exploited in Puerto Rico since the iron mines in Juncos were closed in
year 1953 and currently, rebuilding the mining industry does not seem probable. As
mentioned in the previous section, the extraction of earth crust material to supply demand
for the construction industry has become the most important mining activity in Puerto Rico.

Among the most important metallic minerals found in Puerto Rico are copper, nickel and
some iron. Currently, many of the natural deposits of these minerals are scant and only have
importance in terms of scientific research, although there are some which may be of
economic interest. However, the majority of these mineral resources do not have the
condition, quantity or quality to be exploited commercially.13°

These are the most important, or best known, metallic minerals:

138 The study is being done in conjunction with the EPA, the American Concrete Institute (ACI) and the American
Association of State Highway Transportation Officials.

139 In the region of Utuado Lares and Adjuntas deposits of copper, silver, gold and other minerals associated with
copper exist. The exploitation of these mineral deposits was a subject for debate in the 1960s, 1970s and 1980s. In
the mid 1990s the Government of Puerto Rico prohibited exploitation.
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Copper

Copper is the most abundant mineral in Puerto Rico and is found mainly in Puerto Rico’s
mountainous interior.14 Geologists have found other deposits along the coastal regions in
Lajas, Guanica and Aguada. However, their exploitation would cause an ecological disaster,
reason why proposals to extract these resources were denied.1#

Fuels

Fuels are divided into organic fuels such as oil, gas and carbon and radioactive fuels such as
uranium and thorium. The future of fuels is not as promising as that of metallic resources
since very little exploration regarding their existence has been done.

Gas and oil

0il is a liquid hydrocarbon mineral which is found in places rich with sedimentary rock and
is created by the decomposition and accumulation of plants remnants and animals which
lived millions of years ago.

In Puerto Rico, two possible oil deposits have been found beneath the interior volcanic
complex.1#2 The quantity of oil available in both places is not significant, but its mere
existence indicates the possibility of other deposits beneath the limestone formations along
Puerto Rico’s Northern and Southern coasts.

Between the years 1959 and 1969, the Kewanee Inter-American Oil Company punctured
three exploration wells along the South coast with depths of 2,280 meters, 1,500 meters and
1,265 meters. In 1956 the Mining Commission granted A.D. Fraser a permit for exploration
in the North coast, who after performing aeromagnetic studies contracted Kewanee to
puncture one well on a property at Barrio Islote in Arecibo and reached a depth of 1,960
meters through 1,706 meters of tertiary rock. Although neither oil nor the natural gas that
usually accompanies it was found, valuable information was obtained which was thought
would be useful for future exploration.

Information gathered up to this point is not sufficient to determine if indeed there is oil
beneath Puerto Rico’s surface, but it those prove that the nature of the rock beneath the
Island is appropriate for the accumulation of oil or natural gas.

Public Policy

The OPP-PRLUP establishes public policy regarding renewable and non-renewable
resources. In order to insure proper management and prudent enjoyment of these resources,

140 There are sites in the central mountainous region which includes Utuado, Jayuya, Adjuntas, Lares, Barranquitas,
Morovis, Ciales amd Corozal. Copper sites also exist in Humacao, Gurabo, Juncos and Caguas.

141 Tree areas of high copper content, known as Piedra Hueca, Cala Abajo y Tanam4, were discovered by the
American Climax Inc. and the Kennecott Copper Corporation in a period of exploration between 1958 and 1965.
After perforating 336,011 feet in 371 drills, the companies estimated the deposit at 243.5 million tons of copper.
The Mining Commission estimated approximately 300 million tons of copper ore with a minimal cut of 0.3%, using
the design of the proposed mine for the company.

142The USGS reported about the existence of oil filling some of the limestone creases seen around the municipalities
of Coamo and Aibonito and an emanation of oil along a fault zone off the Northeast coast of Ponce.
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the declaration of policy requires that these resources be identified and their potential to be
damaged or depleted be evaluated. For the development of these resources, the declaration
of policy establishes:

"..promote the prudent use of the different identified resources in this inventory in a
manner consistent with the conservation of those renewable resources and at the
appropriate time in the case of non-renewable resources” (See Public Policy 29.00).

“Develop management and conservation plans for non-renewable resources (minerals)
which guarantee environmental quality.” (See Public Policy 34.00).

As previously explained in the section about coast-dependent industries, the PRPB also
proclaimed that options for future use of these resources should also be explored.

Implementing the Policy

The Administration for the Conservation of Water and Mineral Resources, a DNER
dependency, is responsible for establishing and implementing policy regarding these
resources and advises the PRPB and RPA regarding mineral, geological and archeological
resources, among other topics. It also advises the Secretary of DNER in the formulation of
public policy regarding mineral resources and is responsible for implementing the laws
associated with those resources.

The “Law on Mining in Puerto Rico”, Law No. 6 of 1954, establishes the Government of
Puerto Rico’s public policy on exploitation and use of mineral resources. This law establishes
as the Government of Puerto Rico’s policy the exploitation of minerals in a manner
compatible with the conservation of other resources and with the protection of their
environmental value. Under this law, the “Regulation for the exploration, leasing and
production of Commercial Minerals in Puerto Rico”, Regulation No. 499-A, was adopted.143

The “Law for the Development of Puerto Rico’s Mineral Resources,” Law No. 145 of 1975,
established the Puerto Rico Corporation for the Development of Mineral Resources which
was a public corporation with the financial and operational capacity to execute the
development of mining policy as established in the “Law on Mining in Puerto Rico”, supra.

Due to the Government of Puerto Rico’s public policy of prudent development of its natural
resources, it is necessary to identify the places where mineral resources exist, evaluate their
impact, viability and need for the future. The section on Uses Dependent on the Coast
discusses the means to respond to this need.

143 Amended by DNER Regulations 957 and 1367.
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3.3.4 ENERGY

Findings

Puerto Rico depends almost exclusively on imported oil to satisfy its energy requirements.
Puerto Rico depends on limited energy sources to satisfy a continually growing demand,

while other more abundant energy sources are not being proportionally used.

0il is the principal source of energy in Puerto Rico. Aside from oil, other energy products,
such as natural gas and gasoline derivatives are imported and used as fuel for generation of

energy and transportation. Approximately 77% of electricity is produced by the PREPA
through burning fossil fuels. Close to 13% of the electricity is produced by natural gas
imported and processed by a private company (Ecoeléctrica) which sells it to PREPA.
Applied Energy System (AES) is another private company which produces closet o 14% of
the electricity by burning coal and only 1% of the electricity is produced by hydroelectric
plants in Puerto Rico.144

PREPA is the main provider of electricity in Puerto Rico. PREPA is a public corporation
established in 1941 to produce, transmit and distribute practically all of the electricity

consumed in Puerto Rico.

The electric energy is generated by five principal power plants: Costa Sur, Complejo Aguirre,
Palo Seco, San Juan and Arecibo. The installed generating capacity is 4,397 MW. There is a
geographic imbalance in distribution capacity in the electric system since 62% (2,600 MW)
of the total generation comes from plants located in the South coast: Guayanilla (Central Sur)
and Salinas (Central Aguirre). These plants are far from the area of most demand, making the
system vulnerable to weather events and earthquakes.14>

As a consequence of the investment in infrastructure, consumption and production of

electricity in Puerto Rico, it has showed a growing trend in the past 15 years. The area

which has gained most ground is residential consumption which represented 37% of the
total electricity consumption for 1991, while increasing to 43% by 2007. During this period,
commercial consumption remained stable averaging about 37% of consumption, while
industrial consumption went down from 24% in 1991 to 20% in 2007 (See Appendix 2).

144 Puerto Rico's Energy Market. Ecoeléctrica: Retrieved online on April 16, 2008 from:
[http://www.ecoelectrica.com/electricmarket/index.html].

145 The transmission system is composed of 3,512 km of transmission lines of 230KW. It counts with 174
transmission centers. Distribution lines add up to about 44,800 aerial kilometers and 1,732 km underground. Part
of that system includes 308 substations.
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GRAPHIC III-3. PRODUCTION AND CONSUMPTION OF ELECTRIC ENERGY IN PUERTO RICO
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GRAPHIC III-4. DISTRIBUTION OF PUERTO RICO’S ELECTRIC ENERGY CONSUMPTION
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Puerto Rico’s energy problem takes on a new dimension due to the high cost of oil.
Historically, Puerto Rico has depended and benefitted greatly from importing cheap foreign

oil, mainly from Venezuela.14¢ The availability of cheap energy was one of the key elements
for the industrial promotion program in Puerto Rico.

Cheap oil also attracted three refineries to the Island: Caribbean Gulf Oil in Bayamdn, on the
North Coast; Sun 0il, in Yabucoa on the Southeast coast; and the Commonwealth Oil Refining
Company (CORCO) in Pefiuelas, on the South coast. These refineries satisfied all of the
Island’s needs and also produced refined derivatives for exportation. The refining industry
and the production of oil derivative products, on whose vigorous impulse rested the hope of
economic development in 1960s and 1970s, vanished when in the middle of an energy crisis,
then-U.S. President Richard Nixon implemented oil reforms in 1974. With the end of the
advantages which favored refineries in Puerto Rico, by 1982, the most important refinery,
CORCO, had ceased operations on the Island.

Today, the price for the barrel of oil is continuously increasing. In the last two fiscal years
(2006-2007) the average price for a barrel of oil has been $63.78, an increase of 31% or
$15.06 per barrel.

GRAPHIC III-5. PRICE OF THE FUEL OIL BARREL
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146 Pyuerto Rico received special treatment in 1959 and then in 1965 under the U.S quota system to import crude oil
from foreign sources.
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Puerto Rico counts with limited options to continue importing fossil fuels for generating
electricity. Importing energy is not a viable solution, reason why searches for viable options

for energy sources continue. Nuclear energy was a possible alternative, but its high cost and
the potential environmental risks and public safety risks hindered its use. Other alternate
sources have been studied through pilot programs since 1970s.

Over the last decades, emphasis has been placed on the development of alternate mechanism
for the generation of energy due to the rises in oil costs, the development of new
technologies and a rise in environmental awareness. Among those new efforts is the use of
bio-diesel, solar energy, wind power, thermal energy and energy recovery through solid
waste. The search for energy from the ocean, such as oceanic gas could prove to be an option
since Puerto Rico counts with 805 km of coastline.

Public Policy

A. Established policies

1. OPP-PRLUP

In the OPP-PRLUP-1995 of the PRPB a series of general policies applicable to energy-
generating installations are established. Among these are:

“Avoid by the establishment of new activities, or by the authorization of subdivisions,
the unnecessary loss of options for future use of resources”(See Policy 30.07). (This
policy, for example, has the purpose of avoiding the loss of options which could come
with the location of residential projects in areas apt for location of energy installations).

“Concentrate industrial developments on lands more appropriate for that use and
promote the most intensive use of those lands” (See Policy 5.00).

“Avoid the establishment of polluting industries with the exception of those whose
exclusion would seriously affect Puerto Rico’s economic development” (See Policy 5.02).

“In those exceptional cases where it is necessary for the development of Puerto Rico to
establish polluting industries (as defined by the EQB), those industries would be located
in pre-selected areas and taking into account adequate provisions so the adverse impact
to the environment is minimal” (See Policy 5.03).

“Concentrate the location of these industries in regional industrial parks, previously
designating lands meeting the before-mentioned characteristics, avoiding possible
sprawl through individual locations, separated one from the other, making an exception
for atypical industrial projects which could require particular special locations” (See
Policy 5.04)

"Direct infrastructure regarding electricity in such a manner that it stimulates and
promotes energy policy geared toward cogeneration and diversification of energy
production” (See Policy 22.00)
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2. Policies on coastal-dependent development

Attune with the policies previously discussed, the PRCZMP established more detailed
policies which affect energy-producing installation. (See section on Uses dependent on the
coast)

..Urban development, including those industries which do not require (or substantially
benefit) from a locating in front of the coast, should, at all possible extent, be located
away from the coastline. This is in accordance with PRPB policies which aim to stimulate
development “perpendicular to the coast” in coastal cities.

...Coastal areas designated by the PRPB as apt for industries which depend on the coast
should, at all possible extent: (1) be protected from other types of development and (2)
be reserved for industries which depend on the coast, except those instances in which
destruction of natural systems is deemed unacceptable.

... Those places reserved for industries dependent on the coast, but which are also found
to be important due to their natural value, should be developed only for that industry
after a careful evaluation of its location and the design of available alternatives for the
protection of natural systems.

3. Additional policies

“Law No. 128 of 1977” created the Energy Affairs Administration (EAA) and orders the
formulation of energy public policy for Puerto Rico. This policy was adopted by the
Government of Puerto Rico in 1993 through Executive Order OE-1993-57. This policy orders
PREPA, DNER, the DTPW and EAA to establish strategies for management of energy
sources.47

Implementing the Policy

A. Institutional framework

“Law No. 128 of 1977” established the Office of Energy and established its functions, duties
and objectives. These functions and faculties were transferred to the EAA148 and include:

(2) Recommend, develop and implement Puerto Rico energy public policy, which
should be updated at least every four years;

(3) Promote energy efficiency;
(4) Promote diversification of conventional and renewable sources;

(5) Recommend to the Secretary of DNER the approval or disapproval of an
increase in energy-generating capacity in excess of one MW;

(6) Promote alternative sources of energy;

147 See: Committee on Cogeneration for the Puerto Rican government (1993). Energetic Public Policy for Puerto
Rico.

148 The faculties of the Office of Energy were transferred to the Secretary of Consumer Affairs in 1993, through the
Reorganization Plan of 1993, known as the Reorganization Plan No. 1, the DNER was created along with the EAA.
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(7)  Identify Puerto Rico’s energy needs

In compliance with the responsibilities delegated upon it, the EAA promotes and performs
studies and investigations, determines the importance of Puerto Rico’s energetic needs;
coordinates policies of general application which could be put into effect and develops
energy conservation plans, among other duties.

The EAA commissioned UPR-Mayagiiez a study entitled “Achievable Renewable Energy
Targets for Puerto Rico’s Renewable Energy Portfolio Standard”, completed in 2008. The
purpose of the study was to provide a guide regarding the minimum reachable amount of
renewable energy needed to be integrated into the portfolio of resources for energy
production in Puerto Rico. According to the authors, this study could serve for the inclusion
of a substantial amount of renewable energy resources in the production of electricity as
part of Puerto Rico’s public policy on energy.

This study included, among other renewable sources: waste-to-energy, micro-hydroelectric,
oceanic energy (waves, tides, submarine currents, thermal), solar radiation and wind.14°

Currently, there two projects in development which are the biodiesel project and the wind
energy project.150 PREPA financed the Biodiesel for Puerto Rico Project!5l. In 2004, Biodiesel
of Puerto Rico began operations in Guaynabo with a target production of 50,000 gallons a
day of that fuel. The company reached agreements with four other municipalities (Bayamon,
Caguas, Toa Baja and Juncos) in which the agency will cover the difference in cost between
biodiesel and regular diesel.

The EAA is also the proponent agency for the first commercial scale wind farm in Puerto
Rico. The project by the Windmar Company, consists of 25 windmills in a 725-cuerdas
property in Barrio Boca in Guayanilla. It is estimated that this wind farm will have the
capacity to generate 110 million kWh/year, the equivalent of the electricity consumed by
23,000 families. However, its contiguous location to the Guanica Commonwealth Forest NR,
is reason for concern for some sectors, particularly due to the scale of the project and its
location next to an area of such sensitive natural resources.

B. Puerto Rico energy plan

To comply with the Public Policy on Energy for Puerto Rico, PREPA adopt the “General
Strategic Plan for Generation” in 2002, which aimed to guarantee energetic growth in Puerto
Rico, reduce energy costs, diversify sources of fuel, diversify geographical location of sources
of generation, minimize environmental impact and diversify the agency’s sources of income.

149 Recovered from webpage: http://www.uprm.edu/aret/. The estimate is produced by using realistic restrictions
such as: the availability of the resource considering its variables, superficial area needed for conversion technology
"footprint"), state of technology for conversion and investment costs

150 [nformation on EAA comes from written communication from the agency on October 25, 2007.

151 Biodiesel is a renewable fuel which can be produced from vegetable oils and used fats. This fuel is biodegradable,
reduces polluting agents such as: particles, carbon monoxide, hydrocarbons and others. Biodiesel mixture with
regular diesels could be used in diesels motors without modifying them.
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As part of this plan, PREPA has been in contact with proponents of projects for generation of
energy through the ocean. PREPA is also studying the use of biodiesel in its generation plants
while several “waste to energy” proposal are being evaluated.

C. Protecting sites suitable for power plants and other energy related
facilities

In the early 1970s, PREPA was forced to abandon plans for a nuclear power plant in Aguirre,
on the South coast, mainly because of environmental and geological problems with the
location. As a result of this experience, PREPA revised locations with potential for building
energy-generating facilities and submitting a list of 16 locations with the EQB, which finally
approved five: Costa Sur, Complejo Aguirre, Palo Seco, San Juan and Arecibo.

Currently, due environmental criteria and population density in the coastal areas, locating
facilities of this nature in Puerto Rico is not viable. However, it is necessary to identify areas
with the potential to locate installations for sources of renewable energy.

In 2008, the EAA presented the “Puerto Rico Wind Source Mapping” project, which included
maps of wind resources for the whole Island. These were part of a study done by AWS
Truewind, and commissioned by the US Department of Energy. The study found that Puerto
Rico counts with areas with wind potential along coastal zones and atop mountain ranges.

3.4 RECREATION

Findings

The coast of Puerto Rico offers a rich variety of recreational opportunities.!52 The diverse

characteristics of Puerto Rico’s coasts offer alternatives for everyone’s enjoyment. The
beaches are the most recognizable attractions, but the coasts also offer other resources such
as lagoons, bioluminescent bays, coral reefs, islets, cays and the open sea.

The diverse recreational activities - or those
which are potentially accessible - include:
swimming, sun bathing, underwater activities
such as deep sea diving and snorkeling,
recreational fishing and surfing, among others.
Aside from the activities based on the beach
and the sea, there are other opportunities
which take advantage of the unique
characteristics of the coast including camping,
mountain climbing and bird watching.

According to the “Study of Comprehensive

Recreational use of coastal resources
Outdoor Recreation in Puerto Rico” (SCORP) of

Picture by: Estudios Técnicos, Inc.

152 Detailed information regarding recreation can be found in the "Commonwealth of Puerto Rico State
Comprehensive Outdoor Recreation Plan" 2008-2013, prepared by Estudios Técnicos, Inc.
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2008, prepared by the NPC, there are 3,919 outdoor recreation facilities inventoried in
Puerto Rico. Twelve of these are public beaches with complete facilities and 201 are open
beaches.153 Also, 52 places were underwater activities are practice, 27 marinas, 47 anchoring
zones and 73 boat ramps were identified.

Although statistics related to outdoor recreation are limited, there is some data available
regarding the participation and preferences of Puerto Ricans in these types of activities. This
information can be considered even more important than economic statistics because it
deals with physical and emotional wellbeing of the population (Chaparro, 1998). The SCORP
(2008-2013) compiled information of this nature and among its principal results reported
that among the aspects people enjoy most about outdoor activities are: being able to spend
time with family and friends, improvement of physical health, contact with nature and
strengthening of emotional health.

According to that study, for the majority of people the enjoyment of outdoor recreational
activities is “very important” or “pretty important.” However, many people expressed
dissatisfactions, among which were: little available information about places for recreation
and activities which can be practiced in those places, the lack or ineffectiveness of security
measures established by authorities to protect users, the lack of facilities for the
handicapped, lack of public transportation, the problems with access to recreational areas
for the general population and the lack of parking facilities.

Recreational development in Puerto Rico has traditionally been concentrated on active

recreation and competitive sports. Many recreational installations concentrate on sports

such as baseball, basketball or track and field. This has been a reflection of governmental
initiatives!54 and the requisites of local planning regulations, particularly the “Subdivision
and Urbanization Regulation”, Regulation No. 3 of the PRPB.155

Practically half of the installations inventoried by SCORP (1,955 out of 3,919) were
municipal or community parks. This has resulted in more recreational opportunities for the
youth than for other segments of the populations, including the handicapped and the elderly.

However, Puerto Rico still has a recreational potential to develop since public beaches only
respond to part of that potential. Excellent opportunities exist to develop outdoor recreation
activities associated to the coast that, if carefully planned and developed, have the potential
to protect associated natural resources. Some examples are: sightseeing, study of nature and
other means to appreciate natural resources along the coast in their original state.

Participation in recreational aquatic activities, both active and passive, has increased
significantly in recent years. According to the SCORP, water activities were the most popular

among all outdoor activities in Puerto Rico.15¢

153 Beaches visited to practice some sort of outdoor recreational activity which are not public beaches nor count
with basic facilities.

154 Starting in the 1960s, the Recreation Development Company began construction of several vacation centers
throughout Puerto Rico which included public beaches, villas and sports complexes.

155 This regulation requires all new residential projects to include basic common spaces for recreation, education
and cultural and commercial activities.

156This and walking occupied first place in the survey.
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It should be noted that aside from their social importance, recreational activities on the
coastal zone has economic benefits for Puerto Rico. According to the study “Economic
Valorization of the coral reefs and associated environments in the East of Puerto Rico:
Fajardo, Arrecifes La Cordillera, Vieques and Culebra”, commissioned by the DNER, it is
estimated that nearly 394,269 people visited the area of the study in 2007 and spent
$192,027,166 in nautical and water activities, among others.

TABLE II11-17. CONSUMERS SURPLUS BY USE

Consumers surplus by use

Users on the east Users

side of Puerto Rico™ expenditure

Enjoyment of beaches

394,269 $2,974,542
I::::icql activities: Including sport fishing, boat trips and multiple activites utilizing a 138,796 $188,578,916
Kayak trips 10,782 $233,776
Underwater activities: Including snorkeling and diving 2,126 $239,932
Total $192,027,166

) This column cannot be added because users could have practiced more than one activity in the study area during the 12 months previous to the survey.

Source: DRNA. (2007). Valoracién Econémica de los Arecifes de Coral y Ambientes Asociados en el Este de Puerto Rico: Fajardo, Arrecifes La Cordillera,

Vieques y Culebra.

The study also evidenced that nautical activities, including sports fishing, are practiced with
intensity in Puerto Rico (See section on fishing). In Puerto Rico, there are approximately 27
nautical installations with more than 3,007 piers.
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TABLE III1-18. MARINAS IN PUERTO RICO

Marinas in Puerto Rico

Name of the Marina

Aguadilla Yacht Club

Club Nautico El Parterre
Arecibo Yacht Club

Club Ndutico de Arecibo
Club Nadtico de Boquerédn
Bahia Marina Boquerén
Boca Cangrejos Yacht Club
Isleta Marina

Conquistador Marine
Marina Puerto del Rey
Puerto Chico Marina

Sea Lovers Marina

Villa Marina Yacht Harbour
Club Néutico de Guayama
Club Nadtico Pozuelo
Karolette Charter

Marina de Palmas

Palmas Shipyard Marine
Marina Harborside

Club Deportivo del Oeste
Club Ndutico de la Parguera
Club Néutico de Mayagiez
Club Nadtico de Ponce

Marina de Salinas

Salinas Marine & Posada El Néutico

Club Néutico de San Juan
San Juan Bay Marina

Total

Source: Data compiled by Estudios Técnicos, Inc. (2007).

Municipality

Aguadilla
Aguadilla
Arecibo
Arecibo
Cabo Rojo
Cabo Rojo
Carolina
Fajardo
Fajardo
Fajardo
Fajardo
Fajardo
Fajardo
Guayama
Guayama
Humacao
Humacao
Humacao
Humacao
Joyudas- Cabo Rojo
Lajas
Mayagiez
Ponce
Salinas
Salinas
San Juan

San Juan

Quantity of
docks

100

85

111

150
306
21

750
280
150
250

42
33
17

170
60

160
101

96
125
3,007

The intensity of nautical activities in Puerto Rico is also evidenced by the abundance of

vessels on its waters. According to data submitted by the Commissioner of Navigation of
DNER, there were 62,360 registered vessels in Puerto Rico. Between 1994 and 2007, there
was an average yearly growth of 4.3% in the number registered vessels. This data also

includes commercial fishing vessels, recreation vessels and charters.
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GRAPHIC III-6. BOATS REGISTERED IN PUERTO RicO
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Source: DNER. Commisioner of navigation.

However, it is estimated that the number of recreation boats in Puerto Rico is greater than
the numbers reflected in government statistics. From interviews with industry insiders, it is
considered that there are at least 300 boats - the majority of which are over 40 feet - which
regularly anchor in Puerto Rico’s piers and marines. These boats however, are registered in
Miami where it is likely that they were purchased.

Puerto Rico’s tourism industry, which makes an important contribution to the economy,
depends on marine and coastal resources. In Puerto Rico, much of the tourism activity takes

place in the coastal zone. Traditionally, Puerto Rico has promoted tourism through the sun
and beach, resulting in great demand on marine and coastal resources. Data from the PRTC
reflects that for 2006, Puerto Rico received more than five million people who spent $3
billion. Of these visitors, 28% stayed in hotels, 45% stayed in other places, 26% were visitors
in transit, including 1.3 million!57 who were cruise ship passengers or military personnel.
(See Appendix 2).

It should be noted that there are more than 170 places for lodging with approximately
14,684 rooms.158 It is evident that this is a stable industry which presents moderate growth,
making it of utmost importance the need to enforce existing laws and regulations in order to
conserve the resources which this economic activity depends upon.

157 Source: PRPA. Maritime Statistics Report. 2006.
158 Data from the PRTC. 2006.
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GRAPHIC III-7. VISITORS OF PUERTO RICO AND THEIR EXPENDITURES
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Source: PRTC, 2006. Graphic made by Estudios Técnicos, Inc.

The “Puerto Rico and the Sea” (1999) report recognized the problem created by the fact that,
while there is economic growth (due to the growth of the tourism industry) the coasts and
beaches receive the impact of multiple conflicts between uses and users. The report points
out that while beaches are the focal point for promotional material directed toward the
tourism market, the government has not adequately invested resources on them. At the
same time, the report states that this practice eventually will result in the loss of: visitors,
commercial opportunities, income generated by tourist expenditures, diversity of
recreational opportunities that contribute to the quality of life as well as physical and
emotional wellbeing, jobs related to tourism, marine recreation and related industries and in
last instance, the loss of physical and visual access to the beaches (Beller et al., 1999).

Recreational activities without controls have a negative impact on marine and coastal

resources. The amount of resistance for recreational activities associated with the coastal
zone is unknown. Some of the activities which have an impact on the health of the resources
include, overfishing, anchoring on top of coral reefs and marine vegetation, the breakage of
corals caused by carelessness from visitors and the contamination of water due to trash and
fuel from vessels, among other substances.

There are multiple underwater activities, such as snorkeling and harpoon fishing, which tend
to happen in areas with fragile ecosystems and great ecological and scenic value like coral
reefs. Harpoon fishing is particularly threatening to these systems due to the fact that it is an
activity highly invasive on the ecosystems and often results in damage to coral structures by
direct impact with the surface of the coral or instruments left in the area. This practice in
zones of public use also represents a health and safe risk for other users. Also, the excessive
use of motor vehicles on the water causes the stirring of sediments, contributing to turbidity
in the water.
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Responding to findings

A. Planning, developing and operating of public facilities

The NPC, administrative unit of the Department of Recreation and Sports (DRS) in the Puerto
Rico Government agency responsible for overseeing outdoor activities. The NPC manages
recreation installations, including urban parks, theme parks, public beaches, camping areas
and vacation centers.

It is also the agency responsible for formulating and updating the SCORP every five years,
which is a planning instrument to determine the needs for outdoor activities and establishes
priorities directed toward the protection of resources used in this type of recreation.
Through the SCORP, Puerto Rico is eligible to receive funds from the Land and Water
Conservation Fund for the planning and development of installations for outdoor recreation.

The SCORP has a component which recognizes the important of wetlands as a resource for
outdoor recreation.’>® The DNER is responsible for identifying and including those wetlands
with potential for outdoor recreation which should be acquired for their conservation.

The NPS also intervenes in SCORP since it is responsible of revising and approving the
document. Other government agencies which manage recreational installations or which
contribute to formulate or implement public policies regarding recreation include - at the
federal level - the USFS and the USFWS and at the local level the PRPB, the PRDH, the
Department of Education and IPRC. The municipalities also have responsibilities in this
matter. The DNER, for its part, regulates activities and recreational development in the
forests and reserves under its custody.

B. Access to the coasts: beach facilities and services

Access to the coasts needs to be improved in order to optimize recreational opportunities for
these areas. It is also necessary to improve facilities and maintenance on the beaches,
particularly cleaning, security and safety, including lifeguards. (Both topics are discussed in
the section regarding Beaches). As mentioned in the section “Coast dependent uses,” there
are coastal areas with urban characteristics which can be transformed into spaces for public
use for passive recreation by using boardwalks and piers, among others. In this manner,
spaces are provided for recreation, secures access for the public to the coast and basic
facilities are provided, including trash cans and ramps for the handicapped.

Need: Provide more opportunities for public access through the promotion of installations with
access to the sea and recreational fishing in Puerto Rico.

The rise in cost of public spaces on the coast, particularly in the North, has made it difficult to
identify spaces for the development of infrastructure projects geared toward recreation.
This evidences the need to designate areas to promote installations with access to the sea
and for recreational fishing in Puerto Rico. This exercise can be considered through plans to

159 The Land and Water Conservation Fund Act de 1965 (Public Law 99-645) was amended by the Emergency
Wetlands Resources Act to the wetlands component to SCORP.
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acquire lands for this specific use or as a result of negotiations from mitigation in large-scale
projects.

C. Regulations and safety for recreation

By virtue of the “Puerto Rico Navigation and Aquatic Safety Act”, Law No. 430 of 2000, the
“Regulation for the registration, navigation and water safety in Puerto Rico”, Regulation No.
6979, was adopted.

This regulation’s purpose is to oversee the registration and enumeration of vessels, establish
safety equipment and measures, protection, the enjoyment of marine recreational practices
in Puerto Rico’s waters, establishment of measures geared toward protecting flora and fauna
as well as other natural resources which could affected by aquatic recreational activities,
among other matters.

With the purpose of reducing discharges of used waters from recreational vessels, the U.S.
Congress passed the “Clean Vessel Act” in 1992. This law paved the way for the
establishment of the Clean Vessel Program, whose primary purpose is to provide funds for
the construction, operation, installation and maintenance of pumping stations thus vessels in
the U.S. waters can properly dispose used waters. This subsidy would cover to a maximum of
75% of the cost of purchase and installation of the equipment. Due to the fact that the funds
were available until 1997, marinas have been responsible for this expenditure since that
date.

Another law is the CWA, which disposes that since 1996, recreational boat owners cannot
discharge used waters from their vessels onto bodies of fresh water or into coastal waters.160

D. Promotion of sustainable recreation and tourism practices

The “Law on Public Policy for the Development of Sustainable Tourism in Puerto Rico”,
supra, recognized the importance of wisely using Puerto Rico’s cultural and natural
resources in a manner that economic activity in the long-term remains viable. Through this
law, the public policy for development and promotion of sustainable tourism is established
as is the Office for the Development of Sustainable Tourism. This office is responsible for,
among other things, prepare the Master Plan for the Development of Sustainable Tourism in
Puerto Rico, currently in the process of the being drafted.

This office also works in coordination with the PRPB in the establishment of parameters for
planning and development of tourism projects, makes recommendations, if necessary,
regarding new zoning districts or changes to existing ones thus lands ideal for this activity
are reserved. Other responsibilities of this office include the identification of natural and
environmental resources with ecotourism potential and promote the participation of diverse
sectors of the population in this aspect.

160 [n Puerto Rico, all vessels larger than 26 feet and with a closed cabin must have on board a functional toilet while
navigating Puerto Rico’s territorial waters.
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Need: Require prior to the approval of any tourism proposal, even if it is traditional tourism, an
analysis of factors such as: limits of acceptable change, the ecological footprint of the
development and the capacity to manage the natural and environmental resource.

While the “Law on Public Policy for the Development of Sustainable Tourism in Puerto Rico”,
requires an analysis of the afore-mentioned factors for any sustainable tourism project,
there are multiple existing projects in the coastal zone making intensive use of coastal and
marine resources. Therefore, it is recommended that these projects are asked to submit an
analysis of the afore-mentioned factors in addition to the traditional requisites.

E. Stimulate multi-sector collaboration in order to provide recreational
opportunities

Recreational opportunities can be provided through multi-sector collaboration. For example,

in the Humacao Natural Reserve, the community organization PECES, the DNER and the

PRTC are working together through a collaboration agreement in the development of

facilities and the creation of small businesses.

Public investment in recreation should satisfy diverse groups, particularly those with no
economic means to cover certain activities. Some specialized installations for certain groups
(i.e., installations for nautical activities) can be provided through private investments.
However, these must be subjected to the compliance of regulatory requisites regarding
access to the coast. The possibility of granting such concessions should be evaluated in the
interest of enriching recreational opportunities without jeopardizing rights of access, safety
and the conservation of coastal and marine resources.

3.5 TRANSPORTATION

Findings

The transportation network is a major determinant influencing the location of urban and
industrial developments. This situation is magnified in an Island with 3.89 million

inhabitants where, in 2005, the automobile density was 0.72 registered vehicles per
person.161 The road network has expanded significantly in response to the constant demand
from private vehicles. The total dependency on private vehicle, as a result of the lack of mass
transportation options and urban sprawl in Puerto Rico, represents a serious economic,
environmental and social problem. Highways and avenues increase mobility and
accessibility in many parts of the coast. However, these roads have also contributed to urban
sprawl and the dependency on automobiles to gain access to work, residential and
recreational areas.

The main network of roads has been built around the Island’s periphery and through the
coastal plains. Despite the fact that the principal expressways connect the North and South
coasts, en extensive network of roads has been expanded throughout the island. It is
estimated by in the year 2003, the density of roads was 3.4 km per km? of surface (Lugo in
Lépez & Villanueva, 2006). Avenues, expressways and roads fragment habitats affecting and

161 DTPW. Bureau of Driver Services. Division of Statistics.
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eliminating flora and fauna, increasing volumes of run-off water, altering flow in water
bodies and the level pollutants that these receive and lead to their degradation.

Buses, piiblicos'%? and taxis provide public transportation. In the SJMA, bus service is
provided by a public corporation known as the Metropolitan Bus Authority (MBA). The SJIMA

also counts with the Urban Train which transits through Bayamoén, Guaynabo and San Juan.
It is contemplated it will eventually be part of a multi-modal system, the Integrated
Transportation Alternative (ITA) in the SJMA, which will integrate other means of
transportation which include ferries, taxis, ptblicos and the MBA. Private companies which
offer transportation service between the Island’s main cities also exist.

The use of ptiblicos as a transportation alternative has been substantially reduced in recent
years. These constituted practically the only means of transportation between communities
and work and service areas for those who did not have access to an automobile. Starting in
1980, however, ptiblicos service has been greatly reduced as a result of an increase in private
automobiles, urban sprawl and operation costs, particularly the increase cost for gasoline
(DTOP, 2005). Private taxis complement transportation services on the Island.

The bicycle is envisioned as an important part of the transportation network. The need to

integrate non-motored transportation means into Puerto Rico’s transportation network has
been recently recognized. At the federal level, the following laws have been approved: “The
Intermodal Surface Transportation Efficiency Act” of 1991 (ISTEA); The “Transportation
Equity Act for the 21st Century” of 1998 (TEA-21) and the “Safe, Accountable, Flexible and
Efficient Transportation Equity Act” of 2003 (SAFETEA).

At the local level, DTPW counts with the “Policies and strategies for the development of the
Transportation System in Puerto Rico” and is responsible for preparing the “Long-term Plan
for Intermodal Transportation in Puerto Rico.” The agency has also implemented programs
for the integration of transportation with the environment by promoting walking and
bicycling as means of transportation. Through the “Brighten Transportation Program” the
development of lineal parks, such as Paseo de Pifiones, is in the process.

Meanwhile, the Program for Pedestrian and Cyclists is also working with the “Plan for non-
motorized means” which is a component of the “Metropolitan Transportation Plan San Juan
2025.” As part of this plan, the DTPW and DNER work in the identification of routes and
corridors to provide access through trails for cyclists and pedestrians to the principal
natural and recreational areas (Bravo, 2005). The DTPW is also working with the
municipalities to identify corridors with potential to develop trails for pedestrians and
cyclists to facilitate access to the principal urban centers in Puerto Rico.

The DTPW also proposes the development of the Pedestrian Walkway Network in the SJMA
which seeks to connect various recreational areas, parks, natural reserves and bodies of
waters and eventually continue along the Atlantic Ocean’s maritime front.

162 pyplicos or carros publicos are a local form of shared taxi.
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All of these projects seek to improve conditions of mobility and non-motorized access while
contributing to the improvement of quality of life in the communities. However, in Puerto
Rico many of these open spaces are often focused on recreation and do not constitute a
transportation alternative.

Water-based transportation, already an important part of the transportation network, is
envisioned to play an even more important role in the future. Currently, the Maritime

Transportation Authority, which is part of DTPW under the concept of “Integrated
Transportation,” is responsible for developing, maintaining, operating, managing and
maximizing the use of maritime transportation from the East of Puerto Rico to islands of
Vieques and Culebra. This public corporation is also responsible for operating the maritime
transportation service known as “Acuaexpreso” which offers ferry service between Old San
Juan, Hato Rey and Catafio.

Another effort to complement maritime transportation in the SJMA is the cleaning and
dredging of the Cafio Martin Pefia which will eventually allow maritime transportation
through this water body.

Ports and airports are critical elements of the transportation system. Puerto Rico imports

the majority of its food and manufactured products as well as raw materials. Airports are
important elements of the system, especially for the tourism industry. Luis Mufioz Marin
International Airport, Puerto Rico’s principal airport is located in the coastal zone. In fiscal
year 2008-2009, this airport moved 8.4 million passengers and 445.9 million pounds of
cargo.

Puerto Rico Coastal Zone Management Program Page | 214
Revision and Update



v¢ de / ¥¢ edep

weiboidq wswabeuely suoz |ejseo)
BJaUEISOQ) BUOZ €| op olsuely op ewelboiq

saljljloe4 uonepodsuel ] Jolepy

uoioepodsuel) ap sajedioulid sauoloe|eisu|

SBIIgNd seiqQ A ucepodsuel | ap ojuswepedsq
Loog sunr
uonessIUIWPY Juaydsowpy PuE JIUBa2Q [BUOREN

'80IN0G - UDIDEWIOU| 3p Sjusn4

(s1e18WO|Iy) SoPWG) M .
0!

9 0,4 0c 0 o] oc
(Sop)se|iy) T IO B
o] or 0c 0 oL 0oc

ML ETS9 MOTEPSY MO FEC 09 MOSEF0I Al ¥ol9 ATl MOT Pl MO PeBT
1 1 1 1 1 1 1 1
equeD JEpy
el i
2
puow
sanbsia
v
-
3 opuoW
P p— i -
5 oIgaND LM witiou_m e
osyoaseq
=
.m,' -
oonuely ouega0
T 1 1 L T T L ]
MO EZ59 AMOZERSE MOEE99 AROFET99 MOSEPS9 Mulitel9 AL FTaLD MOZ FFaL9 MOE P69

000'098:L 2[edg - Ejeds3

Alepunog swiyie| SUoZ [e}seon nmw
-(SEdnNEU SE||iW @) BULIEW BISUEJSOD BUOZ | 9P S)IW]

Alepunog pue|u| sUOZ [B}seoD
- 0JJUSPE LIS} BISUEISOD BUOZ E| 3P 9)IW[T

Hodlle [euoieula| - [euoioeLIajul opandolay @

podite ljgnd - od1gnd opsndoisy @

yod [elpi8wWwWoy) - [B12J8Wo2 opand H

uod esnpu| - [eL3sNpu| opang L

dwei jeog - sajoq eled edwey

Alepuooag - SELEPUNDBS - -
ure - seuewlld

sAemybBiH - seysidoiny AS

sSpeoy - selajele))

Aoy depy - epushen

N.OEES.LE

H.OF

N.OSEE81




Responding to findings

A. Planning and developing transportation facilities

The Government of Puerto Rico’s responsibility regarding planning and development of
transportation falls on various agencies.

... The PRPB is responsible for guiding the planning of transportation, in general, as part of
its responsibility in planning the territory for the Commonwealth. The OPP-PRLUP
recognizes the importance of infrastructure to the efficient use of Puerto Rico’s resources
(See Chapter 2).

... The DTPW is the agency with the responsibility to oversee land, air and maritime
transportation in Puerto Rico.163 As such, it is responsible of formulating public policy and
detailed long-term planning.

...Public Corporations - The PRHTA, the PRPA, the Maritime Transportation Authority, the
MBA and the Integrated Transportation Alternative act as DTPW’s operational arms. The
PRPA manages and executes the “Puerto Rico Ports and Piers Law”, Law No. 151 of 1968,
through which it regulates navigation, maritime traffic in Puerto Rico’s navigable waters,
Puerto Rico’s piers and ports as well as in lands which include port zones.

..Interagency coordination is achieved through the policy committees in the Metropolitan
Planning Organization (MPO), which revise transportation programs and main projects.
Three MPOs exist in Puerto Rico under DTPW: the San Juan MPO which has jurisdiction over
38 municipalities according to the 2000 Census, the Aguadilla MPO and a third MPO which
oversees the other urbanized areas. These MPOs count with a committee on public policy, a
technical committee and a task force which meets on a daily basis.

B. Preparing transportation plans

The DTPW is responsible for the preparation of a Long-Term Transportation plan for Puerto
Rico (2030), which identifies transportation needs, promotes efficient use of resources,
protects natural patrimony, supports economic development strategies and promotes safety
in transportation. As part of this plan, regional plans, non-motorized transportation plans
are also developed as are plans for ports, airports and cargo terminals.

C. Transportation safety measures and programs

Two federal agencies — The Federal Aviation Administration and the USCG - are responsible
for maintaining safety standards in transportation while the National Highway
Transportation Safety Administration (NHTSA) and the Federal Transportation Authority
(FTA) is responsible for similar programs related to road and highway safety.

At the local level, the Traffic Safety Commission, which is part of the DTPW, is in charge of
planning, coordinating, managing and communication traffic safety programs at the
Commonwealth level.

163 With Reorganization Plan No. 6 of 1971, the Highway and Roads Authority, MBA and PRPA became part of the
DTPR.
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3.6 FISHING

In Puerto Rico, fishing activity can be divided into three categories: commercial fishing,
recreational fishing and ornamental fishing.

Findings

3.6.1 COMMERCIAL FISHING

Puerto Rican waters cannot sustain high biological productivity. Puerto Rico is located in
tropical fishing zone characterized more for its diversity of species than for commercially

important quantities of a particular species. This is due to the deep waters low in nutrients
and slim insular platform which lacks the necessary marine vegetation.

Local fishing is one of low productivity which captured 1.34 million pounds in 2006.
According to the PRDA, the fish and seafood consumed in Puerto Rico are primarily
imported.16* Puerto Rico’s territorial waters yield about 10% of the quantity of fish and
seafood consumed locally. According to statistics from the DNER’s Laboratory on Fishing
Research, landings from fishing vessels in Puerto Rico have experienced a dramatic decrease
of 44% over the last 25 years.105

GraprHIc III-8. Fishing reported for coastal municipalities during the years 2001 to 2006

Catchment (pounds)

4,000,000
3,559,024

3,500,000 3,272,812

3,000,000

2,500,000 2,388,761
2,000,000 1,864,680
1,569,035

1,500,000 1,338,924
1,000,000

500,000

0
2001 2002 2003 2004 2005 2006

Source: DNER.Fisheries Research Laboratory.

164 Personal communication from the PRDA’s Director of Fishing, Mr. Walter Padilla.
165 Landings are defined as the quantity of catch that each fisherman brings to port.
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The quantity and size of some important species have decreased. Fisheries along coral reefs,
in particular, have drastically decreased over the last decades showing typical signs of
overfishing: reduction of total port landings, reduction in the capture by unit, and a change
in size of the fish captured (Matos, 2005).

TABLE II1-19. FISHING REPORTED FOR COASTAL MUNICIPALITIES DURING THE YEARS 2001 TO
2006

ies during the years 2001-2006

2001 2002 2003 2004 2005 2006
LERIEGE Pounds iy Pounds iy Pounds iy Pounds Gty Pounds ity Pounds i)
pounds* pounds* pounds* pounds* pounds* pounds*
North coast 569,893 214 407,614 1.97 284,444 1.75 168,048 1.7 117,990 17 62,121 2.1
Isabela 11,735 3.56 14,194 1.97 2,437 0.87 854 31 968 37 928 4.0
Quebradillas - 0.00 - - - 0.00 0 0.0 0 0.0 0 0.0
Camuy 4,060 2.68 2,961 1.56 4150 115 4,070 19 7,237 2.4 1,639 18
Hatillo 4,232 2.28 1,799 1.30 1,464 1.22 993 1.3 0 0.0 55 3.5
Arecibo 73,812 2.47 27,627 243 31,816 213 20,771 24 22,091 1.6 9,657 1.0
Barceloneta 36,736 2.26 10,400 211 10,262 1.76 5,435 1.9 4,423 1.8 3,821 1.8
Manati 17,361 2,04 9,797 2.00 2,711 1.84 0 0.0 1,565 2.0 0 0.0
Vega Alta 28,69