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Preface

On August 8, 2018, the government of Puerto Rico submitted to Congress its economic and
disaster recovery plan, as required by the Bipartisan Budget Act of 2018. Under contract with the
Federal Emergency Management Agency (FEMA), the Homeland Security Operational Analysis
Center (HSOAC) provided substantial support in developing the plan by soliciting and integrating
inputs from a wide variety of stakeholders, contributing analysis where needed, and supporting
the development of the Governor’s draft plan. The plan included an overview of damage and
needs, courses of action (COAs) to meet those needs, costs of the COAs, and potential funding
mechanisms for those costs.
To support federal agencies evaluating and funding recovery actions, HSOAC is releasing
this detailed volume for the water sector. The purpose of this document is to provide
decisionmakers greater detail on the conditions of systems consuming and using water in
Puerto Rico before the 2017 hurricane season, damage from Hurricanes Irma and Maria, COAs
that were identified to help the sector (and, more broadly, Puerto Rico) recover in a resilient
manner, potential funding mechanisms, and considerations for implementers as they move
forward. This report is one of a series of reports detailing recovery planning efforts for specific
sectors.
This document will likely also be of interest to other stakeholders funding or implementing
recovery activities in Puerto Rico, including government and local agencies, nongovernmental
organizations (NGOs), and the private sector. Furthermore, this body of material contributes to
the larger literature about disaster recovery and resilience and may be of interest to other
communities planning for or recovering from similar disasters.
This research was sponsored by FEMA and conducted within the Strategy, Policy, and
Operations Program of HSOAC, a federally funded research and development center (FFRDC)
operated by the RAND Corporation under contract with the Department of Homeland Security
(DHS). More information about HSOAC’s contribution to planning for recovery in Puerto Rico,
along with links to other reports being published as part of this series, can be found
at www.rand.org/hsoac/puerto-rico-recovery.
About the Homeland Security Operational Analysis Center
The Homeland Security Act of 2002 (Section 305 of Public Law 107-296, as codified at
6 U.S.C. § 185), authorizes the Secretary of Homeland Security, acting through the Under
Secretary for Science and Technology, to establish one or more FFRDCs to provide
independent analysis of homeland security issues. The RAND Corporation operates the
HSOAC as an FFRDC for the DHS under contract HSHQDC-16-D-00007.
iii

The HSOAC FFRDC provides the government with independent and objective analyses
and advice in core areas important to the department in support of policy development,
decisionmaking, alternative approaches, and new ideas on issues of significance. The HSOAC
FFRDC also works with and supports other federal, state, local, tribal, and public- and privatesector organizations that make up the homeland security enterprise. The HSOAC FFRDC’s
research is undertaken by mutual consent with DHS and is organized as a set of discrete
tasks. This report presents the results of research and analysis conducted under Task Order
70FBR218F00000032, “Puerto Rico Economic and Disaster Recovery Plan: Integration and
Analytic Support.”
The results presented in this report do not necessarily reflect official DHS opinion or policy.
For more information on HSOAC, see www.rand.org/hsoac.
For more information on this publication, visit www.rand.org/t/RR2608.
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Summary

In September 2017, Puerto Rico experienced two major hurricanes within two weeks of one
another. Hurricane Irma passed on September 6th within 60 miles of Puerto Rico as a Category 5
storm, followed by Hurricane Maria, which made landfall near Yabucoa Harbor on September 20.
The two storms, and Hurricane Maria in particular, caused catastrophic damage to buildings and
infrastructure throughout Puerto Rico as well as a significant number of injuries and deaths.
Substantial resources were mobilized to respond to the disaster and address the long-term
challenge of recovery. This culminated in the Bipartisan Budget Act of 2018, which mandated
the development of a comprehensive recovery plan for Puerto Rico within 180 days, with work
to be completed by August 2018. Under contract with Federal Emergency Management Agency
(FEMA), the Homeland Security Operational Analysis Center (HSOAC) provided substantial
support in developing the plan.1
This report documents the research, analysis, and stakeholder interactions associated with
recovery planning for the water sector. Working with FEMA, the government of Puerto Rico,
and a range of other federal and local government and NGOs, the HSOAC Water Sector Team
established the context for planning, assessed storm damages and associated needs, and
developed courses of action (COAs) in partnership with other stakeholders that were consistent
with the government of Puerto Rico’s priorities.

Historical Context
Formal water resources management in Puerto Rico dates back to at least the early-twentieth
century, when the demand for electricity to pump water for irrigation led to various public and
private hydroelectric power initiatives. In 1945, water resources management was centralized in
the Puerto Rico Aqueduct and Sewer Authority (or PRASA). Since that time, in conjunction with
the growth of Puerto Rico’s population, a range of drinking water and wastewater management
systems have emerged to service both urban and rural areas. In addition, reservoirs and levees were
constructed to support water supply and flood mitigation. Nevertheless, PRASA has continued to
be the dominant drinking water provider—currently servicing approximately 97 percent of Puerto
Rico’s population, with the remaining 3 percent serviced by local non-PRASA utilities.
By the early twenty-first century, Puerto Rico’s water sector faced multiple challenges. The
aging drinking water distribution system was prone to leaks. This infrastructure depreciation was
1

More information about HSOAC’s contribution to planning for recovery in Puerto Rico, along with links to other
reports being published as part of this series, can be found at www.rand.org/hsoac/puerto-rico-recovery.

x

exacerbated by poor enforcement of rate collection, which choked the flow of revenue to
PRASA and limited investment and maintenance in its system. Both PRASA and non-PRASA
drinking water systems experienced noncompliance with, and violations of, U.S. Environmental
Protection Agency (USEPA) drinking water quality standards. Meanwhile, the discharging of
wastewater from PRASA and industrial facilities into Puerto Rico’s waterways led to noncompliance with, and violations of, the Clean Water Act (CWA), and municipal wastewater
systems were at times clogged or lacked sufficient capacity. The ability to address such issues
was constrained by PRASA and other agencies lacking access to sufficient financial capital. The
2014 debt crisis significantly limited the ability for Puerto Rico to attract additional financing,
and the shrinking population reduced the number of ratepayers. Collectively, these challenges
created vulnerabilities in the water sector’s infrastructure, operations, and governance that
contributed to the consequences observed in the wake of Hurricanes Irma and Maria.

Damage and Needs Assessment
Hurricane Irma and, in particular, Maria caused significant damage to the water sector
infrastructure throughout Puerto Rico. The ubiquitous loss of power left drinking water treatment
plants (WTPs) and pumping stations inoperable. Wastewater treatment plants (WWTPs) were
also not able to operate. This affected all assets, even those that otherwise escaped damage. As a
result, Puerto Rico’s residents, businesses, and industries were effectively without utilityprovided drinking water immediately following the storms. These outages persisted for some
time, particularly in rural areas, with full power not being restored until the summer of 2018,
nine months after the storms. While response efforts led to the provision of generators to restore
power, those generators also created a demand for fuel and maintenance, leading to intermittent
outages and additional operating costs.
Independent of the loss of power, many buildings, assets, and infrastructure systems were
damaged during the storms because of high winds, debris, and/or flooding. There was damage to
WWTPs; flooding of offices, laboratories, and pumping stations; and scouring and erosion of
dams and levees. Erosion of the spillway at Guajataca Dam, in particular, posed immediate
safety risks necessitating emergency actions to stabilize the dam and prevent dam failure and
downstream flooding. The loss of reliable power and damage to wastewater systems also
increased concerns for the contamination of drinking water.
Assessment of damages and their costs was slowed by the extent of damage throughout
Puerto Rico as well as significant debris, which prevented access to facilities. Under these
circumstances, damage estimates were uncertain and were continuously revised as new
information was obtained. By May 2018, damage estimates for PRASA alone totaled nearly
$19 billion. Damages to municipal stormwater systems totaled at least $215 million, while
recovery efforts associated with Guajataca Dam were estimated at $258 million. These various
damage estimates underestimated the true cost of the storms. Quantitative damage estimates for a
xi

range of systems, particularly rural, non-PRASA systems, were not readily available. Similarly,
the costs associated with restoration of other dams and levees were not available at the time of
HSOAC’s assessment. In addition, while damage estimates reflected the direct damages from the
storms, they did not include the costs of addressing the broader preexisting challenges within the
sector. Therefore, enhancing the resilience of the sector to future events will necessitate
additional investments above and beyond the repair of storm damages.

Courses of Action for Recovery
To identify opportunities for recovery of the water sector and for building long-term
resilience, the HSOAC Water Sector Team worked in collaboration with a range of federal and
local government agencies—the Water Solutions Team—to develop COAs for recovery. A COA
represents a plan for achieving a specific goal. As such, a complete specification of a COA
includes the goal itself, the actions that would be pursued, and any relevant information needed
to understand the implications of implementing those actions. The entry point for COA
development was a set of 18 recovery priorities identified by the government of Puerto Rico.
Research and analysis by the HSOAC Water Sector Team was integrated with technical and
policy expertise in the Water Solutions Team through an iterative process of COA development.
A total of 30 COAs were generated for inclusion in the recovery plan. These COAs were
subsequently grouped into alternative portfolios, and the most comprehensive and ambitious
portfolio was selected by the government of Puerto Rico to guide future recovery efforts in the
sector. This portfolio would rebuild the physical infrastructure of the water sector to a modern
standard; improve operations, situational awareness, and asset management; and build capacity
in the sector so that these transformational changes can be maintained over the long term. Costs
for implementing the portfolio totaled $34 billion over the next decade—$30 billion for water
sector COAs and almost $4 billion to implement actions in other sectors that are precursors for
water sector improvements (Figure S.1).
Figure S.1. Summary Cost Estimates for Water Sector Portfolios

Basic

Transitional
•$7.6B for Basic
implementation of
25 Water Sector
COAs
•Plus $0.9B from
other sectors
•$8.5B in total

•$12.5B for
Transitional
implementation of
29 Water Sector
COAs
•Plus $2.0B from
other sectors
•$14.5B in total

NOTE: Costs shown in billions of dollars (B).
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Transformational
•$30B for
Transformational
implementation of
30 water sector
COAs
•P
Plus $3.8B from
other sectors
•$
$33.8B in total

Enhancing Water Sector Resilience
Looking forward, one of the highest-priority opportunities to support both a timely, effective
recovery process and future resilience is building the capacity of water sector institutions and
organizations in Puerto Rico. Over the short term, enhancing the capacity of water sector
organizations and personnel can increase the success of planning initiatives, infrastructure repairs
and construction, and efforts to improve operational efficiencies. Capacity building can also
enhance resilience to long-term risks such as climate change, extreme events and disasters, and
changes in population.
In addition, having consistent indicators for tracking the status of assets and operations
within the sector is important for building resilience. For example, accurate information about
the geographic locations of water sector and other physical assets is essential for damage
assessment efforts. Moreover, improving the ability to assess the status of assets and operations
can lead to better recovery planning, the prioritization of recovery actions, and the reporting of
progress. This necessitates the development of relevant indicators that reflect key assets and
operations for the sector as well as a system for consistently monitoring those metrics over time.
These indicators and the infrastructure for their tracking and reporting should be developed as
part of disaster preparedness planning and should be accessible through a centralized dashboard.
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Chapter One. Introduction

In September 2017, Hurricane Irma passed within 60 miles of Puerto Rico as a Category 5
storm, causing significant damage from high winds, a significant storm surge, and extreme
rainfall and flooding.1 Two weeks later, Hurricane Maria made landfall as a Category 4 storm
resulting in catastrophic damage.2 Collectively, the impacts of the two storms resulted in the
declaration of a state of emergency for Puerto Rico and necessitated the mobilization of disaster
management personnel and resources spanning Puerto Rico and the continental United States
(CONUS). In support of the development of a congressionally mandated 180-day natural disaster
recovery plan for the government of Puerto Rico, this report documents the damages experienced
by Puerto Rico’s water sector in the wake of Hurricanes Irma and Maria, the needs within the
water sector to address long-standing management and infrastructure challenges, and the
recovery courses of action (COAs) developed to address these needs.3
The damage inflicted on Puerto Rico’s water and wastewater systems was one of the more
highly publicized consequences of Hurricane Maria owing to the critical functions that water and
wastewater services play in the maintenance of public health, enabling commerce and economic
activity as well as conserving natural ecosystems and wildlife. Hence, the water and wastewater
system recovery actions presented within this report are critical to broader recovery efforts
across multiple sectors.
The water sector also encompasses other infrastructure and management systems, including
stormwater and flood control infrastructure, that also provide services essential to the health,
safety, and well-being of Puerto Rico’s residents and businesses. These systems also experienced
damage or disruption from Hurricanes Irma and Maria. Enhancing the resilience of Puerto Rico’s
water sector necessitates not only repairing damages but also addressing the legacy of system
depreciation, underinvestment, and lack of maintenance and incomplete monitoring—all of
which pose barriers to a resilient recovery.
Despite these challenges, the recovery process also creates opportunities for infrastructure
renewal and improvements in operations, finance, and asset management that will place the
sector on a more sustainable path. This report therefore seeks to enhance understanding around
1

National Hurricane Center, Tropical Cyclone Report: Hurricane Irma, Miami, Fla.: National Oceanic and
Atmospheric Administration, 2018a.
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the current and future challenges and opportunities for the water sector. In so doing, this report
starts by first providing a brief history of Puerto Rico’s water sector, as well as descriptions of
various subsectors and their critical assets and the institutional arrangements by which those
assets are governed and managed. This discussion is followed by a summary of the status and
key trends of the sector before the 2017 hurricane season. The report subsequently provides
details on the damages caused to the water sector by Hurricanes Irma and Maria as well as the
response and recovery needs that arose as a result of those damages, based on information
available through the first half of 2018. This assessment is followed by the presentation of the
framework that guided recovery planning, the individual COAs developed for the water sector,
and the portfolio of COAs selected by the government of Puerto Rico to realize a transformation
of the sector. The report concludes with a discussion of key opportunities for increasing the
future resilience of the sector.

Brief History of the Water Sector in Puerto Rico
Formal water resources management in Puerto Rico dates back to at least the early-twentieth
century, when the demand for electricity to pump water for irrigation led to the development of
various public and private hydroelectric power initiatives. This triggered the construction of
Puerto Rico’s first dams—Carite Lake, Lago Guayabal, and the Comerío and Patillas Dams,
between 1913 and 1914.4 The first management agency for water, the Water Uses Agency, was
formed in 1926 to oversee the construction of additional hydroelectric facilities as well as the
acquisition of various private electricity companies. Federal funding under the New Deal
legislation of 1935 allowed further construction of hydropower facilities and additional
consolidation of private electricity generators under public ownership. In 1941, Puerto Rico
passed Act 83, establishing the Puerto Rico Water Resources Authority (PRWRA) in order to
create a financing vehicle for bond issuance to raise capital for subsequent expansion of Puerto
Rico’s electricity network.5 Recognizing the need to create a similar financing vehicle to
facilitate the development of Puerto Rico’s drinking water and wastewater infrastructure, Puerto
Rico later passed Act 40—Puerto Rico Aqueduct and Sewer Authority Act.6 This 1945 Act
authorized the establishment of the Puerto Rico Aqueduct and Sewer Authority (or PRASA).
According to PRASA’s original mission, “The Authority is created for the purpose of providing
and helping to provide for the citizens an adequate drinking water, sanitary sewage service and
any other service or facility proper or incidental thereto.”
4

Grupo Editorial EPRL, “Reservoirs of Puerto Rico,” in Enciclopedia de Puerto Rico, San Juan: Puerto Rican
Endowment for the Humanities, 2018.
5

Puerto Rico Electric Power Authority, “Puerto Rico Electric Power Authority Act,” Act No. 83, May 12, 1941.

6

Government of Puerto Rico, Puerto Rico Aqueduct and Sewer Authority Act (PRASA), H.B. 4337, 2004.
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Over time, electricity generation in Puerto Rico became increasingly dominated by oil-fired
power plants. By the 1970s, only 2 percent of electricity was produced from hydropower. Given
this disconnect between water and electricity production, PRWRA was renamed the Puerto Rico
Electric Power Authority (PREPA), which eventually acquired all electricity production capacity
in Puerto Rico to form a public monopoly.
With the sectoral separation of water and electricity services, PRASA became the principal
public institution for development, operation, and management of Puerto Rico’s water and
wastewater systems and services. Since its creation, the population of Puerto Rico nearly
doubled, from approximately 2.2 million residents in 1945 to a peak of 3.8 million in 2004,
although the population has contracted to about 3.2 million residents more recently.7,8 This
necessitated the expansion of water and wastewater systems to accommodate the rising
population and, especially, the growth of commercial and industrial users. Meanwhile, Puerto
Rico was subject to the proliferation of environmental regulations during the 1970s, such as the
Clean Water Act (CWA), which placed additional requirements on PRASA to manage the
discharge of pollutants into receiving waters. Compliance with such regulations necessitated
additional investments in infrastructure and operations. Today, PRASA serves 96 percent of the
population with drinking water and provides wastewater services to 59 percent of the population.
Puerto Rico’s water resources are applied to a broad range of uses (Table 1.1). Based on
data from 2010, the largest use of water is for the energy sector, particularly hydropower. As a
nonconsumptive use, water for hydropower is largely managed by PREPA.9 Domestic use
constitutes the largest consumptive use of water. A small number of users (mostly domestic
households) supply their own water through private wells or springs. In comparison, a relatively
small fraction of water use has been associated with irrigation for agriculture.
Water management in Puerto Rico extends beyond drinking water and wastewater to include
stormwater, flood control, and integrated water management, which are overseen by a number
of organizations. Stormwater management functions are predominantly the responsibility of
municipalities, which apply for permits administered by the U.S. Environmental Protection
Agency (USEPA) to discharge stormwater effluent to waterways. However, PRASA manages
stormwater in some urban areas and maintains a series of combined sewer systems that convey
both wastewater and stormwater. Stormwater is also managed by the Puerto Rico Department of
7

The population in Puerto Rico as of July 1, 2018, was 3,195,153, according to U.S. Census Bureau, “Quick Facts:
Puerto Rico,” webpage, 2018b.

8

Puerto Rico’s population has been in decline since 2004 and by 2016 had fallen to 3.4 million residents. The
most recent population estimate from July 1, 2018 (3,195,153) showed further decline. See U.S. Census Bureau,
“Community Facts: Puerto Rico,” American Fact Finder, webpage, 2018a, and U.S. Census Bureau, 2018b.
9

“Water use” describes the total amount of water withdrawn from its source. Use is distinguished from “water
consumption,” which represents the portion of water use that is not returned to the original water source after being
withdrawn.
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Table 1.1. Water Uses in Puerto Rico
Withdrawals
Million Gallons
per Day (MGD)

Subsector
Public supply
PRASA

677
670

Surface
Groundwater
Non-PRASA
Surface
Groundwater

587
83
7
3
4

Domestic use
PRASA
Non-PRASA
Self-supplied use
Domestic

206
189
17
7
2

Industrial use
Crop-irrigation use
Surface water
Groundwater
Energy use

4
38
16
22
558

Thermal power plants
Hydropower

2
556

Transportation and Public Works (DTOP) and the Puerto Rico Highway and Transportation
Authority. Historically, prevention of fluvial flooding of rivers through levee construction was
considered the responsibility of the DTOP, which often worked with the U.S. Army Corps of
Engineers (USACE) on levee design and construction. However, responsibility for flood control
planning and maintenance of USACE levee systems was transferred to the Puerto Rico
Department of Natural and Environmental Resources (DNER) in 1972 because of the recognized
need for more comprehensive watershed management to achieve flood control objectives. At
present, multiple levee systems exist around Puerto Rico, but their age, level of maintenance, and
capacity to mitigate significant flood risk vary. As the principal water planning and watershed
management agency in Puerto Rico, DNER also develops water plans and works with other
agencies within the government of Puerto Rico, such as the Puerto Rico Environmental Quality
Board (PREQB), to ensure both environmental protection and maintenance of surface water
quality standards.

Key Water Sector Assets
For the purposes of this report, the water sector is broadly defined to include
•
•

drinking water and wastewater
water supply and hydropower
4

•
•
•

stormwater mitigation
flood mitigation
integrated management.

Collectively, these systems include physical assets necessary for water storage, distribution,
conveyance, filtration, pumping, and treatment as well as the protection of communities and
natural ecosystems from flooding. However, based on the vulnerabilities in the water sector that
were revealed during the 2017 hurricane season, the most critical of these assets are pumping
stations, water and wastewater treatment plants (WTPs and WWTPs) and dams and levees.
These assets are essential for the provision of safe drinking water, treatment of wastewater, and
mitigation of flood damages to the water infrastructure as well as other physical and natural
assets.
The subsections that follow provide further descriptions of the primary water subsectors and
how they are managed.
Drinking Water and Wastewater
The bulk of Puerto Rico’s drinking water is treated and distributed by PRASA, serving
approximately 97 percent of the population. PRASA’s system is comprised of raw water supply
and intake facilities, WTPs, and distribution infrastructure (i.e., pipes and pumps). Assets and
operations are divided into five management regions: Metro (including San Juan), North, South,
East, and West. Each region is further divided into operational zones and, at a lower level,
potable water service areas that are served by a single water treatment plant.10
PRASA maintains over 1.1 million drinking water connections and approximately
700,000 wastewater connections. To treat water to drinking standards, PRASA owns and
operates 114 WTPs that are located across the five service regions. Together, they produce
508 MGD of drinking water. PRASA also owns and operates 51 WWTPs, with a total treatment
capacity of 210 MGD of sewage. PRASA operates eight dams and 20 minor reservoirs for water
storage that are owned and managed jointly with PREPA, the Puerto Rico Department of
Agriculture, and DNER. PRASA also controls more than 4,000 ancillary assets. Its entire system
is comprised of over 20,000 miles of pipeline across Puerto Rico.
The supply of water is accompanied by the management of resulting wastewater—
particularly with respect to domestic and industrial uses. According to the USEPA’s Integrated
Compliance Information System, there are approximately 1,704 facilities permitted under the
National Pollutant Discharge Elimination System to discharge effluent to Puerto Rico

10

Department of Homeland Security, Puerto Rico Drinking Water Sector Characterization, Infrastructure
Protection, Washington, D.C.: U.S. Department of Homeland Security, 2018.
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waterways.11 They include PRASA and non-PRASA WWTPs, resorts, infrastructure
development projects, medical facilities, beverage companies, and landfills. Of PRASA’s 51
WWTPs, six treat wastewater using primary treatment standards, 33 use secondary treatment,
and 12 use tertiary treatment. The four largest WWTPs by discharge—Ponce, Carolina,
Bayamón, and Puerto Nuevo—belong to the six facilities using only primary treatment.12,13 In
addition to wastewater treated by PRASA, there are approximately 500,000 individual septic
systems and a number of small, publicly owned wastewater systems.
While PRASA provides drinking water to the large majority of Puerto Rico residents,
approximately 76,000 residents (3 percent of the prestorm population) in over 200 small
communities are serviced by non-PRASA drinking water suppliers. Sources estimate there to be
240 non-PRASA community drinking water systems, but other experts indicate that the actual
number may range somewhere between 250 to 500 systems.14 These systems serve small and
potentially hard-to-reach populations; nevertheless, they are required to comply with the Safe
Drinking Water Act (SDWA) and USEPA drinking water quality standards.
In addition, 57 noncommunity systems in Puerto Rico provide drinking water to hospitals,
schools, industrial facilities, and private companies. The majority of Puerto Rico’s 41 percent of
the population not serviced by PRASA’s wastewater systems use septic systems for wastewater
discharge. Of this 41 percent, a small proportion are connected to non-PRASA WWTPs that are
operated by municipalities or independent community organizations. However, an exact number
of assets and facilities could not be determined.
Water Supply and Hydropower
Approximately 45 percent of Puerto Rico’s public drinking water supply is provided by
reservoirs created by dams.15 The National Inventory of Dams identifies a total of 38 dams in
Puerto Rico, which vary in terms of their year of construction, design, and height. All of these
dams are rated as having a high damage potential in the event of failure, and thus all have

11

U.S. Environmental Protection Agency, “Facility Registry Service,” webpage, 2018d.

12

Puerto Rico Aqueduct and Sewer Authority (PRASA), “Descargas Plantas Alcantarillado Año Natural,” 2015.

13

Primary treatment involves the removal of coarse solids from wastewater. Secondary treatment involves the
removal of organic matter using biological treatment processes. Tertiary treatment involves disinfection for the
control of pathogenic microorganisms and viruses. For more information, see U.S. Environmental Protection
Agency, Primer for Municipal Wastewater Treatment Systems, Office of Water, EPA 832-R-04-001, 2004.

14

G. I. Ramirez-Toro and H. Minnigh, “Water System Resilience in Disasters: Puerto Rico’s Experience,”
presented at Water Science and Technology Issues for the Nation, WSTB 35th Anniversary Meeting, National
Academy of Sciences, Washington, D.C., December 5–7, 2017.
15

U.S. Geologic Survey, “Reservoirs in Puerto Rico,” Caribbean-Florida Water Science Center, webpage, 2018b.
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emergency action plans to address such a contingency.16 Puerto Rico’s dams are owned and
operated by both public and private agencies, although most (24) are owned by public utilities
(PRASA or PREPA).
The management, operation, and maintenance of dams across Puerto Rico are delegated
among PRASA, PREPA, and DNER, with a minor share of responsibility resting with other
agencies of the government of Puerto Rico and the U.S. federal government. As part of the water
storage infrastructure, Puerto Rico’s dams provide multiple functions—hydropower generation,
water supply, and flood mitigation. Nevertheless, because many of Puerto Rico’s reservoirs were
primarily designed for hydropower generation, operational rules still follow guidelines and
practices for optimal generation. In contrast, for newer reservoirs, like the Portugués Dam in
Ponce, operational rules were designed specifically to mitigate flooding. Given that hydropower
generation capacity in Puerto Rico has declined significantly over the past several decades, even
older reservoirs designed for hydropower are now primarily used for the purpose of flood
mitigation or water supply.
Because of high rates of sedimentation, regular dredging is carried out to maintain channel
navigability, to preserve dam storage capacity and to retain the design life and purpose of
dams and levees. Nevertheless, dam maintenance is generally considered poor because of the
combination of high operation and maintenance costs for dam infrastructure and budgetary
constraints in DNER.
Stormwater Mitigation
Puerto Rico’s tropical climate is characterized by significant rainfall. The CONUS
experiences a long-term average of 30 inches of rain per year. In contrast, between 2000 and
2018, Puerto Rico received an annual average of 70 inches,17 more than twice the CONUS total.
Moreover, rainfall varies significantly across Puerto Rico, with the Sierra de Luquillo rainforest
in eastern Puerto Rico receiving almost 200 inches per year. Such high rainfall totals create
runoff that poses flood risks for urban and rural areas, making stormwater mitigation an
important element of water management.18
Puerto Rico’s stormwater systems are highly decentralized. According to USEPA, there were
85 permitted municipal separate storm sewer systems (commonly abbreviated as MS4) in Puerto
Rico in 2018. These systems are managed by different municipalities, institutions and/or
agencies. Within the municipality of San Juan, for example, at least three different public
16

U.S. Army Corps of Engineers, “National Inventory of Dams,” webpage, 2018.

17

Rainfall statistics from National Weather Service, “Preliminary Data,” 2018.

18

Nancy L. Harris, Ariel E. Lugo, Sandra Brown, and Tamara Heartsill Scalley, “Luquillo Experimental Forest:
Research History and Opportunities,” U.S. Forest Service, U.S. Department of Agriculture, webpage, 2012.
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agencies, in addition to the municipality itself, own separate portions of the stormwater system—
the DNER, the Department of Transportation, and the Department of Public Works. This
fragmentation of management authority poses challenges to acquiring a comprehensive
understanding of assets. Therefore, an accurate inventory of stormwater mitigation assets in
Puerto Rico does not exist.19
Flood Mitigation
Flood mitigation infrastructure in Puerto Rico includes dikes, levees, and seawalls designed
to protect coastal areas and assets from tidal flooding and storm surge, 20 as well as levee systems
that have been constructed inland to protect against fluvial and urban flooding. Additional
information on coastal flood mitigation infrastructure can be found in the Homeland Security
Operational Analysis Center (HSOAC) sector report on Cultural and Natural Resources. This
report concentrates on the inland flood mitigation levees.
Puerto Rico’s DNER manages 14 levees spanning 32 miles, which are also registered in the
National Levee Database of the USACE. All were inspected in 2015 prior to Hurricanes and
Irma and Maria. However, at that time, only one of the 14 was deemed to be in an acceptable
condition.21 In addition, based on the Governor’s Build Back Better Puerto Rico: Request for
Federal Disaster Assistance, which made initial assessments of water sector needs in the wake of
Hurricanes Irma and Maria, there are at least 13 additional levee systems, likely owned and
operated by municipalities, across Puerto Rico.22
Integrated Water Management
In addition to physical water infrastructure, Puerto Rico has critical natural assets that
support its water systems. Because of mountainous topography and tropical precipitation,
Puerto Rico is drained by 224 rivers and 553 streams that are delineated into 134 hydrological
watersheds. These watersheds are bounded in many cases by one or more of the three mountain
ranges that run from east to west—Cordillera Central, Sierra de Cayey, and Sierra de Luquillo.23
19

To address this gap, the engineering consulting firm Arcadis Caribe prepared an assessment of stormwater
systems in Puerto Rico, Hurricane Maria Stormwater Systems Damage Assessments, through a subcontract to
HSOAC.

20

D. R. Godschalk, D. J. Brower, and T. Beatley, Catastrophic Coastal Storms, Durham, N.C.: Duke University
Press, 1989.

21

U.S. Army Corps of Engineers, “National Levee Database,” webpage, 2018a.
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Governor of Puerto Rico, Build Back Better Puerto Rico: Request for Federal Assistance for Disaster Recovery,
2017. This report summarized Governor Ricardo Rosselló’s assessment of projects and funds needed for recovery
and was published in just over two months after the hurricanes.
23

Junta de Planificación, Borrador Anejos Plan Área de Planificación Especial del Carso (PRAPEC), San Juan:
Office of the Governor of Puerto Rico Planning Board, 2013.
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Within this large number of watersheds are 54 dominant river systems that discharge to the
ocean. Puerto Rico has no natural lakes. Wetlands in Puerto Rico are distributed throughout the
island, with a higher density along the Cordillera Central and northern coastline, and serve to
regulate floodwaters, improve water quality, provide a water source to rivers, and maintain
ecosystem services and biodiversity.24 Generally, Puerto Rico has three types of wetlands—
palustrine, estuarine, and marine. Groundwater underlays both the main island of Puerto Rico as
well as the islands of Culebra and Vieques and constitutes a main source of water in addition to
surface water supplies.25 Of the available groundwater, the two principal aquifers are the North
Coast Limestone aquifer (a karst system) and the South Coastal Plain aquifer (an alluvial
system).26

Water Sector Management and Oversight
The water sector assets identified in this section support a broad range of systems operations
that allow the delivery of different types of services, depending on the subsector under
consideration (Table 1.2). Because Puerto Rico is a U.S. territory subject to federal regulations,
these operations are consistent with those associated with other U.S. states, territories, and
municipalities. Two key distinctions that make Puerto Rico somewhat unique, however, are
(a) the manner in which Puerto Rico’s water sector and its operations are governed and (b) the
performance of the sector’s various systems with respect to meeting the needs of Puerto Rico’s
people, businesses, and industries while complying with regulatory standards (see Chapter 2).
Table 1.2. Summary of Principal Water Sector Operations
Subsector
Drinking water

Operations
Infrastructure maintenance and asset
management
Water treatment and monitoring
Adherence to drinking water regulatory
standards
Water supply, reservoir, and demand
management
Utility workforce and business management
Energy supply management

24

B. Adams and J. M. Heffner, “Puerto Rico Wetland Resources,” in National Water Summary on Wetland
Resources, eds., J. D. Fretwell, J. S. Williams, and P. J. Redman, San Juan: U.S. Fish and Wildlife Service, 1996.

25

T. Veve and B. Taggart, “Atlas of Groundwater Resources in Puerto Rico and the U.S. Virgin Islands,” WaterResources Investigations Report, Series No. 94-4198, 1996.

26

M. T. Rafael, R. Ronald, and E. Anastacio, “Analysis of Groundwater in Puerto Rico,” American Journal of
Water Resources, Vol. 4, No. 3, 2016, pp. 68–76.
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Subsector

Operations

Wastewater

Infrastructure maintenance and asset
management
Wastewater treatment and monitoring
Adherence to surface water regulatory
standards
Utility workforce and business management
Energy supply management

Stormwater

Infrastructure maintenance and asset
management
MS4 permit and water quality management

Flood control

Infrastructure maintenance and asset
management
Natural infrastructure management
Urban flood management

Integrated water management

Multigovernance and interagency cooperation
Conjunctive management of groundwater and
surface water
Land-use management
Erosion and debris control
Reservoir management
Environmental management

Puerto Rico’s water and wastewater assets and systems are governed by a number of federal
and government of Puerto Rico agencies, private businesses, and community organizations.
These different actors have responsibilities that at times are distinct and at other times overlap.
Moreover, different actors in the water sector have differential influence over decisionmaking
processes and policy prioritization. For example, while many organizations have a vested interest
in the status and operations of the water sector or its subsectors, not all have regulatory oversight.
Hence, while much of the responsibility for the management of drinking water in Puerto Rico is
centralized within PRASA, overall, water sector governance is a complex process. While this
complexity reflects the diversity of demands in Puerto Rico for water, it can also slow
decisionmaking and investment.
As Puerto Rico’s principal drinking water and wastewater authority, PRASA is regulated
under the auspices of the Puerto Rico Public Service Commission. Given the historical
interdependences between electricity and water, PREPA has an important role in ensuring the
reliability of water infrastructure and services (Table 1.3). The DNER has responsibilities for
environmental protection and natural resources management as well as the design, construction,
and maintenance of flood mitigation works. Water research and professional development in
Puerto Rico is led by the Puerto Rico Water Resources and Environmental Research Institute at
University of Puerto Rico at Mayagüez, one of 54 water research centers established by an act of
Congress in 1964.
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Table 1.3. Puerto Rico Agencies Involved in Water Sector Management
Puerto Rico Agency

Role

Puerto Rico Aqueduct and Sewer
Authority

Water and wastewater service,
stormwater conveyance

Municipalities

Stormwater management, water and
wastewater service
Watershed management and
environmental protection, water storage

Department of Natural and
Environmental Resources
Puerto Rico Electric Power Authority
Puerto Rico Department of Health
Puerto Rico Environmental Quality
Board
Puerto Rico Infrastructure Financing
Authority
Puerto Rico Public Service
Commission

Irrigation conveyance systems, water
storage (dams)
Drinking water monitoring
Water and environmental quality
Financial oversight
Utility regulation

A range of federal agencies have jurisdiction over different components of Puerto Rico’s
water resources (Table 1.4). USEPA has regulatory oversight of drinking water, wastewater
treatment, and discharges of pollutants into waterways. After the hurricanes, USEPA set up a
significant presence in Puerto Rico to support response and recovery efforts. The USACE
similarly supports response and recovery of water resources infrastructure, particularly with
respect to repowering pumping and wastewater treatment facilities. In addition, the U.S.
Geologic Survey (USGS) collects water resources information in Puerto Rico from a number of
surface water, groundwater, and rainfall monitoring stations. The U.S. Department of Agriculture
(USDA) supports drought monitoring and management efforts as well as water conservation
programs to enhance the resilience of agricultural systems. The National Oceanic and
Atmospheric Administration (NOAA) supports meteorological and climatological services
including weather forecasting and monitoring of oceanic and atmospheric conditions.
Table 1.4. U.S. Federal Agencies Involved in the Water Sector
Federal Agency

Role

U.S. Environmental Protection Agency

Water quality and stormwater management

U.S. Geologic Survey

Monitoring, modeling, and scientific reporting

U.S. Department of Agriculture

Rural assistance programs

U.S. Army Corps of Engineers

Flood control

National Oceanic and Atmospheric Administration

Weather, climate analysis, and reporting

Centers for Disease Control

Human health

Federal Emergency Management Agency

Disaster response
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A number of manufacturing and industrial enterprises in Puerto Rico are dependent on the
reliability of both water availability and water quality. Medical and health services, such as
hospitals, have similar sensitivities. The agricultural sector is also a water user, with distribution
systems that are often interlinked with domestic water delivery. Satisfying the needs of those key
consumers is important for economic activity to recover. Any short-term remedial water
treatment needed to address the impacts on Puerto Rico’s water systems should therefore be
included in recovery planning, as well as opportunities for improving water quality and
reliability over the long term. Finally, a range of nonprofit and NGOs—environmental,
consumer, or social justice—both in Puerto Rico and the United States likely have relevant
knowledge and expertise as well as ideas for recovery (Table 1.5). As a case in point, the Natural
Resources Defense Council (NRDC) has been a key advocate for water quality improvements in
Puerto Rico.27
Table 1.5. Key Stakeholders Identified for the Water Sector
Organization

Type

Role

University of Puerto Rico
Natural Resources Defense Council
National Rural Water Association
Oxfam

University
Nonprofit
Nonprofit
Nonprofit

Research, technical assistance
Drinking water and surface water quality
Rural water assistance
Disaster assistance, development work

RCAP Solutions
Water Mission
Puerto Rico Science Trust
100 Resilient Cities
Red Cross

Nonprofit
Nonprofit
Nonprofit
Nonprofit
Nonprofit

Rural water assistance
Drinking water and technical assistance
Drinking water and technical assistance
Resilient city planning and recovery
Disaster recovery and response

Para La Naturaleza
ReImagina Puerto Rico
American Water Works Association

Nonprofit
Nonprofit
Professional
association

Watershed, environmental management
Recovery planning
Technical assistance and emergency
response

27

For example, see Natural Resources Defense Council, “Threats on Tap: Drinking Water Violations in Puerto
Rico,” Issue Brief, 2017.
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Chapter Two. Prestorm Conditions and Operational Challenges

Before the 2017 hurricane season, the Puerto Rico water sector faced numerous challenges
related to meeting federal regulations, ensuring reliable and cost-effective service provision, and
sustainably financing capital investments as well as the costs of ongoing infrastructure operations
and maintenance. Developing a sound recovery plan for the Puerto Rico water sector was
therefore contingent on not only repairing assets and systems damaged by the storms, but also
addressing the significant preexisting conditions that created vulnerabilities and made the
impacts of the hurricanes more severe. Thus, as recovery actions are implemented to address the
sector’s short-term needs, decisionmakers and stakeholders should identify opportunities for
integrating new infrastructure, technology, and management options to improve reliability and
performance and build resilience over the long term.
To enhance understanding of the legacy challenges the water sector plans to overcome during
the recovery processes, this section provides additional details on those challenges experienced
by individual subsectors as well as cross-cutting issues associated with financial management
and emergency preparedness.	
  

Management Challenges by Subsector
PRASA Drinking Water and Wastewater
Well before the 2017 hurricane season, PRASA faced a number of challenges in its day-today operations that constrained its ability to provide cost-effective, continuous, and safe drinking
water and wastewater services. In recent years, the vast majority of Puerto Rico’s drinking water
and wastewater systems have violated the USEPA SDWA and CWA water quality standards.1 In
2015, one estimate indicates that 99.5 percent of individuals in Puerto Rico received water from
community drinking water systems that were non-compliant with the SDWA because of
insufficient monitoring, reporting, or drinking water quality standards. PRASA, specifically, has
a history of noncompliance with both the CWA and SDWA related to operations and reporting at
its WTPs and WWTPs and in its drinking water systems.2 Puerto Rico’s wastewater has, at
times, also been discharged, untreated, into surface waters and/or the ocean. Such events have
been triggered by storms that cause combined sewer overflows, illicit connections to stormwater
systems, sanitary spills, or leaking septic systems. At the time when HSOAC was engaged in
1

Natural Resources Defense Council, 2017.

2

U.S. Environmental Protection Agency, “Civil Cases and Settlements by Statute,” webpage, 2019.
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supporting water sector recovery planning, PRASA operated under a USEPA consent decree that
mandated improvements in infrastructure and operations for both drinking water and wastewater
conveyance and treatment.3
Water supply reliability is also a concern. High leakage rates (50 to 55 percent) in PRASA’s
drinking water distribution systems, poor metering, and illegal connections have led to a
significant loss of water supply and loss of revenue from water sales.4 Malfunctioning meters or
incomplete metering across Puerto Rico have also limited situational awareness of water sector
systems and operations. In addition, PRASA faces intermittent challenges related to water supply
sustainability because of the incidence of drought, particularly in areas on the south of Puerto
Rico, the lack of supply diversification, and the variability in reservoir ownership.5
Non-PRASA Drinking Water and Wastewater
Non-PRASA drinking water systems have experienced many of the same challenges as
PRASA but have also had to confront a number of unique issues because of their size and
location. Non-PRASA drinking water systems are typically located in rural areas and rely on
both surface water and groundwater for their supply. Many water sources are improperly
protected from contamination, which poses potential risks to water quality and safety. Treatment,
distribution, and revenue collection are performed by the communities themselves. Because
community members are not typically certified operators or utility managers, financial
sustainability and regulatory compliance remain a challenge. As a result of these dynamics, nonPRASA systems have historically failed to comply with drinking water quality standards for total
coliform and turbidity, as well as SDWA monitoring and reporting requirements.6 Further,
although federal interventions and financing have helped address CWA noncompliance,
interviews with stakeholders indicated that less attention has been given to non-PRASA water
systems.
Rural wastewater systems serve 41 percent of Puerto Rico’s population and are typically
comprised of septic systems or other onsite solutions, which in many cases are improperly
maintained, unsealed, and often discharge raw sewage directly into coastal, surface, and
groundwater bodies. Residential, communal, and commercial septic systems are regulated by
various Puerto Rico agencies including the Puerto Rico Planning Board, the PREQB under the
3

United States of America v. Puerto Rico Aqueduct & Sewer Authority, et al., United States District Court for the
District of Puerto Rico, May 23, 2016.
4

Nonrevenue water is water in the system for which revenue cannot be earned from ratepayers because the water is
being lost from the system before reaching a customer.

5

The Puerto Rico Electric Power Authority (PREPA) owns 16 of Puerto Rico’s dams, of which PRASA manages
the reservoirs.

6

Natural Resources Defense Council, 2017.
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Regulation for the Control of Underground Storage Tanks, and the PRDOH. However, many
households and communities do not have the financial, technical, or operational capacity to
adhere to such regulations.7
Stormwater Mitigation and Flood Control
The majority of stormwater systems across Puerto Rico are managed by municipalities—all
78 municipalities have some form of storm sewer system. Another 17 nonmunicipal stormwater
systems are permitted under USEPA’s MS4. These systems are managed by governmental
entities, including the University of Puerto Rico, DNER, DTOP, Fort Buchanan, Veteran’s
Hospital, and the Local Redevelopment Authority for Roosevelt Roads. Most municipalities
manage stormwater through their emergency management, transportation, or planning
departments, but many municipalities lack dedicated staff. A legacy of a lack of maintenance and
oversight of these systems among most municipal and nonmunicipal systems, in addition to
outdated or insufficient cleaning equipment, has led to clogging and blockages. Outdated,
incomplete, or nondigital stormwater maps and unknown or illegal wastewater connections
complicate system operations and degrade the quality of receiving waters. The prevalence of
undersized systems also contributes to regular urban nuisance flooding. While some
municipalities have funded capacity improvements or cleaning and maintenance from their
general fund, poor funding for stormwater management often further compounds efforts to
mitigate urban flooding. The USEPA’s Puerto Rico office manages and grants MS4 permits
for small and large systems. Compliance to these standards remains a challenge across
Puerto Rico.
Some elements of the levee system in Puerto Rico were out of compliance with FEMA
criteria for freeboard8 at the time of Hurricanes Irma and Maria, and they may have other
structural deficiencies.9 Those levees may not provide protection from a 1 percent (1 in 100 year)
or 0.2 percent (1 in 500 year) annual chance of flood occurrence—standard benchmarks of
performance for flood mitigation. The capacity to address such legacy issues is limited by the
costs of constructing, operating, and maintaining flood mitigation infrastructure and the larger
financial challenges within both PRASA and the broader government of Puerto Rico.

7

Junta de Calidad Ambiental, Reglamento para el Control de Tanques de Almacenamiento Soterrados, San Juan:
Junta de Calidad Ambiental, 2014.
8

Freeboard is a safety factor used in flood risk management and is usually expressed as a height (in feet) of a
structure above a flood level. For more information, see Federal Emergency Management Agency, “Freeboard,”
webpage, 2018a.
9

Federal Emergency Management Agency, Flood Insurance Study: Commonwealth of Puerto Rico and
Municipalities, Vol. 1, No. 72000CV001C, Washington, D.C.: FEMA, 2012.
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Integrated Water Management
While all water sector activities and planning affect the use and management of Puerto
Rico’s natural water resources (see Table 2.1), DNER has the overarching responsibility for
water management. Specifically, this includes watershed and groundwater management and
affiliated activities such as land-use planning, erosion and sediment planning, and climate
planning. The PREQB works directly with DNER on data collection, permitting, and regulation
of issues related to water quality. Federal agencies, such as the USEPA, the U.S. Fish and
Wildlife Service, USDA, and the USGS also play a critical role in the regulation and monitoring
of Puerto Rico’s natural water resources. DNER regularly produces comprehensive water plans
for Puerto Rico, which include management priorities, climate change considerations and
impacts, and details of Puerto Rico’s laws governing water resources. DNER also coordinates
with agencies of the government of Puerto Rico on the contents and priorities of these plans. In
recent years, budgetary constraints have led to operational limitations for DNER and restricted
its capacity to enforce, manage, and implement existing plans and land-use policies.
Table 2.1. List of Frameworks and Plans Guiding Water Sector Planning and Recovery
Framework or Plan

Organization Responsible

Brief Summary

Federal Plans
Congressional Task Force on
Economic Growth in Puerto Rico

U.S. Congress

Required by Congress; 2016 report contains
an analysis of federal policies that may
inhibit economic growth and equitable
access to health care programs and
recommended changes to federal law that
would improve these conditions

National Disaster Recovery
Framework

FEMA

Framework, written in 2011, to optimally
engage existing federal resources and
authorities and to incorporate the full
capabilities of all sectors in support of
community recovery after a disaster

Capital Improvement Program for
Fiscal Years 2016–2020

PRASA

Detailed summary of the 2016–2020 PRASA
Capital Improvement Plan (CIP) including
capital projects by region, asset type,
municipality, consent decree applicability,
cost, and year of implementation

The New Fiscal Plan for PRASA to
Incorporate Modifications to the
Certified Fiscal Plan as a Result of
the Impact of Hurricanes Irma and
Maria

AAFAF, PRASA,
Government of Puerto Rico

Revised fiscal plan from April 2018 that
supersedes prior plans to include updates
and reflect the projected impact of
hurricanes on PRASA-projected revenues,
expenses, and implementation of the CIP
from 2018–2048

PRASA 2011 Water and Wastewater
Master Plan

PRASA

Identifies and analyzes PRASA’s major
infrastructure needs; develops a list of
projects and actions that address these
needs in the form of a CIP that optimizes the
use of PRASA’s resources and ensures
financial feasibility from 2011–2030

Government of Puerto Rico Plans
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Framework or Plan

Organization Responsible

Brief Summary

PRASA 2014 Master Plan Update

PRASA

Includes a water demand update,
infrastructure needs and project scope
update, CIP reconciliation, project
scheduling, and prioritization from
2011–2030

Build Back Better Puerto Rico

Governor of Puerto Rico

Summary of damage requests from
Congress across all sectors, including water;
written in 2017

Land-Use Plan (Plan de Uso de
Terrenos)

Planning Board, Office of
the Governor of Puerto Rico

Plan to improve coordination and
classification of land use in Puerto Rico to
promote fair and sustainable economic
development; written in 2016

Plan and Special Regulation for the
Special Planning Area of Karst (Plan
y Reglamento del Area de
Planificación Especial del Carso)

DNER

2013 planning document that seeks to
promote the harmonious balance between
conservation and sustainable development
in the unique geologic and ecological Karst
region

Comprehensive Water Resources
Plan (Plan Integral de Recursos de
Agua de Puerto Rico)

DNER

2016 collaborative plan to promote
sustainable integrated use of water resource
systems across natural and engineered
systems

Revised Enforcement and
Compliance Strategic Plan for NonPRASA Public Water Systems

PRDOH

Outlines Puerto Rico DOH’s plan for
supporting non-PRASA public drinking water
systems to meet safe drinking water
standards

Resilient Puerto Rico
Advisory Commission

Natural and physical infrastructure planning
to encourage resilience in Puerto Rico’s
recovery and reconstruction efforts;
published in 2018 following Hurricanes Irma
and Maria

Nongovernmental Organization Plans
ReImagina Puerto Rico

Funding Environment and Challenges
Accessing sufficient financial capital to maintain or improve Puerto Rico’s water sector
assets and operations has been a long-standing challenge. Such financial constraints became
more acute in 2014 with Puerto Rico’s financial crisis, which constrained its capacity to access
additional debt-financing.
Puerto Rico operates two revolving fund programs administered by USEPA: the Clean Water
State Revolving Fund (CWSRF) and the Drinking Water State Revolving Fund (DWSRF).
Revolving funds function like environmental infrastructure banks providing low-interest loans to
eligible recipients for water and wastewater infrastructure projects. In 1991, USEPA and PREQB
entered into an operating agreement for implementing and managing the CWSRF. In May 1998,
USEPA entered into a similar agreement with the PRDOH for the DWSRF. USEPA’s Office of
Inspector General reported on April 26, 2017, that over $774 million of state revolving funds are
at risk because of the ongoing financial crisis in Puerto Rico ($194.5 million is not available
because the Government Development Bank for Puerto Rico does not have the assets or cash
to honor the balance). Approximately $580 million in repayments owed by the largest loan
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recipient—PRASA—is at risk of nonpayment for at least two to three years (maybe longer).
Further, following the 2016 Puerto Rico Oversight, Management, and Economic Sustainability
Act (PROMESA), PRASA, municipalities, and other public water agencies are subject to
financial oversight by the Financial Oversight and Management Board. A specific process for
critical infrastructure projects—the Critical Projects Process—was also established to identify
and expedite approvals, when appropriate, for selected infrastructure investments.10 The
Financial Oversight and Management Board is also responsible for drafting fiscal plans. The
2018 New Fiscal Plan for Puerto Rico specifically calls out upgrading policies for public-private
partnerships in the water sector, repairing and modernizing water infrastructure, and emergency
response capabilities.11
Because PRASA is a government of Puerto Rico agency and the provider of water to the vast
majority of Puerto Rico’s residents, financial constraints on this agency are particularly
impactful. PRASA’s credit rating, as of July 2, 2015, was CCC-minus with a negative outlook,
according to Standard & Poor’s, and CC with a negative watch, according to Fitch.12 As of
June 30, 2017, the total outstanding debt was just over $5 billion; $321 million in debt service
was paid during 2017. 13 In August of 2018, S&P Global Ratings withdrew its ratings for
PRASA altogether, citing lack of sufficient information on PRASA’s financial status.14
PRASA has projected a decrease in operating revenue in the upcoming five-year period
because of declines in population and consumption, debt service, and increases in uncollectible
accounts. During this same five-year period, expenses are expected to decrease following
projected decreases in energy costs and labor costs, but the rate of decrease is likely less than that
of revenue, potentially leading to an imbalance.15 Moreover, the costs associated with
compliance with consent decrees or other remedial actions constitute a large percentage of
PRASA’s planned financial spending on maintenance and capital improvements. As a case in
point, nearly 30 percent of PRASA’s 2016–2020 CIP is dedicated to mandatory compliance
measures.16
Financial capacity is also an issue for non-PRASA systems. Many non-PRASA drinking
water systems are ineligible for federal grants and loans because of their often-unofficial legal
10

Financial Oversight and Management Board for Puerto Rico (Junta de Supervisión y Administración Financiera
de Puerto Rico), “Critical Projects Process,” webpage, 2018.

11

Government of Puerto Rico, New Fiscal Plan for Puerto Rico: Draft Submission, 2018c.

12

Puerto Rico Aqueduct and Sewer Authority, “PRASA Credit Ratings,” webpage, 2018b.

13

Government of Puerto Rico, Draft Revised Fiscal Plan, Puerto Rico Aqueduct and Sewer Authority, 2018b.

14

“S&P Pulls P.R. Aqueduct and Sewer Authority’s Bond Ratings,” News Is My Business, August 30, 2018.

15

Government of Puerto Rico, 2018.

16

Puerto Rico Aqueduct and Sewer Authority, “PRASA Capital Improvement Plan,” 2018a.
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status as a drinking water utility, as well as their limited capacity to service debt. In June 2015,
the Environmental Finance Center Network at the University of North Carolina at Chapel Hill
(UNC) held workshops on financial management for small water systems in Puerto Rico and
identified high energy costs and limited funding as major challenges.17 Managers of non-PRASA
systems also noted that many resources and tools to help them are not available in Spanish.
Technical, managerial, and financial capacity for these systems is limited, as demonstrated by a
poll during the UNC workshop that showed that only 10 percent of participants were paid
employees of the water systems while the rest identified as volunteers who viewed water system
management as a service to their communities. Many small systems do not have meters and,
consequently, charge a flat monthly service rate. Various sources have reported rates ranging
from $3 to $20 per month, with some systems not charging any fee, leaving inadequate resources
for compliance, repairs, or maintenance.

Prestorm Emergency Preparedness
No comprehensive or publicly available emergency preparedness plan for the water sector
was in force prior to Hurricane Maria. In the event of natural disasters, PRASA coordinates with
other agencies of the government of Puerto Rico, such as the Puerto Rico State Agency for
Emergency and Disaster Management, and federal agencies, such as FEMA’s Region II. FEMA
prepared an All Hazards Plan for the Caribbean in 2014, with appendices specifically addressing
hurricane risks to Puerto Rico and the Virgin Islands.18 However, that document largely focused
on preparedness and initial response to a hurricane and prioritized structural damages, life safety
risks, search-and-rescue operations, debris removal, and restoration of transportation and supply
chains. As such, it provided little specific guidance for preparedness of the water sector, the
likely impacts the sector could experience from a major hurricane, or the actions necessary to
respond and recover.
PRASA did take emergency management steps in the days preceding the storm to
preemptively lower water levels in Puerto Rico’s reservoirs to make room for peak flood
volumes. This enhanced the storage capacity of the reservoirs, which reduced the risk of
overtopping of dams and therefore downstream flooding.
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For more information, see UNC School of Government, Environmental Finance Center, “Puerto Rico Financial
Management Workshop,” University of North Carolina at Chapel Hill, June 2015.

18

Federal Emergency Management Agency, FEMA Region II Hurricane Annex for Puerto Rico and U.S. Virgin
Islands, Washington, D.C.: FEMA, 2014.
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Chapter Three. Water Sector Damage and Needs Assessment

Identifying the damages caused by Hurricanes Irma and Maria to Puerto Rico’s water sector
is a key entry point for understanding what investments, resources, and capacity will be needed
for a successful recovery and building long-term resilience. This chapter therefore discusses
observed hurricane damages to the sector, including both the methods by which those damage
assessments were made and key findings by subsector.

Damage and Needs Assessment Methods
Process
The initial damage and needs assessment conducted by the HSOAC Water Sector Team
occurred between February and June 2018. The process involved outreach to FEMA, other
federal agencies, government of Puerto Rico agencies, as well as nongovernmental stakeholders
in order to build understanding of the various institutional arrangements and responsibilities for
recovery and to survey potential sources of information on damages to the sector and its systems.
Once data sources were identified, the HSOAC Water Sector Team attempted to gain access to
those data, either directly from the source, such as PRASA or USEPA, or working through
FEMA’s Water Sector chief and deputy chief. In addition, HSOAC identified data resources that
are likely to become available in the future as well as damages that could be addressed through
more intensive data collection efforts, including the use of subcontractors.
Data Sources
Water sector damage assessments were obtained from federal and government of Puerto Rico
agencies, including PRASA, FEMA, USDA, and USEPA, as well as official requests from the
government of Puerto Rico for federal assistance for disaster recovery.1 A subcontract to Arcadis
Caribe, a privately owned engineering consulting firm and PRASA contractor, was retained to
collect and survey damages to Puerto Rico’s municipal stormwater systems. Additional qualitative
and quantitative information was obtained following interviews with agency staff and the receipt
of data transmitted directly to HSOAC researchers by the agencies. Table 3.1 summarizes the
key datasets presented and analyzed in this section.

1

Governor of Puerto Rico, 2017.
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Table 3.1. Summary of Key Damage Assessment Data Sources
Dataset

Source

Date of Last Update

Damage inventory

PRASA, CSA Group, Arcadis

May 18, 2018

Operational status

PRASA

Feb. 28, 2018

Damage assessments

PRASA, Arcadis

Oct. and Nov. 2017

Solar assessments

FEMA

Sept. 2017

Damage assessments

USEPA, RCAP Solutions

Feb. 22, 2018

USGS

Continuous
monitoring

Arcadis

May 14, 2018

USGS

Continuous
monitoring

USACE

Mar. 22, 2018

Surface water quality

2

Stormwater system
damage assessments
Surface water height

Dam and levee
damage inspections

3

Evaluation Notes
Inventory of 5,091 PRASA assets
and surveyed damages
Treatment plant and pumping
station operating status and
energy source (generator or grid)
Assessments and cost estimates
of 159 PRASA facilities
Non-PRASA systems, high-level
damages and energy status
Prioritized list of 27 non-PRASA
drinking water systems, little
damage data reported
Continuous monitoring of surface
water quality pre- and post-Maria
in 2 streams and 1 coastal lagoon
Survey of damage and related
costs to stormwater management
systems in 51 municipalities
Stream-gauge measurements of
surface water height before,
during, and after Hurricanes Irma
and Maria
Safety inspection and condition
report of 17 dams, 15 levee
systems, 6 channels, and
3 erosion control projects

Analysis and Analytic Outputs
The summary of damages reported here were derived from the data sources listed in
Table 3.1. With regard to PRASA facilities, the Arcadis assessments provided facility
information, an itemized list of surveyed damages (with pictures), and an itemized list of costs
corresponding to these damages. These assessments were collated into a single spreadsheet for
data analysis. Available damages were extrapolated to other facilities that lacked assessments to
generate estimated damages throughout Puerto Rico. The results from the Arcadis assessments
were also cross-referenced against other inventories of damaged assets provided by PRASA and
FEMA to ensure data consistency. The damage inventory compiled by the CSA Group and
Arcadis4 as of May 18, 2018 offered another set of information on damages to 5,091 PRASA
2

U.S. Geologic Survey, “Water-Quality Data for Puerto Rico,” webpage, 2018e.

3

U.S. Geologic Survey, “Surface-Water Data for Puerto Rico, webpage, 2018c.

4

CSA Group and Arcadis are engineering consulting firms that were contracted by PRASA to support damage
assessment efforts.
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assets. While this inventory included descriptions of damages for a significant fraction of those
assets, only a minority of those had detailed information to explain the value of those damages in
dollars.
Damage assessments for non-PRASA facilities were not standardized and rarely included
cost estimates. Damage assessment for these facilities therefore primarily focused on consolidating
several different damage/status surveys into a single consistent assessment of each system.
Surveys conducted in October and November 2017 included details such as whether the site was
still without power, if it had received a generator, potential suitability for solar power, and brief
descriptions of damages, although not all of this information was available for each of the nonPRASA sites. Given comprehensive quantitative damage data were unavailable, the results
presented here for non-PRASA facilities are largely qualitative.
Assumptions and Uncertainties
Given the limitations of storm damage data noted in the previous section, developing water
sector damage cost estimates required considerable interpolation and extrapolation from existing
data. For example, estimated damages for a given infrastructure type (e.g., a WWTP) were
applied to the same infrastructure types that lacked damage assessments. To the extent possible,
available damage estimates in a given region were applied to similar facilities in the same region
in an attempt to maintain the spatial variation in hurricane impacts. This approach provided
initial rough order-of-magnitude estimates of the total damages to Puerto Rico’s water
infrastructure. The information in this report was collected through June 2018. Uncertainty in the
actual damages incurred by Puerto Rico’s water infrastructure, as well as uncertainty in the cost
of those damages, will decline over time as more damage assessment data are collected and
acquired and, more important, as efforts to implement recovery projects proceed.

Damage Caused by Hurricanes Irma and Maria
Summary of Key Impacts
The 2017 hurricane season caused a broad range of damages to Puerto Rico’s water sector
and its various subsectors. There was a loss of drinking water services throughout much of
Puerto Rico as well as disruption of, or damage to, wastewater infrastructure such as sewage
treatment plants. These consequences were either caused, or exacerbated, by widespread loss of
electrical power to water and wastewater assets, including treatment plants and pumping stations.
The hurricanes also revealed vulnerabilities in municipal stormwater management systems
stemming from deferred maintenance, clogging, and inadequate capacity. In addition, significant
damage was caused to some dams, particularly the Guajataca Dam in northern Puerto Rico, and
various flood mitigation levees. The following sections provide additional details on the specific
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impacts that were observed across Puerto Rico’s water subsectors based on the best information
available at the time of HSOAC’s recovery planning efforts.
Damages to PRASA Water and Wastewater Systems
Following Hurricanes Irma and Maria, PRASA faced significant challenges to the provision
and restoration of water and wastewater services. On October 3, 2017, immediately following
Hurricane Maria, all PRASA clients lacked drinking water; 40 of PRASA’s 114 drinking water
plants were damaged and out of service because of debris or inundation surrounding water
intakes; and 800 drinking water pumping stations lacked power and were out of service. In
addition, 22 of the 51 WWTPs were nonoperational; three facilities were fully inundated; 222 of
PRASA’s 714 sanitary pumping stations were out of service and those that were functional were
operating on alternative power sources; and significant damage to trunk sewers caused major
sewage overflows, particularly at intersections with surface water. Because of these outages,
over 13.7 billion gallons of untreated wastewater were discharged into the San Juan metropolitan
area after energy failures at PRASA WWTPs and wastewater pumping stations.5 Estimates also
show 780 million to 1,193 million gallons (MG) of untreated wastewater were discharged near
Manatí, Mayagüez, and Ponce.6
During the several months following Hurricane Maria, PRASA worked to restore water and
sewer services. Nevertheless, a range of challenges persisted. As of March 2018, six months after
Hurricane Maria made landfall, PRASA was still managing challenges that included
•
•
•
•

limited water supply sources stemming from reservoir levels, water supply interruptions,
and blocked or collapsed water intakes
uncertain energy access because of a lack of fuel for emergency generating units,
shortages of emergency generating units, and electrical component damage
sewage overflows in WWTPs, compounded by collapsed trunk sewers and sewer lines
severe damage to operational facilities and office buildings, as well as constrained
operational capacity because of vehicle and communication line damages and blocked
access to assets.

Figure 3.1 illustrates the persistent nature of hurricane damages experienced by drinking
water and wastewater assets. Although the large majority of WTPs and WWTPs were again
operational five months after Hurricane Maria, they were operating below their full operational
capacity.

5

National Oceanic Atmospheric Administration, Quantifying Sewage Contamination into the Environment: A Rapid
Assessment in Support of the Natural and Cultural Resources RSF, May 2018.
6

National Oceanic Atmospheric Administration, Quantifying Sewage Contamination into the Environment, May
2018.
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Figure 3.1. Operational Status: PRASA Water and Wastewater Treatment Facilities (as of
February 28, 2018)

SOURCE: U.S. Environmental Protection Agency, “PRASA Before and After the Hurricane,” February 28, 2018.

In the months immediately following Hurricane Maria, damage assessments and repair cost
estimates were developed based on multiple surveys. As time elapsed, the quality and
comprehensiveness of these surveys improved. Nevertheless, a number of data gaps existed in
terms of both the assets included and the damage costs for each asset. As such, gaining a
somewhat complete picture of storm damages to PRASA necessitated combining information
from multiple sources and extrapolation to fill gaps.
The earliest damage assessment for PRASA was completed by Arcadis. That assessment
included approximately 330 assets that were assessed for damages associated with FEMA
category A (debris removal), B (emergency protective measures), and F (utilities) damages/
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costs.7 These assets include 16 office buildings, 10 distribution or transmission pipes, 15 sanitary
trunk sewers, 66 water intakes, 5 wells, 112 WTPs, 10 drinking water pumping stations,
51 WWTPs, 24 wastewater pumping stations, 12 storage tanks, and 3 sanitary wastewater
collection pipes. Arcadis developed cost estimates for each asset that would cover the cost of
restoring the asset to its prestorm condition, plus the costs to bring the asset into compliance with
standards and codes and additional costs for repair owing to contingencies, engineering, and
construction. For the 330 assets reported, these estimated costs totaled $257.4 million. However,
the damage assessments and cost estimates carried out by Arcadis were largely intended to
support PRASA insurance claims and therefore do not constitute a Public Assistance–eligible
damage assessment or cost estimate.
Arcadis subsequently generated total damage estimates by extrapolating damage assessments
for surveyed facilities of a given type to those still lacking estimates. This projected estimate for
all PRASA facilities was $757.9 million. The two largest costs, which accounted for one-third of
the total estimated costs, corresponded to damages to PRASA’s headquarters buildings and
PRASA’s Central Laboratory in Caguas. The latter facility was so severely damaged that
PRASA opted to demolish the structure in its entirety at an estimated cost of $1.5 million.8
In addition to insurance cost estimates, to comply with FEMA disaster assistance
requirements, PRASA was obligated to produce a damage inventory that cataloged damages to
its assets. This inventory was updated over time as assessments were completed, with PRASA
contracting much of the assessment work to CSA Group and Arcadis. An early version of this
damage inventory (from March 28, 2018) estimated the total damages at $1.14 billion,9 yet
incomplete information was available for a broad range of assets. An updated inventory (dated
May 18, 2018) included almost $19 billion in costs as broken down in Figure 3.2. Note, Figure
3.2 does not include damage to, and degradation of, water and wastewater pipes, for which the
cost of replacement was estimated at over $16 billion, therefore representing 86.8 percent of total
estimated damages to PRASA assets. The updated estimate also included damage estimates for
reservoirs, which totaled approximately $1.03 billion. The remaining $1.5 billion across
remaining assets still exceeded the previous damage estimate by approximately 23 percent.

7

FEMA Public Assistance grants are processed according to seven categories of work. Two categories are
considered Emergency Work (categories A–B) and five categories are considered Permanent Work (categories C–G).
More information can be found in Federal Emergency Management Agency, Public Assistance Program and Policy
Guide, Washington, D.C.: FEMA, 2018b.

8

Government of Puerto Rico, “Aviso de Subasta” (Demolition of PRASA’s Central Laboratory Cagus, Puerto
Rico), Subasta Número 19-SP-004, 2018a.
9

Note that this estimate was for category A, B, and F damages whereas the May 18, 2018, updated inventory
estimates were for category A, D, E, and F damages.
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The May 2018 inventory contained 5,091 PRASA assets plus an overall assessment of
damages to pipes, all of which had some form of qualitative damage description. These
5,091 assets included 1,900 water storage tanks, 1,311 water pump stations, 991 wastewater
pump stations, 416 water wells, 191 water intakes, 114 WTPs, 87 offices, 51 WWTPs, 19 water
mains, and 9 reservoirs. In addition, the inventory included information about the location of
assets and causes of damages and cost estimates, either direct or projected, for category A, D, E,
and F damages for all assets.10 The damage inventory also contained some limited qualitative
descriptions of the types of damages that different assets experienced—for example, damages to
electrical, mechanical, and telemetry equipment; buildings, signs, and fencing; water and
wastewater treatment equipment and storage tanks; pipes and conveyances; and erosion of
reservoirs.
Figure 3.2. Estimated Category A, D, E, and F Damage Costs for PRASA Assets

SOURCE: CSA Group/PRASA, May 18, 2018.
NOTE: Figure 3.2 does not include water mains as an asset category. Damage estimates for water mains totaled
$142,500, which was a small value relative to other asset types.

10

FEMA Public Assistance grants are processed according to seven categories of work. Two categories are considered
Emergency Work (categories A–B) and five categories are considered Permanent Work (categories C–G). For more
details see Federal Emergency Management Agency, 2018b.
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Figures 3.3 to 3.5 provide details on the geographic distribution of damages to PRASA
assets based on the damage inventory. They include information on the asset types inventoried
(Figure 3.3), as well as information on facilities reporting damage specific to generators
(Figure 3.4) and cost estimates for damages by facility (Figure 3.5). These figures illustrate
Figure 3.3. Select Assets Included in PRASA Damage Inventory

SOURCE: Puerto Rico Aqueduct and Sewer Authority, “PRASA Damage Inventory,” May 18, 2018.
NOTE: Solid circles represent the approximate location of PRASA assets, including WTPs, WWTPs, and pumping
stations.

Figure 3.4. Known PRASA Assets Reporting Generator-Related Damage

SOURCE: Puerto Rico Aqueduct and Sewer Authority, “PRASA Damage Inventory,” May 18, 2018.
NOTE: Solid circles represent the approximate location of PRASA facilities that reported some form of damage to onsite electricity generators, including either superficial damage to generator buildings and/or direct damage to the
generator itself.
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Figure 3.5. Cost Projections for Damaged Assets Included in the PRASA Damage Inventory

SOURCE: Puerto Rico Aqueduct and Sewer Authority, “PRASA Damage Inventory,” May 18, 2018.
NOTE: Solid circles represent the approximate location of PRASA assets. Size and color of the circles represents
different levels of projected damage (in dollars) associated with each asset. For many assets, damage estimates
represent approximates based on extrapolation from other sources.

that damages were widespread, affecting assets and infrastructure throughout Puerto Rico.
However, they also reveal the concentration of damages in areas with higher population densities
and therefore higher asset exposure, such as the greater San Juan area.
Damages to Non-PRASA Water and Wastewater Systems
Available damage assessment surveys of non-PRASA drinking water facilities were
conducted on 244 well and surface water sources that served on the order of 90,000 people.
Unfortunately, these surveys generally did not specify the damages that resulted from the
hurricanes but instead focused on the operational status of the facilities. Assessments performed
by FEMA’s Water Task Force in the wake of Hurricane Maria (between October and November
2017) classified the operational status of 236 out of the 244 non-PRASA systems using a fourcolor system. “Green” referred to those systems (203) that were fully operational, even if on a
temporary generator, and capable of providing a reliable source of water. Some of these sites,
however, still lacked disinfection capability. “Yellow” referred to those systems (3) that were
damaged and still in need of repairs but also still functioning. “Orange” referred to those systems
(16) that required major repairs but were still able to provide some water to the population.
Finally, “red” referred to those systems (14) that were not able to dependably provide water, had
no power, and/or had no generator. Subsequent assessments from February 2018 identified
multiple non-PRASA facilities with persistent water quality issues. Ten were classified as a
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priority by the government of Puerto Rico and eight that were classified as a USEPA priority,
with these facilities typically still without power and serving over 200 people (Figure 3.6). The
majority of USEPA priority systems were also state priority systems. It is unclear what either of
these priorities indicated and how these priorities were determined.
Figure 3.6. Post–Hurricane Maria Status of Non-PRASA Drinking Water Systems

SOURCE: Data compiled by the FEMA Water Task Force and provided to HSOAC by the Rural Community
Assistance Partnership.
NOTE: Solid circles represent the approximate location and status of non-PRASA drinking water systems as
assessed between October 10 and November 13, 2017. The colors represent the operational status of each system,
with green indicating the facility was in working order at the time of the assessment and red indicating the system was
either not operational or not in compliance because of contamination.

A review of these status assessments11 indicated damage to water distribution piping and
storage tanks at 60 and 65 sites, respectively, with some of these damages reportedly caused by
landslides. Clogged piping/intakes and site inaccessibility caused by debris were also reported.
There were also some instances of damage reported to chlorination systems, pumps, and local
infrastructure (e.g., roads that prevented access to water systems). In addition, damaged
generators were reported, although it was not specified if those generators had been operating
prior to the hurricanes.

11

Of the 244 listed non-PRASA systems, 240 had some sort of assessment performed.
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There are no comprehensive damage assessments of non-PRASA wastewater systems
following Hurricanes Irma and Maria. As such, septic and community wastewater systems are
not described in this section.
The primary impact of the storms on non-PRASA drinking water facilities, however, was the
loss of power that rendered many of the community well and surface pumps inoperable.12 In the
majority of cases, generators were provided or were actively being sought by the USEPA,
FEMA, or the NGO Water Mission to power these pumps. In some cases, generators were
collectively purchased by the community.13 Many communities have reverted to the use of
manantiales, small springs that either discharge from groundwater or from nearby surface water,
which are unregulated and untreated. As such, the second primary impact of the storms was their
effect on water quality. As mentioned previously, in addition to energy losses and use of
manantiales, damage to chlorination systems was commonly reported. Not all non-PRASA
sources, however, had disinfection capability to begin with, including those in which
contaminated well water was observed. For example, according to the damage assessment
surveys, one community was reported to have fecal coliform in its water, suggesting serious
health concerns. It was not specified, however, if these water sources were contaminated prior to
the storms. Prestorm evaluations indicated that 24 percent of non-PRASA facilities did not treat
drinking water and 45 percent did not conduct monthly water quality testing.14 In total, 68 sites
reported potential water quality issues, stemming either from damage to existing chlorination
systems or a lack of disinfection capability. Sixty gravity-fed non-PRASA community water
supply wells were not compromised. In one case, a community had been relying on PRASA for
its water but reverted to its gravity-fed well once power was lost. Some of these communities,
however, still suffered damage to their water distribution systems.
Damages to Stormwater Systems
The majority of stormwater infrastructure is owned and operated by municipalities in Puerto
Rico.15 As a result, there were few mechanisms for centralized situational awareness of
stormwater system damages or failures or estimates of damage and/or repair costs. Initial
12

Unfortunately, the number of non-PRASA facilities that lost power immediately after Hurricane Maria was
unavailable at the time of writing, but the data imply that most, if not all, sites did lose power.
13

Required generators at this scale are typically on the order of 20 kilowatts (kW), with one community spending
approximately $18,000 on a single unit.
14

A. Martínez, and R.A.C. Ríos Dávila, “Comparative and Operational Analysis of Non-PRASA Community Water
Systems,” 2016.

15

Under USEPA’s MS4 program, 89 stormwater systems are permitted—72 of which are municipally owned while
17 are nonconventional systems owned and operated by other entities, such as the University of Puerto Rico.
Stormwater systems in six municipalities do not meet the statutory definition of a small municipal separate storm
sewer system in an urbanized area and are not permitted.
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anecdotal reports from municipalities included blockages of stormwater systems as well as urban
flood events. These outcomes suggest portions of stormwater infrastructure were either damaged,
not fully functional, or lacked sufficient capacity to manage stormwater.
To better understand impacts to stormwater systems, HSOAC commissioned a synthesis
assessment of municipal stormwater systems during the recovery planning process. Arcadis U.S.
was contracted by HSOAC to conduct stormwater damage assessments from Hurricanes Irma
and Maria in Puerto Rico. To perform the damage assessments, Arcadis gathered available
mapping and system data, performed field interviews with 51 municipalities (see Table 3.2)
representing more than 70 percent of Puerto Rico’s municipalities, identified areas impacted by
the hurricanes, and identified ownership of impacted stormwater assets. Because of a one-month
time frame and budget constraints, only partial visual inspections were performed, primarily on
the principal damaged areas in each municipality that was surveyed. Arcadis relied on the
information provided by the municipalities’ officials to present an understanding of the
stormwater system’s condition, as outlined in the scope of work.
After collecting this data, Arcadis analyzed the information to develop an order-of-magnitude
cost estimate of the damages per system. Actual cost estimates were used when available from a
municipality, but the majority of municipalities had no detailed costs of damages. Hence, all
remaining cost estimates were developed using two major categories—individual points of
damage (collapsed pipe, damaged bridge culvert, landslide, etc.) and estimated area of damage
(acres flooded, stormwater system area impacted, etc.) with average costs estimated on a peritem or per-acre basis. Source cost data included FEMA Cost Code Listing,16 Arcadis’s internal
cost guides and PRASA damage assessments, and detailed cost estimates or bid tabs from
individual municipality stormwater system projects. Post-Maria costs were found to be up to five
times more expensive than Pre-Maria costs, so all unit costs from 2017 or earlier had an
additional cost increase factor added when converted to 2018 dollars. Table 3.2 and Figure 3.7
consolidate the results of the stormwater assessment, providing a summary order-of-magnitude
cost estimate and mapping stormwater damages for each municipality. The estimated stormwater
sewer system damages resulting from this investigation, as shown in Table 3.2, amount to more
than $215 million, or an average of approximately $5,300 per damaged acre. Figure 3.7 displays
this damage graphically.
In addition to municipalities, Arcadis met with DTOP and DNER to discuss known damages
to stormwater infrastructure managed by the departments. DNER provided the coordinates of
14 pump stations that DNER owns or maintains. DNER did not provide additional information
on damages to the pump stations as a result of Hurricane Maria. Fourteen of the pumps were
managed through the Division of Regional Operations and two pumps were located at dams
16

Federal Emergency Management Agency, “Cost Code Listing,” 2010.
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Table 3.2. Summary of Stormwater System Damage Assessments

Region

Municipality

Major Source
of Damage

Significant
Damaged
Infrastructure

Total Area
Impacted by
Atypical
Flooding

Pump
Stations
Damaged

Pipe
Collapse
Incidents

Estimated
Stormwater
System
Damage
Cost

East

Aguas Buenas

Erosion

Pipe collapse

14 acres

0

1

$65,800

East
East
East
East

Aibonito
Caguas
Cayey
Ceiba

Flooding
Flooding
Flooding
Flooding

Bridge culverts
Bridge culverts
Bridge culverts
Blocked canal

136 acres
259 acres
1,345 acres
1,030 acres

0
0
0
0

0
6
0
2

$2,269,000
$5,303,200
$9,637,800
$5,055,100

East
East

Comerío
Fajardo

Flooding
Flooding

161 acres
4 acres

0
0

0
10

$987,900
$2,391,800

East
East

Gurabo
Humacao

Wind and flooding
Flooding

540 acres
1,707 acres

0
0

1
0

$2,707,000
$6,111,300

East
East
East
East

Juncos
Las Piedras
Luquillo
San Lorenzo

Wind and flooding
Wind and flooding
Flooding
Wind

Destroyed bridge
Landslides and
pipe collapses
Sedimentation
Roadside
channel
Pipe collapse
Pipe collapse
Bridge culverts
Bridge culverts

136 acres
113 acres
200 acres
334 acres

0
0
0
0

20
15
0
1

$1,402,800
$1,171,300
$1,445,100
$1,184,100

East

Yabucoa

Wind

0 acres

0

0

$0

Metro
Metro
Metro

Bayamón
Canóvanas
Carolina

Flooding
Flooding
Flooding

1,517 acres
1,638 acres
552 acres

0
0
0

5
0
0

$7,443,300
$7,861,500
$7,600,000

Metro

Cataño

Flooding

226 acres

9

2

$2,148,900

Metro

Guaynabo

Flooding

1,716 acres

0

2

$9,211,300

Metro

Loíza

Flooding

445 acres

2

0

$2,345,300

Metro
North

San Juan
Arecibo

—
Flooding

—
1

a

—
0

a

—
$2,799,600

North

Corozal

Flooding

No significant
damage reported
Pipe collapses
Landslides
Roads, bridges,
and stormwater
system
Flooded pump
stations
Landslides and
pipe collapses
Flooded pump
station
a
—
Loss of
stormwater
pump station
Landslides

North

Dorado

Flooding

North

Hatillo

Flooding

North

Jayuya

Flooding

North
North

Lares
Manatí

Flooding
Flooding

North

Morovis

Flooding

a

a

—
1,043 acres

0

0

$623,000

No major
783 ac
structural
damage
Pipe and
9 acres
channel collapse
Box culvert and 191 acres
pipe collapse

0

0

$3,745,500

0

2

$117,000

0

3

$1,188,300

Pipe collapse
32 acres
Outfall along PR- Not provided
2 highway
No details
567 acres
provided

0
0

1
1

$190,600
$19,766,000

0

0

$2,712,800
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1 acres

a

Region

Municipality

Major Source
of Damage

Significant
Damaged
Infrastructure

Total Area
Impacted by
Atypical
Flooding

Pump
Stations
Damaged

Pipe
Collapse
Incidents

Estimated
Stormwater
System
Damage
Cost

North

Utuado

Flooding

Flooded pump
station and pipe
collapse

—

1

6

$482,600

North
West
West
West

Vega Baja
Aguada
Aguadilla
Añasco

Flooding
Flooding
Flooding
Flooding

Pipe collapse
Pipe collapse
Blocked pipes
Pipe collapses
and bridge
culvert issues

1,312 acres
1,678 acres
235 acres
8,024 acres

0
0
0
0

2
1
0
188

$6,276,400
$8,065,800
$1,125,900
$38,385,300

West

Cabo Rojo

Wind

364 acres

0

0

$1,741,900

West
West

Isabela
Mayagüez

Flooding
Flooding

304 acres
1,511 acres

0
0

3
0

$1,565,000
$7,227,300

West

Moca

Flooding

1,746 acres

0

0

$8,351,700

West

Flooding

—

0

10

$205,300

West
South
South

Sabana
Grande
San Sebastian
Adjuntas
Arroyo

No details
provided
Pipe collapses
No details
provided
No details
provided
Landslides and
pipe collapses
Landslides
Landslides
Capacity issues

38 acres
36 acres
530 acres

0
0
0

0
0
0

$385,800
$170,600
$2,571,900

South

Coamo

Flooding

53 acres

0

0

$1,379,200

South

Guayama

Flooding

421 acres

0

1

$2,738,500

South

Guaynilla

Flooding

201 acres

0

0

$961,200

South

Orocovis

Flooding

131 acres

0

76

$6,583,200

South

Patillas

Wind and flooding

227 acres

1

0

$1,274,300

South

Penuelas

Flooding

208 acres

1

1

$2,513,800

South

Ponce

Flooding

No details
provided
Pipe collapse
and capacity
issues
No details
provided
Landslides, pipe
collapses, and
bridge culvert
issues
Flooded pump
station and
landslides
Flooded pump
station and pipe
collapse
Flooded pump
station

356 acres

1

0

$2,118,000

South

Salinas

Flooding

3,659 acres

1

0

$8,923,000

South

Santa Isabel

Flooding

1,008 acres

0

0

$4,822,100

South

Yauco

Flooding

Flooded pump
station
No details
provided
Flooded WWTP

Flooding
Flooding
Flooding

Total
a

—
36,741 acres

San Juan had not provided damage information at the time of writing.
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0

0

$489,900

17

360

$215,844,000

Figure 3.7. Map of Puerto Rico Stormwater System Damages from Hurricane Maria

SOURCE: Arcadis, 2018.

managed by the Division of Water and Minerals Management. DTOP described known areas of
flooding following Hurricane Maria and approximate flood elevations. DTOP identified a total
area of approximately 19,800 acres. DTOP did not provide a cost estimate or specific damages,
so these figures are not included in this report.
In general, the Arcadis assessments found that in many of the municipalities interviewed,
lack of data, monitoring, and maintenance contributed to regular urban flooding and slow
recovery and cleanup of stormwater systems after Hurricanes Irma and Maria. Some
municipalities, such as Arecibo, do have digital records and hired contractors to perform
post-hurricane cleaning to remove debris and blockages. As of May 2018, the majority of
municipalities still lacked comprehensive assessments of damages and the conditions of their
systems. Municipalities also reported that system capacity is often undersized for the quantity
and frequency of rainfall events, and when combined with damages and debris, will likely
continue to underperform in heavy precipitation events.
Damages to Flood Mitigation Systems
The hurricanes damaged some of Puerto Rico’s dams and levees. The high rainfall totals and
runoff associated with Hurricane Maria resulted in extensive flooding. Stream-gauge data from
Puerto Rico indicated that discharge rates for some streams were several-fold higher than
observations in prior or subsequent months (Figure 3.8). These data reflect not only the flood
impacts but also are suggestive of the unmeasured erosion and scouring of waterways, which
contributed, in some cases, to damage to Puerto Rico’s flood mitigation infrastructure.
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Figure 3.8. Monthly Maximum Stream Discharge Information for Select USGS Gage Stations

SOURCE: U.S. Geologic Survey, “Current Water Data for Puerto Rico,” webpage, 2018a.
NOTES: Curves represent the monthly maximum observed discharge for 12 USGS stream gauges around Puerto
Rico from April 2017 through March 2018. Data reveal the anomalously high discharge values observed for some
streams in September associated with Hurricanes Irma and Maria. The gray shaded region indicates the period of
time in which discharge peaked because of Hurricane Maria.

With regard to the levee systems, the Governor’s Build Back Better Puerto Rico report from
November 2017 stated that, in total, 13 levee systems were damaged by the storms and were in
need of repair to restore full integrity.17 The report also requested $100 million in the coming
years for these repairs and associated compliance. Surveys conducted by USACE in early
October,18 however, reported damages to only five levee systems: the Rio Matilde, Rio Anton
Ruiz, Rio Grande de Arecibo, Rio Grande de Manatí, and Bucana East Waterway. Of these five,
the Rio Grande de Arecibo and Rio Grande de Manatí levee systems were classified as severely
damaged. The former sustained damage to its western levee, including its culvert outlet that was
17

Governor of Puerto Rico, 2017.

18

In total, USACE surveyed 25 unique levee systems, reporting damage to five of them. Of these 25, 12 of the
systems were found to be consistent with the national levee inventory.
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dislodged from its supports. The latter suffered damage to the embankment of its eastern levee
from high-velocity flows while its western levee was affected by a landslide. The other three
levee systems were classified as more moderately damaged primarily from embankment erosion
from flooding and debris buildup. The Rio Anton Ruiz system also experienced damage to its
culverts from increased water salinity. Those systems that were classified as having no damage
(e.g., no embankment erosion or culvert dislodgement), in some cases, still experienced debris
buildup.
USACE also conducted surveys of 18 dams19 at the end of September and beginning of
October 2017,20 with only one, the Guajataca, determined to have potential life-safety issues.
The remaining 17 dams were found to have “no immediate . . . safety issues,” with 11 reporting
issues/damages from erosion to abutments and discharge channels, six reporting facility access
issues because of debris, three reporting instrumentation (e.g., gauge) issues, and one, the Dos
Bocas, reporting damage to all three of its hydroelectric turbines from landslides, with one
damaged beyond immediate repair. USACE observed that several of these dams also had minor
damage to spillways, although they were not classified as safety issues. In addition, only the
assessment of the Toa Vaca Dam implied there were reservoir-water-level control issues. Finally,
while Guayabal Dam was still classified as having no safety issues, the survey of the dam
determined that additional erosion from future storms could create safety concerns if erosion to
its embankments went unaddressed.
The most significant damage was seen at the Guajataca Dam. During Hurricane Maria,
Guajataca’s reservoir surged, ultimately overwhelming and cracking the emergency spillways,
thus compromising its flood mitigation capacity. In addition, erosion was observed in the
channel downstream of the spillway and a downstream bridge was also destroyed. Riprap that
had armored the downstream spillway channel was destroyed, allowing a head cut to form,
further compromising channel integrity. A surface tension crack of approximately 30 feet in
length was also observed in the channel. The USACE advised the dam owner to reduce the
reservoir levels to mitigate the channel head cutting, given the associated safety risk if the cut
were to move up to the dam. The USACE survey also found that the dam’s 56-inch water supply
and 96-inch river outlet pipes had also been damaged, with the water supply pipe operating at
only 10 percent volume.
The damages to Guajataca posed a major safety concern to the 70,000 people living
downstream from the dam. The USACE noted the severity of the damage to the Guajataca Dam,
stating on September 28, 2017, that the spillway was in a progressive failure mode and that
19

These 18 dams are the Caonillas, Carite, Cerrillos, Cidra, Upper and Lower Comerio, Dos Bocas, Garzas,
Guajataca, Guayabal, La Plata, Las Curias, Loiza, Lucchetti, Mutrillas, Patillas, Portugues, and Toa Vaca.

20

These 18 dams are consistent with those listed in the national inventory, which reports a total of 38 dams in
Puerto Rico.
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complete failure could lead to loss of downstream life. Dam failure would have also
compromised the water supply to nearly 350,000 Puerto Ricans. Residents were advised to
evacuate at the end of September, although few ultimately sought emergency shelter.
By the end of 2018, the integrity of Guajataca Dam had been stabilized and as of January 18,
2018, the second phase of repairs was underway to provide temporary fixes to the spillways
using low-density concrete. Work will continue for the next two years to repair and improve the
spillways. The total cost to reconstruct the spillways and modernize the dam design was
estimated at $258 million in PREPA’s 2018 Fiscal Plan.21 In addition, pumps were installed to
maintain the reservoir’s supply of water while recovery efforts were conducted. Concerns were
also centered on maintaining the minimum reservoir depth to ensure potable water. Water
rationing would be necessary if this minimum depth cannot be maintained. Other ongoing issues
included pump reliability as well as repair lead times when manufacturing new pipes.
Water Quality Impacts
No comprehensive assessment of watershed impacts of Hurricanes Irma and Maria was
conducted prior to HSOAC’s involvement in recovery planning efforts. Anecdotal information
on debris blockages in and around urban watersheds and associated flooding, ponding, and
damage to water intakes was reported. Debris, in particular, was a concern for the upper reaches
of rivers and streams, as was erosion and sedimentation of waterways and reservoirs. An analysis
of the Dos Bocas Watershed, the main source of water for the San Juan area, following
Hurricanes Irma and Maria found that 30,091,078 cubic yards of sediment was released from
12,597 landslides across the watershed.22 The timing, quantity, and magnitude of desilting and
sediment removal in reservoirs, such Guajataca Dam, are operational questions facing those
involved in implementing disaster recovery projects.
Many of Puerto Rico’s WWTPs experienced overflow events and dumped raw sewage into
watersheds. At one point in early 2017, 30 of PRASA’s sanitary sewer pumping stations were
overflowing directly into waterways or land surfaces. From a NOAA analysis, over 13.7 billion
gallons of untreated wastewater were discharged into the San Juan metropolitan area after energy
failures at PRASA WWTPs and wastewater pumping stations, and estimates of 780 million to
1,193 MG of untreated wastewater were discharged near Manatí, Mayagüez, and Ponce.23
Estimates of wastewater discharges are aggregate and do not specify the location or extent of
water quality impacts within a given watershed (Figure 3.9).
21

Puerto Rico Electric Power Authority, “Fiscal Plan,” 2018a.

22

U.S. Department of Agriculture, Assessment of Puerto Rico’s Erosion and Sedimentation Impacts After
Hurricane Maria, May 2018.

23

National Oceanic Atmospheric Administration, May 2018.
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Figure 3.9. Cumulative Sewage Discharge by Watershed (Millions of Gallons)

SOURCE: National Oceanic Atmospheric Administration, 2018.

Post-Hurricane Response
During the disaster response phase, a broad range of government and NGOs (e.g., nonprofits
and private businesses) provided support and assistance to the Puerto Rico water sector to
address the aforementioned damages. This work included technical assessments and support
(e.g., damage assessments, water quality assessments, guidance on applications for disaster
assistance), service augmentation (e.g., distribution of bottled water), debris removal, and the
provision of assets and resources to temporarily replace damaged infrastructure (e.g., solar water
pumps or generators). A major focus of response efforts concentrated on providing immediate
short-term assistance to maintain life, public health, safety, and the morale of affected
populations in Puerto Rico. More permanent solutions to storm-damaged infrastructure are
addressed through the recovery phase—including recovery planning and the implementation of
priority projects and programs to facilitate recovery. More information on recovery planning for
the water sector is provided in Chapter 4.
A priority emergency response action was the provision of bottled water and the
establishment of oases—centralized water distribution locations—that served over 500,000
PRASA and non-PRASA clients (Figure 3.10). In addition, PRASA received FEMA Public
Assistance reimbursements that allowed the agency to implement a number of response actions,
including debris removal and the distribution of emergency generators and fuel, which were used
to repower WTPs, WWTPs, and pumping stations.
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Figure 3.10. Emergency Drinking Water Distribution by PRASA Through January 28, 2018

SOURCE: Puerto Rico Aqueduct and Sewer Authority, “PRASA Capital Improvement Plan,” 2018a.
NOTE: The y-axis shows the number of units of each water provision type (e.g., faucets, blisters). Categories indicate
different types of emergency drinking water provision.

The USEPA also worked with NGOs (including Water Mission, Samaritan’s Purse, Project
Hope, and RCAP Solutions) to assist communities that rely on drinking water sources from nonPRASA systems. Actions taken included technical assistance and training, repairing damaged
systems, providing generators, and in some cases, equipping systems to operate on solar power.
Given that non-PRASA facilities are typically situated in smaller/rural communities, the USEPA,
USDA, and Water Mission emphasized the use of solar power generation to sustain local water
services until a reliable power grid was restored. Of the approximately 244 identified nonPRASA sites, the USEPA flagged 100 potential candidates for solar panel arrays, with two
arrays having already been installed as of October 2017. By May 2018, solar-powered water
pumping systems had been installed to restore drinking water provision in 46 non-PRASA
communities.24,25As proposed by the USEPA, these arrays could either be temporary or
permanent, with the former costing approximately $50,000 each. This cost included a feasibility
analysis, installation, training, and some life-cycle maintenance. A permanent installation would
cost approximately $75,000, which, in addition to the aforementioned costs included the
installation of permanent fixtures and necessary permitting. For these solar-compatible sites, a
proxy for total damages was the cost of a permanent solar array, totaling approximately
$7.5 million for the 100 installations. Other measures for increasing the resilience of these solar
24

U.S. Environmental Protection Agency, “EPA Teams Up with Non-Governmental Organizations to Help Restore
Drinking Water to Communities in Puerto Rico,” news release, 2017a.
25

Water Mission, “Water Mission Responds in Puerto Rico,” webpage, 2017.
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power systems against future storms and potential integration into the restored grid will need to
be considered as recovery continues.
As mentioned previously, significant efforts were also made to stabilize Guajataca Dam,
given the immediate risks to health and safety. This included repairs to the dam’s damaged
spillway and efforts to continue the distribution of water from the reservoir to nearby
communities.
Despite a diverse array of disaster response efforts, the extensive damages sustained by
Puerto Rico’s water sector from Hurricanes Irma and Maria resulted in a number of critical needs
and challenges to be addressed during the recovery process. Specific recovery actions and the
process by which they were developed are presented next in Chapter 4. As a segue to that
material, the following list represents some of the key needs that emerged from the disaster
response phase.
•

•

•

•

•

Improve the fiscal sustainability of the water sector—PRASA’s ongoing challenges
with servicing federal and private debt, fare evasion, declining population, and lack of
access to capital markets are critical issues for both the near-term recovery of the water
sector as well as the ability to build and sustain resilience over the long term. The
financial health of non-PRASA and stormwater systems also compromise their ability to
provide safe and reliable water services.
Complete repairs to Guajataca Dam—Although multiple dams in Puerto Rico
experienced some degree of damages, Guajataca Dam was the only one that was
evaluated to pose immediate safety concerns. In particular, the replacement of the water
supply conduit and the stabilization and restoration of the spillway were priorities, and
efforts were launched to address both of these needs by PREPA, PRASA, and USACE.
Improve electricity reliability—As of March 2018, a significant number of drinking
water and wastewater facilities in Puerto Rico were still operating on temporary
generators. The burden of providing fuel and security for generators reduced reliability of
drinking water and wastewater services, which posed potential risks to water safety. In
addition, the installation of backup power supplies to water and wastewater facilities is a
priority in order to reduce facilities’ dependence on the electricity grid while enhancing
resilience of the water sector to future storm events.
Improve drinking water safety—The legacy of noncompliance with, and violations of,
drinking water quality standards, combined with the reduced reliability of drinking water
services because of the disruption of water services and infrastructure after Hurricanes
Maria and Irma, reduced the confidence that Puerto Rico residents and industries have in
the safety of water systems. In addition, Puerto Rico does not routinely test non-PRASA
systems, collect data on water-related disease outbreaks, or notify the public when noncompliance events have occurred. Restoring confidence was a fundamental need for the
sector and the broader recovery of Puerto Rico.
Repair degraded infrastructure—The high rate of nonrevenue drinking water in the
PRASA system was indicative of fare evasion and suboptimal metering but also
significant infrastructure degradation. Such degradation was also evident in the
wastewater system, particularly in areas where population has been in decline.
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•

•

Microbiologically induced corrosion associated with hydrogen sulfide undermined the
structural integrity of the system. Further, flood mitigation and stormwater systems
require repairs and improvements, are undersized, and have not been properly
maintained. Addressing such degradation was a critical element to building the water
sector back to a more resilient state and ensuring effectiveness against future disasters
and flood events.
Address reservoir sedimentation and operations—Enhancing the capacity and
operations of Puerto Rico’s reservoirs was critical for conveying greater drought
resilience to the drinking water supply and greater flexibility in flood mitigation. Most
dams operate for either water supply or are based on outdated hydropower generation
rules, not to optimally balance flood mitigation and water supply. Improving reservoir
operations and reversing the sedimentation that occurred over multiple decades and
which was exacerbated by Hurricane Maria was a key element for the long-term
sustainability of Puerto Rico’s water sector.
Reduce contamination of water resources—Because of high rates of continued
contamination from wastewater, stormwater, and industrial sites, Puerto Rico’s surface
water systems were highly degraded. PRASA’s largest four WWTPs discharged primary
treated wastewater directly into coastal and estuarine waters. Over 27,000 sanitary
overflows occur each year from wastewater systems alone, and many septic systems are
improperly maintained, unsealed, and often discharge raw sewage directly into coastal,
surface, and groundwater bodies. Unmaintained and undersized stormwater systems
contribute to overflow events; in combined systems in San Juan, the combined sewer
overflows, further compromising the health of surface and groundwater bodies. Improved
water source protection will safeguard water supply, human health, and ecosystem
services.

The aforementioned needs shaped the government of Puerto Rico’s recovery priorities and
demonstrate the importance of framing recovery of the water sector in the context of long-term
resilience.

Data and Information Gaps
The damage and needs assessment was based on data available to HSOAC through June
2018. The state of recovery efforts and the structure and governance of different components of
the water sector posed inherent challenges to the comprehensive collection of information
relevant to the assessment of damages and needs. As a case in point, while 97 percent of Puerto
Rico’s population is served by a single water utility (i.e., PRASA), the remaining 3 percent of the
population is spread across approximately 240 separate, and largely rural, non-PRASA systems.
Although some high-level assessments were conducted in the wake of Hurricane Maria,
collecting detailed information on those water systems was challenging, in part because of the
lack of a centralized authority responsible for consistent collection of information.
The availability of information on different components of the water sector was closely
linked to the level at which a given system and its assets are governed. For example, information
on those dams and levees that are inspected and regulated by USACE were readily accessible.
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PRASA, with ownership of the vast majority of drinking water and wastewater assets in Puerto
Rico, was able to provide details on many of those assets and damages associated with the
hurricanes, although it took several months for those data to be collected and made available.
Characterizing levees that are managed at the municipal level was more challenging because of a
lack of a centralized authority or readily accessible asset management system that spans the
entirety of Puerto Rico.
Similar information gaps existed for stormwater and on-site wastewater systems. Such assets
are often partially, or entirely, owned or operated at the municipal (stormwater) or household
(on-site wastewater) level. As a consequence, there may be limited requirements or mechanisms
for tracking the status and performance of these systems. Nevertheless, municipal stormwater
systems are still required to comply with effluent standards, such as those under the CWA. In the
absence of a reliable data source for these assets, the HSOAC team commissioned a separate
study of municipal stormwater systems in order to fill this gap.
Despite the challenges associated with collecting data on assets and infrastructure, perhaps
the most significant information gap is the lack of timely and accurate data on the status and
trends of both drinking water quality and surface water quality across Puerto Rico. Puerto Rico’s
history of drinking water quality standards noncompliance has been well documented and
publicized. This lack of compliance with regulatory standards has been a source of ongoing
scrutiny for the water sector. Hurricane damage, including damage to laboratory facilities, as
well as workforce shortages limit the capacity to adequately monitor water quality, identify
potential risks, and track improvements.
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Chapter Four. Water Sector Recovery and Courses of Action

The disaster recovery planning
The Context for Puerto Rico Recovery Planning
process in Puerto Rico was intended to
“In response to overwhelming recovery needs in
facilitate long-term recovery and
the wake of the 2017 hurricane season and the
resilience across Puerto Rico’s
California wildfires, Congress passed the Bipartisan
infrastructure, economic, and social
Budget Act of 2018 on February 9, 2018 (Public Law
systems. From January to August 2018,
115-123). This legislation requires the Governor of
HSOAC, in partnership with FEMA
Puerto Rico, with support and contributions from the
Secretary of the Treasury, the Secretary of Energy, and
and various stakeholders and agencies
other federal agencies having responsibilities defined
in Puerto Rico, identified a set of
under the NDRF [National Disaster Recovery
interventions or “courses of action” to
address critical recovery challenges that Framework], to produce within 180 days an economic
and disaster recovery plan that defines the priorities,
existed both prior to and as a result of
goals, and outcomes of the recovery effort.”
Hurricanes Irma and Maria.1 While the
damage and needs assessment
SOURCE: Governor of Puerto Rico and COR3,
Transformation and Innovation in the Wake of Devastation:
discussed in Chapter 3 provided
An Economic and Disaster Recovery Plan for Puerto Rico,
important context for understanding
2018.
the consequences of Hurricanes Irma
and Maria for the sector and the challenges of transitioning the sector toward a more resilient
state, the development of COAs was ultimately an iterative and stakeholder-driven process
aligned to the recovery priorities identified by the government of Puerto Rico. This section
therefore begins by summarizing the overall framework for recovery planning in Puerto Rico and
articulating specific recovery priorities for the water sector. This is followed by a description of
the process for developing COAs, a summary presentation of those COAs, and the organization
and integration of individual COAs into complementary recovery portfolios.

Recovery Planning Framework
The overarching framework for recovery planning was developed by the Governor of Puerto
Rico and the Central Office for Recovery, Reconstruction, and Resiliency (COR3). Figure 4.1
illustrates this vision, which is based on COR3 input. The entry point for the framework is the
vision and goals for recovery, which were established by the Governor. At a more specific level,
1

Governor of Puerto Rico and COR3, Transformation and Innovation in the Wake of Devastation: An Economic
and Disaster Recovery Plan for Puerto Rico, San Juan: Government of Puerto Rico, 2018.
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recovery objectives reflect capital investments in the form of infrastructure and asset repair,
improvement, and development, and strategic initiatives designed to place the economy on a
long-term growth trajectory. The framework also includes a number of precursors needed to
support recovery, such as building the capacity (e.g., human, technical, and financial
Figure 4.1. Recovery Planning Framework Developed by COR3

SOURCE: Governor of Puerto Rico and COR3, 2018.
NOTE: The Rethink Water Systems objective is most closely aligned with the water sector.

44

capital) of individuals and government agencies. A few elements of the framework directly relate
to the water sector, such as the goal to “strengthen critical infrastructure” and the specific capital
investment to “rethink water systems.” Other guidance elements were less directly linked with
water but still had strong influence on COA content and design.
•
•
•

Goal: Promote sustainable economic growth. Water sector recovery COAs were
designed to support economic activity, strengthen the visitor economy, and improve the
financial viability of water utilities.
Goal: Enhance resilience. Water COAs provide redundant energy sources for water
systems, increase the supply of raw water to better manage drought and other threats to
supply, and improve emergency response capabilities.
Precursor: Expand local capacity. Water COAs improve PRASA’s capabilities in the
management of system operations; small water utilities’ capabilities in operations,
governance, and finance; and municipalities’ capabilities to manage their stormwater
systems.

FEMA supported the government of Puerto Rico’s recovery planning effort using the
National Disaster Recovery Framework (NDRF). The NDRF identifies six Recovery Support
Functions (RSFs) including Community Planning and Capacity Building; Economics; Health and
Social Services (HSS); Housing; Infrastructure Systems; and Natural and Cultural Resources
(NCR). FEMA further segmented Infrastructure Systems into six sectors including Water;
Energy; Comm/IT; Public Buildings; Municipalities; and Transportation. In total, 12 sectors/
RSFs developed recovery COAs. Each sector used a common governance structure as directed
by the NDRF. Sector leadership was shared by a FEMA sector lead, a federal agency RSF lead,
and a representative of the government of Puerto Rico.

Recovery Planning Process and Priorities
The general framework for recovery planning connects specific sector planning to the
government of Puerto Rico’s strategic objectives for recovery by designing COAs that meet
18 water sector priorities (Figure 4.2). Table 4.1 lists the recovery priorities defined by PRASA,
in consultation with the sector leads. These priorities established the overall direction for
recovery planning and the outcomes that planning should seek to achieve. Specific COAs
consistent with those priorities were developed from the bottom up based on the damage and
needs assessment conducted by the HSOAC Water Sector Team and subsequent collaborative
refinement with the Water Solutions Team (see section 4.3). These top-down and bottom-up
processes were ultimately integrated through the development of water portfolios—groups of
COAs that together would address the priorities and strategic objectives of the government of
Puerto Rico. Additional details on these processes are discussed further in subsequent sections.
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Figure 4.2. Water Sector Recovery Plan Development Process

Initially, recovery priorities for the water sector were identified as part of the Governor’s
request for disaster assistance.2 That request, published just a few months after Hurricane Maria
made landfall, identified ten different priorities for recovery as well as aggregate estimates of the
costs of pursuing those priorities. Those priorities largely reflected actions needed to address
damages specifically caused by Hurricane Maria. Following the disaster request, additional
information became available on what would be required to achieve a resilient water sector,
including not only addressing storm damage but also legacy issues in infrastructure, operations,
and the human and organizational capacity needed to enable a resilient water sector. This
culminated in the identification of 18 priorities for the water sector (Table 4.1) spanning drinking
water, wastewater, stormwater management, and flood mitigation.

2

Governor of Puerto Rico, 2017.
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Table 4.1. Recovery Priorities Identified by the Governor as Part of the Water Solutions Team
Strategy Development
Need
Diversify energy sources,
enhance emergency protocols,
and harden water infrastructure

Priority Action
•
•

•
•

Improve PRASA’s fiscal
planning and asset
management

•

Make PRASA’s drinking water
more efficient and reliable

•

•

•
•

Relocate water sector infrastructure situated in flood zones
wherever possible (BBB)
Redesign and rebuild infrastructure located in and or near
bodies of water, including rivers, streams, and/or lakes, to
make them more robust and resistant to high flow
events (BBB)
Remove key systems from the PREPA grid and provide
these with preferably off-grid renewable energy (BBB)
Design and execute system resiliency measures to ensure
the availability and quality of potable water services to
priority focus areas including urban centers, schools, and
hospitals
Develop an asset management program for large diameter
water distribution pipes
Develop an asset management program for the wastewater
collection system
Improve potable water service zone transfer capabilities to
ensure redundancy and adequate distribution (BBB)
Improve water treatment capabilities at plants to better
handle high-turbidity events
Optimize the metering system in order to maximize
revenues and better monitor areas with or without service

Improve PRASA wastewater
systems for the future and
educate residents to help keep
them clean

•

Improve safety and reliability of
non-PRASA drinking water
systems

•

Improve non-PRASA water and wastewater systems
resiliency to secure their independence and reliability

Develop water supply sources
that are sustainable and
safeguarded against
contamination

•

Explore alternative raw water sources and treatment
technologies to alleviate stressed systems

Improve stormwater systems to
reduce urban flooding and
contaminated runoff

•

Develop and incorporate best management practices for
rivers and bodies of water
Improve the standards of stormwater management to
reduce urban nuisance flooding
Develop green stormwater infrastructure to reduce
impervious coverage and increase stormwater
capture/retention

•

•
•

Make flood control
infrastructure and management
more resilient to current and
future events

•
•

Develop reuse practices for drinking water and wastewater
treatment by-products in industry, energy, and agriculture
Curtail the disposal of fats, oil, and grease (FOG) into the
wastewater and stormwater collection systems to minimize
the reduction of hydraulic capacity

Improve structural safety of dams and reservoirs observing
industry standards and codes (BBB)
Transfer hydroelectric facilities from PREPA to not only
generate and use renewable power but also to better
manage raw water sources

SOURCE: Governor of Puerto Rico, 2017.
NOTE: “(BBB)” refers to recovery priorities identified within the 2017 Build Back Better Puerto Rico report.
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Developing Courses of Action for the Water Sector
After completing the damage and needs assessment detailed in Chapter 3, HSOAC and
the Water Sector Solutions Team developed and refined, over the course of several months,
30 COAs to outline the building blocks for recovery (Table 4.2). For the purposes of recovery
planning efforts, a COA represents a strategic-level plan for achieving a specific goal. As such, a
complete specification of a COA identifies the goal itself, the actions that will be pursued, and
any relevant information needed to understand the implications of implementing those actions. It
includes the following characteristics:
•
•
•
•
•
•
•
•

goal of the COA (i.e., the recovery challenge the COA addresses)
benefits that the COA seeks to achieve
paths for COA implementation
entities responsible for COA implementation
anticipated implementation time frame
cost of implementation
possible sources of funding
pitfalls or trade-offs that could occur with COA implementation.
Table 4.2. Water Courses of Action

COA
Number

Relevant
Implementation
Scenarios

COA Name

Cost
(Millions)

WTR 1

Resilient Repair or Replacement of the PRASA Drinking Water
System

1, 2, 3

$4,961

WTR 2

Improve Operational Efficiency and Performance of PRASA Water and
Wastewater Systems

1, 2, 3

$1,465

WTR 3

Enhance the Efficiency and Resilience of PRASA Electricity Services

1, 2, 3

$2,183

WTR 4

Enhance Ability to Transfer Water Supply Among PRASA Service
Zones

1, 2, 3

$1,450

WTR 5

Improve Treatment and Storage Capacity to Handle High-Turbidity
Events

1, 2, 3

$184

WTR 6

Expand PRASA Services to Unconnected Areas

1, 2, 3

$1,249

WTR 7

Strengthen PRASA’s Asset Management Program

1, 2, 3

WTR 8

Implementation of New Initiatives to Achieve Financial Sustainability for
PRASA

1, 2, 3

WTR 9

Conduct a Water Rebuild by Design Competition

1, 2, 3

$300

WTR 10

Curtail Unauthorized Releases Into Sanitary Sewers

1, 2, 3

$24

WTR 11

Repair, Replace, and Improve PRASA Wastewater Treatment Plants
and Sanitary Sewer Collection Systems

1, 2, 3

$2,830

WTR 12

Enhance Electricity Reliability and Redundancy for Non-PRASA and
Nonregulated Systems

1, 2, 3

$64

WTR 13

Develop Reuse Practices for Treatment By-Products

2, 3

$90

WTR 14

Improve Equity in Drinking Water Provision for Nonregulated Systems

1, 2, 3

$13

WTR 15

Improve Reliability and Safety of Non-PRASA Systems

1, 2, 3

$21
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$12
$2

COA
Number

Relevant
Implementation
Scenarios

COA Name

Cost
(Millions)

WTR 16

Build Capacity of Non-PRASA Systems

1, 2, 3

$14

WTR 17

Reduce Incidence of Raw Sewage Leakage

1, 2, 3

$1,812

WTR 18

Invest in Stormwater System Management

1, 2, 3

$419

WTR 19

Reduce Urban Nuisance Flooding

1, 2, 3

$1,005

WTR 20

Relocate or Redesign Assets in Flood Zones

1, 2, 3

$1,183

WTR 21

Centralize Stormwater System Support and Management

WTR 22

Upgrade Reservoir and Dam Safety Management

1, 2, 3

$125

WTR 23

Evaluate, Repair, and Improve Flood Control Infrastructure

1, 2, 3

$4,667

WTR 24

Reduce Sedimentation of Water Bodies

1, 2, 3

$3,715

WTR 25

Rationalize Ownership and Management of Flood Control Infrastructure

WTR 26

Build Trust and Engage PRASA Clients

2, 3

$66

WTR 27

Protect and Rehabilitate Groundwater Systems

2, 3

$188

WTR 28

Secure Drinking Water Sources Against Contamination

2, 3

$49

WTR 29

Strengthen Redundancy and Diversify Water Supply Sources

1, 2, 3

$1,477

WTR 30

Enhance PRASA’s Emergency Management Operations

1, 2, 3

$9

Total

2, 3

3

$68

$339

$33,871

NOTE: The relevant implementation scenarios for different COAs are coded as follows: 1 = Basic scenario, 2 =
Transitional scenario, 3 = Transformational scenario. Costs are in 2018 dollars and include 11 years of operating
costs. Costs have been rounded to the nearest million dollars.

This section describes the process for defining and characterizing COAs. It begins by
describing the partners that worked with HSOAC Water Sector Team to develop COAs as well
as the guiding principles used by the team to help ensure that the COAs would meet the goals
and of the government of Puerto Rico. Next, the process of initial identification of candidate
COAs is summarized. This is followed by discussion of how alternative implementation
scenarios were developed for individual COAs as well as the methods for cost estimation for
those scenarios. The section concludes by describing the quality assurance (QA) process.
Appendix A presents these COAs in greater detail.
Partners
To develop COAs, the HSOAC Water Sector Team worked collaboratively with government
of Puerto Rico agencies, federal agencies, and NGOs. These various stakeholders operated under
the auspices of the Water Solutions Team, with representatives from FEMA, USEPA (as the RSF
lead), and PRASA (as the government of Puerto Rico stakeholder) having responsibility for team
leadership. Sector partners were recruited from a broad range of agencies and organizations
(Table 4.3). In addition to the analyses by the HSOAC team, subcontracts were issued to
integrate outside expertise into the process of COA development. One subcontract was with
Arcadis in Puerto Rico in order to assess damage and recovery needs for municipal stormwater
systems (Hurricane Maria Stormwater Systems Damage Assessments).
49

Table 4.3. Water Sector Partners
Agency/Organization

Role

Recovery leadership
FEMA
USEPA

Water Sector Team lead
Recovery Support Function lead

PRASA
Federal agencies

Lead government of Puerto Rico representative

USACE
USDA

Infrastructure RSF lead; flood control subgroup lead
Technical assistance to rural communities

NOAA
USGS
HHS Centers for Disease Control

Coastal water quality
Mapping and seismic risk analysis
Water quality; public health

Puerto Rico agencies
DNER

Stormwater and flood control; coordination with NCR Sector

PRDOH
PREQB
Nongovernmental organizations

Drinking water quality
Environmental water quality

Puerto Rico Science, Technology, and
Research Trust
Water Mission
Red Cross
100 Resilient Cities

Applying science and technology to recovery needs
Support to small water utilities
Support to underserved communities
Resilient recovery planning

An independent subject matter expert contractor was used to conduct a review of PRASA’s
Fiscal Plan and to advise on financing opportunities and challenges associated with COAs.
The Water Solutions Team was charged with coordinating the development of recovery
strategies for the sector and for liaising with the HSOAC Water Sector Team to ensure
deliberations among the Water Solutions Team were reflected in the COAs in the recovery plan.
Sector leaders grouped water sector recovery actions into four categories—PRASA, nonPRASA, stormwater, and flood mitigation.3 The Water Solutions Team established a subgroup
for each category and assigned leadership roles as noted in Table 4.3. The PRASA subgroup
covered recovery of PRASA’s drinking water and wastewater systems. The non-PRASA
subgroup included recovery of drinking water and wastewater services not provided by PRASA.
The stormwater subgroup covered stormwater infrastructure and management and the flood
mitigation dams, levees, and other flood mitigation infrastructure. Each subgroup developed
recovery strategies related to their facilities, and the subgroups convened regularly as the
full Water Solutions Team to adjudicate overlaps. For example, stormwater systems are
3

HSOAC added a fifth category—integrated water management—to improve water supply quality and
management. Associated COAs were coordinated with the NCR sector.
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hydrologically linked with flood mitigation systems, and dams serve as reservoirs for drinking
water and perform flood mitigation functions.
The Water Solutions Team interacted regularly with the HSOAC to share thinking on
recovery strategies and how they could be best represented and characterized by COAs
developed by the HSOAC team. This created an iterative process by which deliberations among
the Water Solutions Team informed COA analysis and development.
Guiding Principles
In developing COAs, the HSOAC Water Sector Team first articulated a set of core principles
to guide decisionmaking based on an initial set of water sector priorities developed by the
government of Puerto Rico. Those principles helped to establish boundaries for the types of
outcomes that COAs should seek to achieve (or avoid), as well as shape the processes by which
COAs would be generated. This process resulted in seven principles as follows:
•

•

•

•
•
•

•

Enhance long-term resilience of the water sector—COAs should address short-term
needs arising from Hurricanes Irma and Maria but also position Puerto Rico’s water
sector to be resilient over the long term. This includes anticipating future storm events
and climate change, improving existing services and operations, and accounting for
future changes in demand from changes in population and industrial activity.
Co-produce courses of action with stakeholders—The process for the development and
prioritization of COAs should be conducted in collaboration with diverse stakeholders
from Puerto Rico and federal agencies as well as other NGOs to enhance relevance and
reflect the needs of Puerto Rico.
Acknowledge existing planning processes and requirements—Different entities have
already engaged in investment and operational planning for the water sector, and
therefore COAs should recognize and be consistent with relevant planning efforts as
well as existing legal and regulatory requirements.
Adhere to best practices and standards—Recovery efforts for the water sector should
seek to deliver infrastructure, operational systems, and outcomes consistent with national
and international best practices and standards for both operations and outcomes.
Maintain equity in access to services and quality of service—Recovery efforts should
address the needs of all water sector stakeholders and communities, including those in
both urban and rural areas as well as disadvantaged populations.
Avoid unnecessary externalities and unintended consequences—Given not all possible
recovery actions for the water sector are necessarily in the long-term interest of Puerto
Rico, actions should be selected to avoid undermining recovery challenges in other
sectors or displacing risk onto other entities without compensation. This necessitates
recognition of the interdependencies and interactions among the various infrastructure
sectors in Puerto Rico.
Increase public trust in water services and management agencies—In implementing
recovery actions, the public should be engaged to enhance understanding of the recovery
process, the actions being implemented, and their benefits for the reliability and safety of
the water sector and its operations.
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Identifying Potential Courses of Action
In the early development of COAs, the HSOAC Water Sector Team led an internal effort
around the initial identification of relevant recovery actions and the drafting of individual
preliminary COAs. In so doing, the team sought to align recovery efforts with existing
investment and management priorities for the sector. To this end, the team identified specific
asset-level actions to be included within each COA based on the PRASA Capital Improvement
Plan and Fiscal Plan,4 as well as specific assets identified as needing interventions as part of the
Build Back Better Puerto Rico5 request for disaster assistance. In developing preliminary COAs
consistent with these priorities, the team applied the interdisciplinary expertise of team members
with respect to best practices for managing different subsectors. That expertise included
(a) understanding the relevant legislation and regulatory requirements for the management of
water subsectors; (b) familiarity with relevant literature sources that could be used to identify
emerging technologies and practices; and (c) awareness of analogous disaster recovery planning
efforts. However, the HSOAC Water Sector Team also incorporated ideas and insights from
other sources that included
•
•
•
•

literature reviews of management practice for different water subsectors
examination of earlier recovery plans from past disasters in other U.S. regions
discussions with various stakeholders in federal agencies, Puerto Rico agencies, nonprofit
organizations, and universities
recruitment of outside experts and subcontractors where needed to augment the expertise
of the HSOAC team on specific COAs.

Once preliminary COAs were developed, the Water Sector Team worked in collaboration
with the Water Solutions Team initially convened by FEMA to refine the COAs based on
broader deliberation among stakeholders. The Water Solutions Team was comprised of multiple
federal and Puerto Rico agencies and charged with developing COAs in a manner consistent with
the priorities of the government of Puerto Rico. The HSOAC Water Sector Team and the Water
Solutions Team had different but highly complementary functions with respect to COA
development, and collaboration between them was necessary to generate COAs that were
credible, relevant to the needs of the sector, and legitimate in terms of representing the
perspectives of multiple stakeholders. Through their collaboration, the Water Sector Team and
the Water Solutions Team ultimately generated the final COAs and HSOAC oversaw their
incorporation into the recovery plan.

4

Puerto Rico Aqueduct and Sewer Authority, 2018a.

5

Governor of Puerto Rico, 2017.
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Implementation Scenarios
Given that COAs represent general categories of actions that could be pursued in recovery,
each COA could be implemented in a variety of ways based on the specific projects to be
pursued, the time horizon of implementation, and the available financial and human capital.
Hence, depending on the nature of the implementation, the COA would be associated with a
different cost. To illustrate this flexibility and uncertainty in COA implementation, the HSOAC
Water Sector Team developed three implementation scenarios that were integrated into COAs
(Table 4.4). Each scenario reflected a different assumption about the availability of resources to
support the implementation of recovery COAs and, therefore, the types of actions and projects
that would be undertaken. Some COAs were assumed to be implemented in a similar way or at a
similar level across multiple implementation scenarios. This was the case in particular for COAs
that were deemed insensitive to resource availability.
This process resulted in a range of costs for each COA (see section 4.3.5 below) as well
as specific actions funded or financed with available resources. For example, under a
Transformational implementation scenario, different actors (i.e., federal, government of Puerto
Rico, or municipal agencies) have access to sufficient financial resources to implement COAs at
levels that would fundamentally alter the sector. This would include addressing long-standing
challenges for infrastructure, human capital and institutional capacity, as well as the more recent
damages associated with Hurricanes Irma and Maria. At the opposite spectrum, the Basic
scenario assumes a resource-constrained world, where actors are forced into a mode of having to
carefully prioritize recovery efforts and projects and some needs take longer to meet or are not
met. Generally, this resulted in COAs that are implemented at a lower cost and therefore are
associated with a narrower range of actions, although as noted previously, for some COAs the
Table 4.4. Descriptions of the Water Sector Implementation Scenarios
Implementation
Scenario

Description

Basic

COAs are implemented in a resource-constrained environment, with a focus on investments
to maintain compliance and address critical failures in the system caused by storm damage.
This “back to basics” approach results in a water sector that has largely returned to its
prestorm state, with some notable advances in some asset categories. Yet the sector is left
with a number of aspirational plans for long-term improvements that may be challenging to
implement because of resource constraints.

Transitional

COAs are implemented in an environment where resources are sufficient to address
hurricane damage, invest in infrastructure improvements that address chronic challenges in
water and wastewater management, and build capacity among water practitioners and
institutions. This leads to a more resilient water sector, but one where there is limited uptake
of emerging technologies, best practices, and new approaches, creating a need to build
capacity for the future.

Transformational

COAs are implemented in a resource-rich environment enabled by large federal investments
and recovery of the local economy. This brings about transformation of the water sector,
including large-scale replacement of infrastructure and deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
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actions pursued with a COA remain the same across the different implementation scenarios.
Furthermore, some COAs were judged to be inconsistent with some implementation scenarios, in
which case they were not defined (see Table 4.4).
Cost Estimation
A key component in the development of COAs was estimates of implementation costs. This
included up-front capital costs associated with asset repair or construction as well as annual costs
that were largely associated with ongoing labor costs or other services (e.g., operations and
maintenance) and programs. Two different, general strategies were pursued. First, for actions
previously costed by government of Puerto Rico agencies, those costs were used as the basis for
costing COAs. This approach ensured that cost estimates for the recovery plan were consistent
with existing financial planning as well as regulatory oversight. Such costs were derived from
sources that included
•
•
•

Government of Puerto Rico (PRASA) Fiscal Plan6
Building Back Better Request for Disaster Assistance (and supporting data)7
PRASA Damage Inventory (Figure 3.3)

Those COAs that included actions not already costed by agencies of the government of
Puerto Rico required alternative methods to create cost estimates. This was particularly the case
for non-PRASA assets for which asset values and/or damage assessments were lacking or when
management programs and capacity-building activities did not exist at the time of HSOAC’s
planning. In these instances, the HSOAC team pursued two different approaches. For municipal
stormwater systems, HSOAC used the analysis by Arcadis to obtain necessary information on
infrastructure damage and repair costs. For other assets, HSOAC relied on analogue cost
estimates—similar projects as those being included in the COA that have been implemented in
other locations of the United States. Examples are workforce development programs, public
communication efforts, extension services, and asset maintenance programs. The HSOAC team
generally calculated these costs on an annual basis using estimates of the necessary labor and/or
associated material investments to implement a given action or program. Total costs, 8 inclusive
of both capital and annual costs over the planning horizon, were therefore calculated using the
formula
Total Costs = Up-front Costs + [((11.5 Years – Years for
Implementation) / 2) * Annual Costs].
6

Government of Puerto Rico, 2018.

7

Governor of Puerto Rico, 2017.

8

Costs are calculated in 2018 real dollars.
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The formula assumes an 11-year planning horizon for COAs with a six-month latency period
between plan development and project initiation. In so doing, the costing formula accounts for
recovery actions for which multiple years of capital investment are required before annual costs
are incurred. For example, new infrastructure development may require multiple years of
construction, after which operations and maintenance may be necessary on an indefinite basis
into the future. For the water sector, limited information was available on how long it would take
to implement capital projects for various COAs. As such, the default time for implementation of
up-front/capital projects was one year, and thus annual costs were assumed to be based on an
11-year time horizon. It is important to note that annual costs associated with infrastructure
operations and maintenance will continue well beyond this time horizon. These costs are not
included in this analysis.
In addition to the costs, COA development included the identification of potential funding
sources. Three general types of funding were relevant to water sector COAs. These included
(a) insurance payments for insured assets damaged by the hurricanes; (b) revenue generated by
drinking water and/or wastewater system operators; and (c) disaster assistance from federal
agencies in the forms of grants or loans. While PRASA did receive insurance payments for some
of its assets, specific details on the size of those payments and which recovery actions could be
reasonably funded by those payments were not available to the HSOAC team. Revenue
generated by service provision largely applied to PRASA, which has the infrastructure and
capacity to collect rates from customers. In contrast, stormwater management and flood
protection are generally public goods that do not directly generate revenue. Hence, a broad range
of federal grant and loan programs are relevant to the water sector, including FEMA grants for
disaster recovery and hazard mitigation, HUD Community Development Block Grants (disaster
recovery program), USEPA State Revolving Fund, and grants and loans from USDA Rural
Development Water and Environmental Programs.
Quality Assurance
As with all elements of the HSOAC Water Sector Team’s work, COAs and the work
generated by subcontractors went through a QA process, which included both internal and
external expert review. In addition, the HSOAC team received multiple rounds of comments
and feedback from the Water Solutions Team. This feedback helped to maintain consistency
between the COAs under development and the Water Solutions Team’s deliberation over
strategies. At times, this resulted in the expansion or contraction in the number of COAs,
changes to the specific projects included in COAs, and modification to cost estimation methods
or funding sources.
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Overview of Water Sector Courses of Action
The collaboration between the HSOAC Water Sector Team and the Water Solutions Team
eventually led to the development of 30 COAs (Table 4.2). The full cost of implementation of
these COAs (assuming all are implemented under the Transformational scenario) totaled nearly
$34 billion. The bulk of the costs were associated with the large capital investments needed to
repair water and wastewater infrastructure (including the reliability of electrical power),
increase operational efficiencies, and improve flood mitigation infrastructure. For example,
repairing and upgrading PRASA drinking water infrastructure was estimated to cost nearly
$5 billion while repairing and upgrading PRASA wastewater infrastructure was estimated to
cost just under $3 billion. In contrast, estimates of the costs of recovery for the smaller, less
capital-intensive, non-PRASA systems were quite modest—$21 million to improve nonPRASA drinking water systems and $14 million to enhance training and technical support
for non-PRASA system operators. Complete documentation of the COAs can be found in
Appendix A.
Figure 4.3 maps each of the 30 COAs to the relevant Water Solutions Team subgroups and
the anticipated benefit that they would create. The columns identify the four water subgroups
plus a fifth category added by HSOAC corresponding with watershed management. The rows,
representing benefits, range from basic repair and replacement of systems to improving the
financial viability of water enterprises large and small. Such information is potentially useful for
identifying those COAs that have the potential to generate a larger return on investment because
of their ability to generate multiple benefits across multiple subsectors. For example, COA 20 on
the relocation of assets in flood zones is relevant across multiple subsectors, and thus represents
a robust recovery action for improving resilience to future flood events. Similarly, a Rebuild by
Design competition (COA 9) could be used to identify innovative approaches to addressing
challenges in multiple subsectors. Meanwhile, individual COAs are also associated with multiple
types of benefits. For example, COA 23 on the repair of flood control infrastructure could
improve and modernize flood mitigation in Puerto Rico while also protecting energy reliability
for facilities and ensuring Puerto Rico’s flood mitigation efforts are consistent with best practices
and standards.
What is not shown in Figure 4.3 is how these COAs support benefits and recovery planning
in other sectors. Nevertheless, it should be recognized that water and wastewater services, in
particular, are essential for a range of other infrastructure sectors, the Puerto Rico economy, and
the health of the broader environment.
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Figure 4.3. Water Sector Courses of Action, by Subgroup and Benefits

NOTE: Colors indicate subsectors: PRASA drinking water and wastewater (blue), non-PRASA drinking water and wastewater (green), stormwater (orange), flood
control (red), integrated water management (pink).
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Portfolios of Courses of Action
While recovery planning for the water sector included the development of 30 individual
COAs (section 4.3.3) as a subset of the 276 COAs developed across all sectors, consideration
was also given to how these different COAs could be integrated into alternative packages or
portfolios of actions. Given the complexity of recovery processes, the need to coordinate actions
among multiple actors, and the implementation of different COAs being contingent on the
availability of funding, there are a wide variety of ways in which individual COAs can be
combined to develop a coherent response. For the recovery plan, the HSOAC Water Sector Team
focused on articulating three different approaches to combining COAs into portfolios designed to
address strategic objective #8 for recovery planning: “Rethink water systems to be safer, more
reliable, and protected from future disasters to ensure the well-being of Puerto Ricans and the
environment as well as the operations of government and businesses.”9 The approaches were
designed to be illustrative rather than prescriptive, with the goal of helping communicate the
implications of different constraints on the prioritization and selection of different COAs.
Development Process
The costing scenarios developed for each COA formed the foundation for the development of
portfolios. As such, HSOAC ultimately developed three portfolios to meet the Water Sector
strategic objective—the Basic, Transitional, and Transformational—that generally corresponded
with the implementation scenarios (Table 4.4). The process to develop the portfolios involved
three steps.
•

•

•

9

First, a judgment was made on whether a given COA would be implemented within a
given portfolio. Although the transformational portfolio assumes the implementation of
all 30 COAs, for the Basic and Transitional portfolios, some COAs were assumed to not
be implemented at any level.
Second, if a COA would be implemented within a given portfolio, the costing scenario
for each COA was matched to the portfolio. As an example, the Basic portfolio is
comprised of a subset of COAs, all of which were assumed to be implemented according
to the Basic implementation scenario.
Third, each portfolio also contains COAs from other sectors that were judged to be
essential precursors or complementary actions to support the COAs specific to the water
sector. For example, investments in Puerto Rico’s electricity grid, communications
infrastructure, or municipalities may be needed to support the implementation of water
sector COAs. Because implementation scenarios were not explicitly defined for other
sectors, costs of non-water sector COAs were scaled using a common set of adjustments

Governor of Puerto Rico and COR3, 2018, p. 87.

58

in order to represent their costs in the different water sector portfolios. Hence, non-water
sector COAs in the Basic portfolio were costed at 25 percent of their full implementation
cost; those for the Transitional portfolio at 50 percent; and those for the Transformational
scenario at 100 percent.
Based on this approach, the HSOAC Water Sector Team estimated that the three different
portfolios would range in cost from $8.5 billion for the Basic portfolio to $34 billion for the
Transformational portfolio (Figure 4.4). These costs were not distributed evenly across different
water subsectors (see Figure 4.5). Regardless of portfolio, the bulk of portfolio costs were
associated with COAs addressing PRASA water and wastewater assets and operations as well as
flood mitigation assets and operations (e.g., Table 4.2; COA 1, 11, and 23). Meanwhile, portfolio
costs associated with other subsectors were quite modest by comparison, even for the
Transformational portfolio.
This approach also enabled the exploration of interdependencies among sectors, as water
sector planning and management is fundamentally linked with other critical infrastructure
sectors, including the water-energy nexus, the intersection between water and the natural
environment, and the effects of water services on human health. Investments in Puerto Rico’s
electricity grid, communications infrastructure, or municipalities may be needed to support the
implementation of water sector COAs. For example, a COA within the HSS sector provides
waste management programs that will protect drinking water sources; a Municipalities COA
creates a central repository of municipal assets that will support stormwater maintenance
programs. The same COA can therefore appear in more than one portfolio. However, HSOAC
ensured that the cost for each COA was only counted once in the overall plan.
Figure 4.4. Summary Cost Estimates for Water Sector Portfolios

Basic

Transitional
•$7.6B for Basic
implementation of
25 water sector
COAs
•Plus $0.9B from
other sectors
•$8.5B in total

•$12.5B for
Transitional
implementation of
29 water sector
COAs
•Plus $2.0B from
other sectors
•$14.5B in total

NOTE: Costs shown in billions of dollars (B).
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Transformational
•$30B for
Transformational
implementation of
30 water sector
COAs
•P
Plus $3.8B from
other sectors
•$
$33.8B in total

Figure 4.5. Estimated Course of Action Costs for Recovery Portfolio, by Water Subsector

An additional benefit of this approach to portfolio development is that it explicitly illustrates
the trade-offs associated with different levels of investment in recovery of the water sector.
Constraining resources not only reduces the magnitude or extent to which a COA can be
implemented, it also implies that some COAs, or specific actions within COAs, will not be
implemented. As such, it provides a potential foundation for discussions on what types of
responses could be implemented given different levels of funding. However, each portfolio
only represents one approach to recovery—many alternative portfolios could be designed to
reflect different COAs. For example, portfolios could also be constructed to target specific
water subsectors with different groups of agencies and stakeholders leading recovery efforts
around each.
Once portfolios were designed, the relevant information associated with the COAs and the
portfolios were integrated into the recovery planning decision-support tool (DST). The DST is
a web-enabled, Tableau-based visualization and analysis tool that was used to explore COA
portfolios within and among different sectors. Users were able to identify which COAs within a
sector were associated with a given portfolio, the interdependencies among COAs across sectors,
as well as the total costs of implementing a given portfolio.
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Portfolio Selection
Using the DST, the government of Puerto Rico evaluated the alternative water sector
portfolios, including the levels of implementation for specific COAs and their associated
costs. Each portfolio was evaluated against the government of Puerto Rico’s recovery
objectives to identify the collection of COAs and associated implementation levels most
consistent with fulfilling the vision and needs of the government and the people of Puerto
Rico. The Transformational portfolio was ultimately selected to guide the prioritization and
implementation of recovery efforts for the water sector and was included in the Recovery Plan.
Once implemented, this portfolio will allow Puerto Rico’s water systems to be more reliable,
safer, and more resilient to extreme weather and disasters, climate change, and populationrelated stressors. The portfolio will rebuild the sector’s physical infrastructure to repair storm
damage while also addressing long-term depreciation of assets and developing new infrastructure
to meet future needs. This would include pumping stations, WTPs and WWTPs, pipes and
conveyances, and dams and flood levees. In addition, the operational efficiencies of water sector
systems will be improved through investments that enhance water supply flexibility, improve
asset management and situational awareness, enable consistent metering and rate collection,
prevent drinking water contamination, and ensure electricity reliability for water sector assets.
To sustain the benefits of these investments, the portfolio will also build the capacity of water
resource managers in urban and rural areas and facilitate engagement with the public to allow a
more cooperative approach to the management of Puerto Rico’s water sector.
In implementing the portfolio, the government of Puerto Rico and other stakeholders will
encounter challenges common to such large and complex infrastructure programs. For example,
in the short term, PRASA, Puerto Rico municipalities, DNER, and the managers of non-PRASA
water systems will need planning and financial management capabilities as well as the workforce
to effectively administer the large influx of capital designated for water sector recovery efforts.
Over the long term, the challenge will be to maintain infrastructure assets and operational
systems in order to sustain a high level of performance in drinking water, wastewater,
stormwater, and flood mitigation subsectors. Recognizing these challenges, the water sector
COAs and the Transformational portfolio explicitly identify actions that can help to overcome
these challenges. These include, for example, efforts to improve the financial sustainability of
PRASA and train the future water sector workforce in Puerto Rico.
It should also be noted that the efficient and effective implementation of the COAs in the
portfolio will necessitate coordination both within the water sector and among other sectors. For
example, each COA in the portfolio is associated with one or more implementing agencies or
organizations that, based on jurisdiction and expertise, are well positioned to oversee COA
implementation. Given that rebuilding and improving various components of the physical
infrastructure will be needed before efforts toward improved asset management, system
optimization, and capacity building can begin in earnest, some water sector COAs will likely be
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phased over time, with different implementing organizations stepping forward at different times
to advance the overall recovery effort.

Data and Information Gaps
A number of knowledge gaps are relevant to the development and interpretation of the
COAs, not the least of which are the estimates of the benefits and costs of different options.
Costs associated with COAs were derived from the best available information that was
accessible to the Water Sector Team. Nevertheless, these data had a range of uncertainties. Costs
were better defined for large and/or high-priority infrastructure projects that had been previously
costed in other planning efforts (e.g., PRASA Fiscal Plan or CIP). This included projects such as
the updating of sewage treatment plants. For smaller and less costly assets, costs were more
likely to be rough estimates and/or derived from analogue analyses or extrapolations. Such
estimates may therefore be subject to a greater degree of uncertainty.
Costs were consistently estimated quantitatively, whereas COA benefits were assessed in an
exclusively qualitative manner. While these assessments were grounded in the existing literature
on different actions and technologies, the lack of quantitative metrics on monetary or nonmonetary
benefits posed challenges to weighing those benefits against the more well-defined costs of
recovery. This precludes using this sector report as a basis for a cost-benefit analysis to
Figure 4.6. Courses of Action from Other Sectors in the Water Transformation Portfolio

62

determine whether a given COA is likely to yield greater financial returns than it costs. Such
analyses may ultimately prove important, however, for ensuring recovery funds are used
efficiently.
In addition to cost estimates, the water sector COAs identified potential funding sources to
support the implementation of COAs. In all cases, a range of plausible funding sources were
identified, but some may be more feasible than others. For example, any funding that involves
debt-financing could provide difficult to access for actors that already carry a significant debt
burden or lack sufficient revenue to service existing or new debt. In addition, funding sources
vary with respect to how much of a COA’s cost they can fund. Therefore, as recovery efforts
proceed, additional deliberation will be necessary between the sponsors of various funding
programs and potential beneficiaries to develop more actionable financial plans for COAs.
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Chapter Five. The Way Forward: Observations on Enhancing
Resilience to Future Disasters

Hurricanes Irma and Maria revealed a number of critical vulnerabilities of the Puerto Rico water
sector that underscored both the damages incurred and the future potential for harm. At the same
time, the disaster highlighted opportunities for improving the implementation of recovery actions
and for enhancing resilience to future natural disasters. Therefore, in addition to focusing on the
observable damages of the storms to assets and infrastructure, recovery efforts should also seek
to capitalize on those opportunities and overcome constraints in the pursuit of efficient and
effective recovery processes. As Puerto Rico’s water sector carries out the task of long-term
recovery and implementation of the Transformational recovery portfolio, it will face many of
these challenges. This section therefore summarizes some of the key barriers and opportunities
identified by the HSOAC Water Sector Team during the recovery planning process.

Key Barriers to Response and Recovery
Although the storms of the 2017 hurricane season caused widespread damage to the water
sector as well as a range of other critical infrastructure systems, some consequences were
particularly impactful. The fragility of the electrical grid in Puerto Rico, the complete loss of
electrical power, and its slow rate of recovery caused major disruption of the water and
wastewater subsectors. The lack of electricity meant that even facilities that were not damaged
directly by the hurricane were still inoperable. The extent of the electricity outage, as well as its
persistence, constrained the ability to have those facilities that escaped damage from offsetting
services lost from those that were damaged. While a number of facilities around Puerto Rico had
generators to provide electricity in the event of power loss, damage to generators sustained
during the hurricanes often impaired the functionality of generators and/or solar voltaic
technologies. Hence, much of the response effort for the water sector focused on the use of
portable generators. Because of the widespread demand for generators, facilities experienced
high rates of theft, reducing reliability and necessitating the hiring of security personnel to guard
generators. Such challenges highlight the interdependencies among the water and energy sectors.
In addition to the lack of electricity, the extensive debris generated by Hurricane Maria and
damage to roads significantly impaired transportation within Puerto Rico. This made the initial
assessment of damage to water infrastructure and assets difficult. Meanwhile, the need to clear
debris and repair roads to gain access to facilities slowed the rate at which response actions could
be conducted. Although such problems were observed throughout Puerto Rico, they were most
acute in rural areas. The disruption of transportation networks had broader impacts on the supply
chains needed to support response and recovery efforts. For example, the disruption of drinking
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and wastewater services led to boil notices and the distribution of water trucks and bottled water
in areas where drinking water services were disrupted. As a case in point, bottled water sales in
Puerto Rico increased fourfold during October 2017 relative to the previous year.1 Yet damage to
road infrastructure, vehicles, and shortages of fuel posed barriers to the efficient distribution of
bottled water to where it was needed.
The demand for damage assessment and repair efforts, not only for the water sector but
across Puerto Rico, significantly strained the government of Puerto Rico’s human capital. The
size of the workforce, including qualified engineers and technicians, was inadequate to enable
the timely restoration of water and wastewater services. The limited surge capacity of the water
sector with respect to mobilizing personnel and resources to address disruptions to water and
wastewater services slowed response and recovery efforts. Furthermore, human capital from the
CONUS was needed to augment the local workforce, which was facilitated through a range of
organizations including both federal agencies and a significant presence of NGOs.
Finally, as discussed previously (Chapter 2), the financial stress of water and wastewater
system operators—PRASA in particular—was and continues to be a fundamental underlying
challenge to the resilience of the water sector. The Puerto Rico financial crisis, which became
acute years before the 2017 hurricane season, constrained the budget of PRASA and its ability to
finance and invest in assets and infrastructure improvements that could have hardened the utility
against Hurricanes Irma and Maria. This was exacerbated by other fiscal challenges such as the
aging of the water distribution network, significant nonrevenue water, and high rates of
nonpayment, which reduced operating capital for PRASA. Hence, placing PRASA on a
sustainable financial pathway has been a priority concern for the government of Puerto Rico
and is clearly prioritized in the COAs developed for the water sector during recovery planning.

Opportunities for Enhancing Resilience
One of the highest-priority opportunities to support a timely and effective recovery process
and future resilience is building the capacity of water sector institutions and organizations in
Puerto Rico. In the short term, the capacity of various entities will largely determine the success
of the planning initiatives, infrastructure repairs and construction, and efforts to improve
operational efficiencies included in the Recovery Plan. In the long term, water sector resilience
to climate change and extreme events and disasters, as well as population dynamics, is similarly
dependent on the capacity of water sector utilities, regulatory agencies, and the broader
workforce, as well as the knowledge and engagement of communities and other stakeholders.
1

Y. H. Cabiya, “Demand for Bottled Water in Puerto Rico Quadruples After Hurricane Maria,” Caribbean
Business, October 23, 2017.
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Once implemented, the Recovery Plan for the water sector would strengthen Puerto Rico’s water
management to better deal with these challenges, but long-term capacity building goes beyond
recovery efforts.
One way of conceptualizing the implications of capacity on the water sector is to adopt a
capital theoretic approach. For example, capacity can be defined as a function of the various
forms of capital that decisionmakers and stakeholders within the sector use to achieve their
objectives (Table 5.1). A number of the priority recovery actions identified by the government of
Puerto Rico are closely aligned to building these various forms of capital. For example, the
government prioritized increasing the financial sustainability of PRASA (financial capacity),
improving asset management (physical capital), engaging residents around wastewater systems
(social and political capital), and developing new sources of water supply (natural capital).
An overarching goal of enhancing capacity within the water sector is enhancing
interoperability and flexibility. For example, reconciling operations and management of shared
water infrastructure systems (e.g., DNER pump stations and municipal stormwater systems)
through joint or centralized management could hasten recovery efforts and improve general dayto-day management. Such approaches could have benefits not only within the water sector but
also across other sectors by preventing recovery efforts from becoming siloed and enabling
better accounting for sectoral interactions and interdependencies in recovery planning.
Recognition of the interactions among actions outlined in the COAs, as well as which COAs are
precursors to one another, could better inform the timing and phasing of recovery efforts and
streamline projects by avoiding inefficiencies in the implementation of COAs. To this end, crosscollaboration in future recovery planning through use of small working groups, regular checkins, and overlapping team members could ensure the situational awareness and mutual buy-in to
recovery efforts in other sectors.
Table 5.1. Examples of Capital Associated with Water Sector Capacity
Type of Capital
Financial
Human
Physical
Social
Natural
Political

Examples from the Water Sector
Ability to collect revenue from drinking water service provision
Ability to access financing for infrastructure projects
Development of a skilled water sector workforce
Training of workforce in asset management and operational best practices
Quality and efficiency of water sector infrastructure
Access to data, software, and computational hardware
Urban and rural equity in drinking water access and quality
Cooperation and collaboration among institutions and organizations
Healthy watersheds, reservoirs, and waterways
Rainwater infiltration in urban areas
Public trust in water service providers
Organizational leadership on resilience planning and investment
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In addition, as reflected in the damage and needs assessment for the water sector, having
consistent recovery indicators for tracking the status of assets and operations within the sector is
important for identifying strengths and weaknesses and building resilience. For example, the
damage assessment described in this report was made possible by access to information on the
location of assets, their operational status, and the damages sustained. However, this information
had to be assembled from diverse asset owners and stakeholders, including federal agencies, the
government of Puerto Rico and its agencies, and NGOs. Moreover, there was often a lag between
when assessments were conducted and when information was available, and information was not
necessarily updated in real time as response actions were implemented. Improving the ability to
assess the status of assets and operations can improve recovery planning, the prioritization of
recovery actions, and the reporting over progress. This necessitates the development of recovery
indicators that reflect key assets and operations for the sector as well as a system for consistently
monitoring those indicators over time. These indicators and the infrastructure for tracking and
reporting should be developed as part of disaster preparedness planning and should be accessible
through a centralized platform or dashboard. To this end, illustrative indicators for the water
sector are presented in Table 5.2. These include indicators identified in the Puerto Rico recovery
plan as well as additional indicators that could be applied for more detailed assessment of the
water sector.
Table 5.2. Illustrative Metrics for Tracking the Status of Water Subsectors
Subsector
Drinking water

Metric
•
•
•

Wastewater

•
•
•

Stormwater

•
•
•

Flood control

•
•
•
•

Percentage of population with access to clean, safe water that meets federal
SDWA standards
Status and capacity of drinking water treatment plants
Reservoir levels
Percentage of the population served by a PRASA wastewater system or with
on-site septic systems that conform to best management practices
Status and capacity of WWTPs
Status of pumping stations
Number of waterways impaired by stormwater, industrial, or wastewater
contamination
Percentage of MS4 in compliance with regulatory standards
Timing of last inspection or cleaning of drains
Stream discharge
Sediment load in reservoirs and channels
Number of dams with risk mitigation measures implemented
Number of flood mitigation infrastructure assets (dams, levees, channels) with
regular monitoring and maintenance

NOTE: The Puerto Rico Recovery Plan included “percentage of population with access to clean, safe water” and
“percentage of dams with risk mitigation measures implemented” as notional indicators that could be used by the
government of Puerto Rico to track recovery. Integrated water management metrics are not specifically included in
this table because this category cuts across all other water subsectors.
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Appendix A. Courses of Action

This appendix provides the details of the water sector’s 30 COAs developed for the Puerto
Rico Recovery Plan. Each COA description includes (i) an overview of the COA and the
problem being solved; (ii) the likely benefits to the water sector and spillover effects on other
sectors; (iii) an estimate of costs for 3 levels of COA implementation, described as costing
scenarios that correspond to the sector’s Basic, Transitional, and Transformational recovery
portfolios; (iv) funding mechanisms; (v) entities needed for implementation; (vi) potential
pitfalls; and (vii) other COAs that should serve as precursors. These descriptions were developed
between January and August 2018, and the information contained in this section reflects the best
information available during that period.
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WTR 1
Resilient Repair or Replacement of the PRASA Drinking Water System
Sector Impacted
Water
Issue/Problem Being Solved
This COA will restore reliable and safe drinking water services. It addresses the need to
repair or replace drinking water assets and infrastructure damaged by Hurricane Irma and,
particularly, Hurricane Maria while also integrating interventions that address other management
challenges, including those that may arise in the future.
Description
The COA repairs or replaces PRASA drinking water system assets and facilities—
including treatment plants, pump stations, storage tanks, and distribution pipes—to address
legacy deficiencies and storm damage in a manner that enhances future resilience to extreme
events.
This COA is a combination of 3 different types of activities: (1) addressing infrastructure
needs to maintain compliance of PRASA systems with regulatory requirements, including routine
maintenance and necessary facility upgrades; (2) addressing storm damage caused by Hurricanes
Irma and Maria; and (3) implementing projects and strategies to enhance long-term resilience of
PRASA drinking water systems.
Basic services have already been reestablished for the majority of the population because of
the post-storm response efforts. Additional improvements are needed to ensure routine monitoring
and compliance with drinking water quality standards. As outlined in the PRASA CIP and
Fiscal Plan, a broad range of projects are planned over the next 5 years to enable permanent
solutions for storm damage as well as improve compliance and the efficiency and reliability of
the PRASA drinking water system. In addition, large investments beyond the 5-year time horizon
are planned to further improve the system, build resilience, and capitalize on opportunities in
innovation.
Potential Benefits
Robust, reliable, and safe drinking water and service delivery systems are critical to
support Puerto Rico’s economy, including tourism and industry, and are essential for
maintaining public health. A range of benefits are anticipated from the successful performance
of this COA depending on the level at which it is implemented. At a minimum, this COA
represents interventions that are needed to maintain regulatory compliance for PRASA drinking
water services in terms of quality, safety, and reliability. With greater investments, interventions
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can be made that prepare PRASA drinking water systems for future threats and opportunities,
including large-scale replacement of aging infrastructure and systems. Such actions would
contribute to increased safety, increased efficiency, and potential lower operating costs and
would include addressing issues associated with nonrevenue water by reducing water lost from
the system.
Potential Spillover Impacts to Other Sectors
Because water represents a critical infrastructure sector, recovery of the sector would likely
generate positive spillover effects for HSS, NCR, as well as on the broader economy. At the same
time, this COA is associated with potentially large capital costs, and thus could be associated with
large opportunity costs for other sectors.
Given the high demand for capital throughout Puerto Rico, including needs across multiple
sectors, implementation of this COA may necessitate trade-offs with other recovery objectives in
other sectors. In addition, large capital projects will create path dependence decades into the
future; therefore, careful considerations should be given to the prioritization of projects to ensure
they are consistent with not only current but also future needs (e.g., changing patterns of water
demand with changing populations).
Potential Costs
This COA represents potentially hundreds of different types of strategies and projects
that address different aspects of drinking water recovery and resilience. As such, costs of
implementing this COA vary depending on the underlying assumptions about the level at which
it is implemented. Here, we provide 3 different costing scenarios—Basic, Transitional, and
Transformational. These costing scenarios correspond with the water sector COA portfolios
constructed in the HSOAC DST. Capital costs for PRASA drinking water assets are between
$1.146 billion and $4.961 billion, depending on the level of implementation, innovation, and
investment in resilience.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $1.34 billion in estimated up-front costs
Potential recurring costs: $3.621 billion in estimated total recurring costs (over 11 years)
Potential total costs: $4.961 billion in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.1.
All costing scenarios include the completion of an independent audit of PRASA drinking
water services to assess needs vis-à-vis compliance with the SDWA. This audit is estimated at
$1 million.

70

Table A.1. Cost Scenario Description for WTR 1

Costing Scenario

Additive Levels of Implementation

Cost Estimate
(Millions)

Basic

Conduct voluntary, independent environmental audit of PRASA
drinking water systems and identify interventions necessary to
ensure compliance with the SDWA
Includes potable water projects identified in PRASA CIP in
the categories of Emergencies, Emergency/Public Works,
Compliance, and Safety
Includes costs of pipe replacement efforts (0.5%/year)

$1,146

Transitional

Includes costs of pipe replacement efforts (1.5%/year)

$2,769

Transformational

Includes costs of pipe replacement efforts (3%/year)

$4,961

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery and capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment and
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.	
  

Cost estimates for capital investments in infrastructure are derived from 3 different sources.
They are
•
•
•

projects included in the CIP
projects identified in the Build Back Better disaster recovery request (not included in the
CIP)
costs of pipe replacement based on the PRASA damage inventory.

Costs for projects included in the CIP and Build Back Better reports are included as written
and capital costs for each project are summed and rounded off to the nearest million dollars. Costs
derived from the CIP represent the total expenditure in 2018 dollars anticipated by PRASA over a
5-year period (2018–2022). Costs derived from the Build Back Better report represent point
estimates of the cost of project implementation in 2018 dollars. Pipe replacement represents a
large capital investment estimated in the PRASA damage inventory at $16.450 billion (in 2018
dollars) for water and wastewater systems, including labor and material costs. Here, total costs for
drinking water pipe replacement were estimated based on the ratio of water pipes to wastewater
pipes of 2:3 to 1:3, respectively. Therefore, the total costs for drinking water pipe replacement
were estimated at $10.972 billion. Costs in the Table A.1 assume pipe replacement efforts are
pursued over time on a prioritized basis consistent with an asset management plan (see WTR 7),
assuming different rates of replacement. Rates of replacement were expressed as an annual cost
based on a percentage of the total capital cost (from 0.5% per year to 3% per year, depending on
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the costing scenario). Uncertainties associated with total cost estimates for this COA are a
function of how different categories of projects are selected for each of the costing scenarios, the
quality of the cost estimate associated with each individual project within the CIP or Build Back
Better report, and the rate at which pipe replacement is likely to be pursued.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include
FEMA Public Assistance, Hazard Mitigation Grant Program, U.S. Department of Housing and
Urban Development (HUD) CDBG-DR, U.S. Department of Commerce Economic Development
Administration (DOC EDA), USDA, Government of Puerto Rico, PRASA, private insurance.
The majority of damages associated with Hurricane Maria are eligible for funding through
FEMA Public Assistance and Hazard Mitigation grants or PRASA insurance payments. Other
projects associated with compliance and system improvement are likely to be funded from
PRASA revenue as identified in the CIP and Fiscal Plan, based on future projects of PRASA
revenue inclusive of revenue enhancement initiatives. Individual projects may be eligible for
funding from a range of other federal programs, in particular HUD CDBG-DR funds, USDA
Rural Development programs, and the Economic Development Administration’s public works
program.
Potential Implementers
PRASA, PRDOH, USEPA
Potential Pitfalls
Implementation of these recovery actions is associated with large capital costs and
additional debt-financing, which is uncertain given the utility’s fiscal situation as compared with
debt burden and revenue. In addition, the outlook for implementation of some projects is post2025, and thus full implementation of this COA would require multiple years, so the feasibility of
implementing actions that are not currently in the PRASA budget will need to be revisited as
recovery proceeds.
Because this COA implies large capital investment in potentially long-lived infrastructure
and assets, there is the potential for significant lock-in and path dependence associated with
recovery projects. Making these investments resilient to future uncertainties in climate, population
and demand, and technology will be important.
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Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 2
WTR 3
WTR 7
WTR 26
WTR 29
WTR 30

Improve Operational Efficiency and Performance of PRASA Drinking
Water Systems
Enhance the Efficiency and Resilience of PRASA Electricity Services
Strengthen PRASA’s Asset Management Program
Build Trust and Engage PRASA Clients
Strengthen Redundancy and Diversify Water Supply Sources
Enhance PRASA’s Emergency Management Operations

Implementing this COA at any level will be contingent on PRASA meeting revenue targets,
including the realization of additional revenue through rate increases and cost-saving measures. In
addition, given the large number of projects included in this COA, a robust asset management
system will be needed to prioritize projects, shifting over time to proactive rather than reactive
management. Successful recovery of drinking water in a manner that is resilient to future threats
will require building capacity within PRASA as well as enhancing community education and
engagement to improve the shared understanding of water challenges and opportunities.
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WTR 2
Improve Operational Efficiency and Performance of PRASA Water and
Wastewater Systems
Sector Impacted
Water
Issue/Problem Being Solved
This COA will improve operational efficiency of PRASA systems. It reflects the
opportunities for enhancing PRASA’s human and organizational capacity in order to improve the
operational efficiency of PRASA assets and infrastructure, reduce operational costs, and
maximize the benefits of investments in new assets and infrastructure.
Description
This COA will improve operational efficiency PRASA’s drinking water and wastewater
systems by leveraging technology, enhancing monitoring, and through workforce development
and capacity building to strengthen the use of industry best practices to improve quantity and
quality of service.
This course of action can be implemented by assessing the operational strengths and
weaknesses of the PRASA water distribution and wastewater conveyance systems, and the
opportunities for improving operations and system efficiency, as well as their costs for
deployment. Based on this information, improvements such as implementing process
improvement strategies, water loss mitigation mechanisms, capacity building, and enhanced
monitoring and reporting systems and infrastructure can be enacted. Operational audits,
technology assessments, and capacity assessments can be undertaken within 1 to 2 years to
prioritize opportunities for interventions, followed by phased deployment of new practices and
technologies such as expanded metering and software systems.
Potential Benefits
Robust, reliable, efficient, and safe drinking water and wastewater systems are critical to
support Puerto Rico’s economy, including tourism and industry, and are essential for maintaining
public health as well as the quality and health of the natural environment. Implementation of the
COA will reduce operational costs and overall performance for PRASA, allowing the agency to
efficiently deliver services to customers while helping to achieve financial sustainability.
Programs focused on system optimization and efficiency improvements are standard
practice for water and wastewater utilities around the world, both for maintaining safety and
reliability but also for reducing operational costs. PRASA’s fiscal situation, deteriorating
infrastructure, as well as the opportunity for large investments in new infrastructure and assets
suggest the importance of maximizing efficiency of the utility’s water and wastewater systems.
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Reducing operational costs, enhancing situational awareness on water losses and water quality,
improving data collection and analysis, and improving the capacity to prioritize investment and
management decisions are all critical for PRASA to maintain the trajectory for development
outlined in the fiscal plan.
Potential Spillover Impacts to Other Sectors
This COA has the potential for positive spillover effects on HSS, NCR, and the broader
economy. As with WTR 1, which focuses on repairing and replacing potable water assets and
infrastructure, this COA potentially needs significant capital investment, depending on the level
of implementation. As such, it may necessitate trade-offs with other recovery objectives in other
sectors, or even within the water sector itself. In addition, large capital projects will create path
dependence decades into the future, and therefore careful considerations should be given to the
prioritization of projects to ensure they are consistent with not only current but also future needs
(e.g., choices about investments in technology to enhance efficiency).
Potential Costs
This COA includes a variety of activities that vary significantly in cost. As such, costs of
implementation are contingent on the underlying assumptions about the level at which it is
implemented. Here, we provide 3 different costing scenarios—Basic, Transitional, and
Transformational. These costing scenarios correspond with the water sector COA portfolios
constructed in the HSOAC DST. Costs associated with assessing opportunities for optimization,
water loss auditing, enhancing workforce training and development, and investing in systems and
technologies to support optimization range from $322 million to $1.465 billion, with the upper
end assuming large investments in physical infrastructure, technology, and process improvements
to support optimization.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $1.449 billion in estimated up-front costs
Potential recurring costs: $16.4 million in estimated total recurring costs (over 11 years)
Potential total costs: $1.465 billion in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.2.
Costs associated with completing an annual water loss audit based on the American Water
Works Association (AWWA-M36) format are assumed to be included in existing PRASA labor
costs.1 Annual costs associated with independent validation are assumed at $250,000 to hire an
independent contractor to review the audit.

1

M36 refers to the organization’s Water Audits and Loss Control Programs.
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Table A.2. Cost Scenario Description for WTR 2

Costing Scenario

Additive Levels of Implementation

Cost Estimate
(Millions)

Basic

Execute a study of the PRASA water and wastewater systems to
identify mechanisms for enhancing efficiency and optimization
Undertake annual water loss auditing, reporting, and validation for
drinking water systems
Enhance staff training and workforce development in water
systems management

$322

Transitional

Launch a tuition reimbursement program for ongoing education of
PRASA staff
Install telemetry systems on storage tanks to monitor losses
Launch a Puerto Rico Public-Private Partnerships Authority (P3)
advanced metering infrastructure (AMI) for drinking water
systems

$1,029

Transformational

Launch an operational improvement program for PRASA that
makes necessary investments in efficiency improvements
including metering and automation

$1,465

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.	
  

Costs associated with implementing a needs assessment for PRASA are based on a model
assessment conducted for the Phoenix Arizona Water Services Department at a cost of $194,800.
Given the population of Phoenix is approximately half that of Puerto Rico, the costs for the
assessment were scaled up to $400,000 (2018 dollars). Costs were scaled up further by $200,000
based on peer reviewer comments to account for the highly distributed nature of the PRASA
system relative to the single city used as a model.
Costs associated with enhancing staff training and workforce development in water systems
management were modeled from existing staff training and certification programs, including one
specific program in the state of Florida, and includes fees associated with completing coursework
to receive certifications in drinking water and wastewater management.2 Fees per person total
$575, and costs presented here assume 5% of PRASA’s 4,900 workforce is trained each year.
This results in an annual cost of $140,875.

2

Florida Department of Environmental Protection, “Examination Fees,” webpage, July 31, 2018.
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Costs associated with a tuition reimbursement program for PRASA employees are based on
U.S. military tuition reimbursement benefits of $4,500 per year. Estimates presented here assume
approximately 5% of PRASA’s 4,900 employees are eligible for reimbursement benefits each
year. This results in an annual cost of approximately $1,102,500.
Cash flow anticipated from a P3 initiative that provides advanced metering infrastructure
and improved technology throughout the PRASA system is estimated at $300 million within the
PRASA Fiscal Plan. The fiscal plan also identifies a separate investment in improved telemetry
for storage tanks of $3 million.
Costs associated with a system-wide operational improvement program are based on the
average per capita contract cost for water improvement programs among a series of case studies,3
which was scaled to the population of Puerto Rico. This resulted in an estimated program cost of
$1.015 billion.
Costs associated with expanding remote operational capabilities for PRASA systems were
based on estimates reported in the Build Back Better report and additional priority projects
identified by PRASA.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include the	
  
HUD CDBG-DR, USDA, Government of Puerto Rico, PRASA, public-private partnership.
The bulk of costs associated with this COA will likely be funded from PRASA revenue,
particularly those associated with direct operational improvements. However, PRASA’s Fiscal
Plan identified a P3 opportunity exists for funding the metering and technology component. In
addition, some of the capacity building components may be eligible for funding through federal
programs. Other grant-based funding, such as USDA Rural Development programs or HUD
CDBG-DR may be other options.
Potential Implementers
PRASA, Environmental Quality Board, PRDOH, USEPA

3

Case studies include an automatic meter reading (AMR) system and 35,000 accurate new water meters for the City
of Olathe, Kansas; expanded capacity and improved efficiency at the wastewater treatment plant city of Rome, New
York; AMR system, new booster station, and new meters for Vermont, Indiana; and the addition of 6,000 water
meters and a drive-by AMR system for City of Bedford, Indiana. Per capita costs were averaged over these case
studies, with the highest and lowest values dropped as outliers, and the result was then scaled up based on the
population of Puerto Rico. For discussions of these relevant case studies, see R. Patawaran, C. Hannah, and
G. Miller, “The Efficient Utility: From the Source to Tap and Back,” Johnson Controls, Inc., 2014.

77

Potential Pitfalls
Restoration actions are contingent on improving PRASA’s operational efficiency, fiscal
health, and cooperation with other entities such as municipalities, PREPA, and the USEPA. As
with WTR 1, Resilient Repair or Replacement of the PRASA Drinking Water System, full
implementation of this COA would necessitate large capital investments. Although a fraction of
these costs could be satisfied through a P3 arrangement, there is still a high degree of sensitivity
to the overall fiscal sustainability of PRASA. In addition, the success of the overall COA is
contingent on prioritizing the capacity building elements.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 1
WTR 3
WTR 7
WTR 10
WTR 11
WTR 26
WTR 29
WTR 30

Resilient Repair or Replacement of the PRASA Drinking Water System
Enhance the Efficiency and Resilience of PRASA Electricity Services
Strengthen PRASA’s Asset Management Program
Curtail Unauthorized Releases into Sanitary Sewers
Repair, Replace, and Improve PRASA WWTPs and Sanitary Sewer Collection
Systems
Build Trust and Engage PRASA Clients
Strengthen Redundancy and Diversify Water Supply Sources
Enhance PRASA’s Emergency Management Operations

Implementing this COA at any level will be contingent on PRASA meeting revenue targets,
including the realization of additional revenue through rate increases and cost-saving measures.
This COA is a key component of realizing those cost savings. In addition, a robust asset
management system will be needed to effectively manage system optimization. Similarly, having
the workforce capable of managing system optimization will require building capacity within
PRASA as well as enhancing community education and engagement for an improved shared
understanding of water challenges and opportunities.
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WTR 3
Enhance the Efficiency and Resilience of PRASA Electricity Services
Sectors Impacted
Water, Energy, NCR, Economy
Issue/Problem Being Solved
The COA will enhance electricity reliability and efficiency for PRASA drinking water and
wastewater assets and facilities. Maintaining drinking water and wastewater services is dependent
on an uninterrupted supply of electricity. The loss of electricity during Hurricane Maria was a
critical source of disruption of the water sector, making this a key target for efforts to improve
resilience. In addition, electricity represents a significant cost to PRASA and therefore improving
electricity efficiency is an important element of reducing operating costs.
Description
This COA will enhance the efficiency and resilience of electricity services for PRASA assets
and facilities by developing an energy diversification strategy that ensures adequate backup power
for essential facilities and reduces electricity demand through a suite of cost-effective, demand-side
measures to ensure the provision of essential water services. Implementation includes expanding
backup generators for critical assets, deploying off-grid distributed energy and storage with a
heavy emphasis on solar photovoltaic (PV), expanding the use of hydropower, and implementing a
broad range of demand management measures to reduce electricity needs and costs. The likely
timescale to see benefits is 2 to 5 years, with demand management measures having a near-term
impact, followed by supply-side initiatives.
Potential Benefits
Robust, reliable, efficient, and safe drinking water and wastewater systems are critical to
support Puerto Rico’s economy, including tourism and industry, and are essential for maintaining
public health as well as the quality and health of the natural environment. Implementation of the
COA will increase the reliability of electricity services to PRASA facilities and reduce operational
costs associated with electricity use. This will enable PRASA to efficiently deliver services to
customers while helping to achieve financial sustainability.
The primary benefits of the COA are improved resilience and financial performance of the
water and wastewater sectors. Table A.3 summarizes these benefits. The COA would save about
$1.3 billion over 20 years. The savings come from reduced water losses, increased end-use
technical efficiency, optimization of treatment and hydraulic processes, and reduced electricity
costs. The COA would improve energy resilience by providing modular distributed renewable
generation and battery storage on-site with PRASA facilities sufficient to meet approximately
99% of annual electricity demands. The assumptions used to derive estimates are described in
Table A.4.
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Table A.3. Summary of Energy Resilience Strategies for PRASA Water and Wastewater Services	
  

Water
Current
operations
Demandside
strategies
New
energy
assets

Production (MGD)

20-yr
a
NPV
(millions)

580

230

—

450,000

210,000

660,000

Production intensity (MWh per MG)

2.1

2.6

—

Production (MGD)

410

230

—

290,000

160,000

450,000

Electricity demands (MWh per year)
Production intensity (MWh per MG)

1.9

1.9

—

Solar PV (MW)

220

120

340

Solar PV (MWh)

320,000

170,000

490,000

Biogas turbines (MWh)

0

33,000

33,000

Battery storage (MWh)

1,100

520

1,620

320,000

210,000

530,000

$0

$0

$0

Business as usual
Demand-side strategies

($99)

($120)

($220)

Energy assurance

($1,100)

($570)

($1,600)

Demand side + energy assurance

($1,200)

($690)

($1,900)

Business as usual

($1,700)

($790)

($2,490)

$310

$26

$336

Demand-side strategies
Energy assurance

Levelized
cost of
energy
($/kWh)

Water +
Wastewater

Electricity demands (MWh per year)

Total energy production (MWh)
Initial
cost
(millions)

Wastewater

($1,000)

($500)

($1,500)

Demand side + energy assurance

($700)

($480)

($1,180)

Business as usual

($0.32)

($0.32)

($0.32)

$0.10

$0.03

$0.08

Energy assurance

($0.21)

($0.19)

($0.20)

Demand side + energy assurance

($0.09)

($0.09)

($0.10)

Savings over business as usual (millions)

$990

$310

$1,300

Annual equivalent savings (millions)

$86

$27

$110

Simple payback in years

14

26

16

Demand-side strategies

a

Another means of comparison across these options would be to compare annual net benefits (NPV = net present
value).

Table A.4. Assumptions Used in Estimating the Costs and Benefits of Alternative Energy Supplies
for PRASA
Assumption

Value

Units

Ratio of peak month water use to average annual water use

1.33

Peak month = August

Ratio of lowest month water use to average annual water use

0.75

Lowest month = January

3

—

2

—

300

$/kW

Ratio of peak wet weather wastewater flows to average annual
wastewater flows
a

Ratio of average wastewater flows to dry weather wastewater
Initial cost of battery storage

80

Assumption
Round-trip battery efficiency
Battery storage
Initial cost of solar energy

a

Net metering revenue (on first 75% of excess production)
Business as usual electricity costs
Unit cost of generator using biogas

Value

Units

0.92

—

peak day

—

3,000

$/kW

0.1

$/kWh

2,469

20-year NPV ($millions)

4,000

$/kW

500

kWh/MG

Unit capacity of biogas generator

26

kW/MG

Minimum wastewater treatment plant size for viable biogas production

5

MDG

Planning horizon

20

years

Discount rate

6

%

Unit production of biogas generator

b

a

For assumed PV output, see National Renewable Energy Laboratory, PVWatts Calculator online tool, for default
values for Puerto Rico.
b
Assumed no heating credit (e.g., biogas is used to generate electricity and not offset heating end-uses). Assumed
biogas can be stored for up to 1 day with zero cost for storage tanks.

Potential Spillover Impacts to Other Sectors
Positive spillover effects on HSS, Energy, Education, and the broader economy may result
from these actions. This COA would affect PREPA’s revenues and grid operations, likely
displacing a significant amount of fossil fuel power generation. The expenditures associated with
the COA would likely grow the “clean tech” sectors in Puerto Rico and have spillover/multiplier
effects for other economic sectors. The monetary savings could provide a diversity of broader
social benefits depending on how PRASA redistributes those savings.
Through PREPA’s net metering payment standard, 25% of net metered electricity is
provided as a credit to the electricity bills of public schools. Assuming this credit accrues at a rate
of $0.10/kWh, the COA would provide an annual credit of nearly $4 million to schools.
Potential Costs
The costs associated with implementing this COA vary significantly depending on how
ambitious PRASA and the government of Puerto Rico are in terms of reforming the water/energy
nexus. Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational.
These costing scenarios correspond with the water sector COA portfolios constructed in the
HSOAC DST. Costs range from $200 million to address the needs for more resilient emergency
generators to over $2.183 billion for large-scale transformation of the water sector’s electricity use.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $2.183 billion in estimated up-front costs
Potential recurring costs: Not applicable
Potential total costs: $2.183 billion in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.5.
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Table A.5. Cost Scenario Description for WTR 3

Costing
Scenario

Additive Levels
of Implementation

Cost
Estimate
(Millions)

Basic

Investment in robust emergency generators for PRASA facilities
Investment in off-grid, renewable energy

$200

Transitional

Asset management for backup power, long-term strategy for energy
supply and demand
Energy optimization technologies and practices

$483

Transformational

Demand-side strategies to reduce electricity consumption
Modular distributed renewable generation and battery storage
Expansion of hydroelectric power for PRASA assets

$2,183

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient to
address hurricane damage as well as the chronic challenges in water and wastewater management. In addition,
investments are made in incremental improvements in infrastructure and service delivery as well as capacity
building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Costs associated with implementation of more robust system of emergency generators for
PRASA facilities are estimated at $50 million, based on the PRASA Fiscal Plan.
Energy optimization investments totaling $25 million were identified in the PRASA CIP
under general construction projects, with $38 million for auxiliary backup generators not included
in the CIP. Similarly, investments of $150 million were identified in the CIP to support off-grid
renewable electricity generation and $100 million to fund expansion of hydroelectric power
generation.
Costs associated with more transformational changes in the Puerto Rico electricity sector
that span both demand management and distributed generation were based on the analysis of
generation needed to meet future demand and the costs associated with meeting that demand
using alternative renewable technologies. To explore trade-offs between energy independence,
initial costs, and life-cycle costs, 3 energy scenarios were defined. Energy independence is
meeting nearly all of PRASA’s needs with decentralized, off-grid energy provisions. Net zero
energy means PRASA produces as much energy as it consumes over a typical year, drawing from
the grid or from storage when demands exceed off-grid supplies. The energy independence and
net zero scenarios serve to bound the third scenario, where the PV capacity is provided to produce
a 20-year cost savings over the business-as-usual (BAU) scenario. The performance of these
3 scenarios is summarized in Table A.6.
Tables A.3, A.4, and A.5 indicate that approximately 340 MW of new solar PV capacity,
exhaustive use of biogas for electricity generation at 32,000 MWh per year, and 1,540 MWh of
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battery storage would reliably lead to a net 20-year monetary savings over the BAU scenario.
These savings would be on the order of $1.3 billion with a simple payback of about 16 years.
Moreover, the COA approaches energy independence in that 99% of PRASA’s energy use could
be met with decentralized energy assets, where these assets are insufficient only 9 days per typical
year. If water demands could be reduced by about 17% on these days, the COA would achieve
energy independence.
It is currently unclear how to characterize acceptable outages for the wastewater sector.
The analysis presented here provides battery storage to meet peak day demands; however, when
consecutive peak day demands do occur, the system would fail to function during an outage and
draw from PREPA during normal operations.
Table A.6. Estimated Effect of Demand-Side Management for PRASA by Major End-Use Category
Drinking
Water Pumps
580
356,000

Water
Treatment
500
32,900

Wastewater
Pumps
230
23,500

Wastewater
Treatment
230
176,000

Nonprocess
Loads
810
72,300

MWh / MG

1.700

.180

.280

2.1

.240

Strategy 1

MDG
MWh / year, current

Repair leaks

Repair leaks

Variable

Optimization

Upgrade

Energy reduction, %

30%

30%

10%

15%

1%

Initial cost (millions)

($47)

($4)

($4)

($20)

($1)

Reduce peak

Optimization

Efficient

Replace

1.0%

10%

2%

20%

($1)

($1)

($1)

($99)

410

350

230

230

636

206,000

20,700

20,700

120,000

71,500

Strategy 2
Energy reduction, %
Initial cost (millions)
Strategy 3
Energy reduction, %
Initial cost (millions)
Strategy 4

Optimization
5%
($3)
Variable speed

Energy reduction, %

10%

Initial cost (millions)

($36)

Strategy 5

Efficient

Energy reduction, %

2.0%

Initial cost (millions)

($6)

Summary
MDG
MWh / year
MWh / MG

1.39

.162

.247

1.43

.308

Reduced MWh / year

42%

37%

10%

32%

1%

Reduced kWh / MG
Initial cost (millions)
Annual savings
(millions)

17%
($93)
$33

10%
($5)
$2.7

12%
($4)
$0.61

32%
($119)
$12

51.5%
($1)
$0.16

20-yr present value
(millions)

$283

$25

$2.7

$23

$1.2
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Additional demand-side strategies not considered could further improve PRASA’s energy
resilience, such as customer end-use efficiency and conservation measures, the full scope of
hydraulic and hydrologic optimization, heating ventilation and air conditioning (HVAC)
efficiency measures, appliance upgrades, and pricing strategies.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They are	
  
FEMA Public Assistance, Hazard Mitigation Grant Program, USDA, HUD CDBG-DR,
Government of Puerto Rico, PRASA.
Funding for generators, energy optimization projects, and off-grid renewable energy would
likely be funded by PRASA revenue, although FEMA Public Assistance or Hazard Mitigation
grants may be relevant to funding emergency generators. In addition, USDA Rural Development
programs may be an avenue for supporting projects in rural areas. For more transformational
changes in electricity demand and supply, PRASA has existing energy savings performance
contracts (ESPC) with the private sector that could provide helpful sources of capital. While the
existing contracts have likely already realized the more aggressive returns, the opportunity
presented by the COA is likely significant enough to attract additional private capital, particularly
if ESPCs can be administered competitively.
Potential Implementers
Puerto Rico Aqueduct and Sewer Authority, Environmental Quality Board, Puerto Rico
Department of Health, U.S. Environmental Protection Agency
Potential Pitfalls
Recovery actions are contingent on improving PRASA’s operational efficiency, fiscal
health, and coordination with other entities such as municipalities, PREPA, and the USEPA. This
is particularly the case if this COA is to be implemented at more ambitious levels, according to
the assumptions within the Transformational costing scenario.
PRASA’s uncertain future relationship with PREPA and broader uncertainty about the
provisions of electricity on Puerto Rico may complicate an aggressive transition to decentralizing
energy. There exists limited information for assessing the feasibility of PRASA’s energy
assurance, independence, and resilience. More detailed analysis and design is likely to change the
costs and benefits of the COA, perhaps considerably. Innovation in the energy sector and urgent
needs to restore existing systems may invite decision delay.
Like other sectors, aggressively efficient water and wastewater systems typically have fewer
degrees of freedom and therefore may be less resilient, particularly with respect to excess
capacity. Trade-offs between demand-side improvements and these performance measures are
currently unknown. Trade-offs within demand-side strategies are likely but also currently known.
For example, hydraulic optimization in the water distribution network may increase losses.
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Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 1
WTR 2
WTR 7
WTR 26
WTR 30

Resilient Repair or Replacement of the PRASA Drinking Water System
Improve Operational Efficiency and Performance of PRASA Drinking Water Systems
Strengthen PRASA’s Asset Management Program
Build Trust and Engage PRASA Clients
Enhance PRASA’s Emergency Management Operations

The pursuit of greater reliability, efficiency, and resilience of electricity services for PRASA
facilities and assets should be an element of a broader strategy for improving overall operational
efficiency and upgrading infrastructure and technology. While the strategies reported here should
all be revenue neutral or, more likely, reduce operational costs over the long term, they may be
associated with significant investments over the short term. Hence, the fiscal sustainability of
PRASA during this transitional period is critical.
It should be emphasized that the analysis presented here is a feasibility assessment
conducted for all of PRASA. There is likely significant variation in the costs and benefits by
facility (and even by asset) that could improve the overall performance of the COA. The adoption
of the COA should be proceeded by the collection of information describing PRASA’s energyconsuming assets and facilities, their energy and water end-use profiles, their criticality and risks
of failure, the feasibility of installing on-site solar, and the feasibility of interconnecting facilities
(e.g., building microgrids).
PRASA contracted with Honeywell to provide an investment-grade energy audit. This
energy audit should produce asset-specific information that can identify a more strategic and
confident suite of demand-side strategies. Use of EnergyStar’s Portfolio Manager can improve
decisionmaking. In particular, the audit should be used to identify equipment near the end of its
useful life to prioritize demand-side interventions. The energy audit, risk, and criticality analyses
should then be integrated into hydrologic, hydraulic, and energy systems models to identify
synergies and trade-offs across a broad spectrum of performance measures.
With improved information, a more detailed analysis describing the costs and benefits of
energy resilience for the water and wastewater sectors should be completed, including an analysis
of fire flows and potential water quality effects. This analysis assumes one day of storage of
biogas at zero cost for gas storage tanks. There are likely trade-offs between PV capacity, biogas
storage, and battery storage that can be leveraged to reduce the costs and benefits of energy
assurance at any given WWTP.
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WTR 4
Enhance Ability to Transfer Potable Water Among PRASA
Service Zones
Sector Impacted
Water
Issue/Problem Being Solved
The COA will capitalize on opportunities to flexibly move water among PRASA service
zones to balance supply and demand. PRASA’s potable water network is complex, but in that
complexity lies opportunities to capitalize on redundancies and interconnections that exist among
different service areas to facilitate the movement of water in response to the dynamics of supply
and demand.
Description
This COA enhances the ability to transfer water supply among PRASA service zones by
improving interconnections and operations among service zones. The COA will be implemented
by identifying priority regions for building connections between service areas and assessing
the necessary infrastructure needed to implement connections. This would be followed by
infrastructure design and construction and subsequent operational management of service area
interconnections. The timescale to see benefits from these actions is expected to be 2 to 5 years
for completing the necessary analysis of options and building out infrastructure and connections.
Potential Benefits
Robust drinking water and service delivery systems are critical to support Puerto Rico’s
economy, including tourism and industry, and are essential for public health and social services.
Enhancing capacity of the potable water network to move water among service zone can help to
alleviate supply stress, particularly transient stress caused by spikes in demand or failures of
infrastructure. This can add resilience to the system and reduce the likelihood of service
disruptions to households and businesses. Furthermore, when compared with investment in
entirely new sources of water supply (e.g., WTR 29, Strengthen Redundancy and Diversify Water
Supply Sources), the establishment or improvement of interconnections between PRASA service
areas may be more cost-effective.
Potential Spillover Impacts to Other Sectors
Enhanced flexibility and reliability would have positive spillover effects on HSS, NCR, and
the broader economy. Given the challenge PRASA experiences with nonrevenue water, electricity
reliability, and gaining infrastructure, the potable water system is vulnerable to localized, shortterm supply disruptions. This poses potential risks to business continuity as well as public health
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and safety because of the potential for line depressurization and water contamination. Greater
flexibility increases system resilience by allowing service areas to leverage supply in neighboring
service areas to support risk management.
Potential Costs
Costs associated with the flexible transfer of water among different PRASA service areas
are based on costs identified in the PRASA CIP. However, costs are allocated to 1 of 3 alternative
costing scenarios—Basic, Transitional, and Transformational. These costing scenarios correspond
with the water sector COA portfolios constructed in the HSOAC DST. Costs for this COA are
estimated to range from $421.9 million to $1.45 billion, depending on the specific projects
included in the scenario.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $1.45 billion in estimated up-front costs
Potential recurring costs: Not applicable
Potential total costs: $1.45 billion in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.7.
Specific projects and their associated costs were derived from the Build Back Better Puerto
Rico request for federal assistance for disaster recovery and subsequent updates provided by
PRASA. Project costs are assumed to reflect capital costs associated with project design and
implementation, with any annual costs associated with operations and maintenance consistent
with existing operations.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include the
FEMA	
  Hazard Mitigation Grant Program, HUD CDBG-DR, USDA, Government of Puerto Rico,
and PRASA.
The principal funding mechanism identified in PRASA’s CIP is the HUD CDGB-DR
program. To the extent that additional funding is required, it would likely be derived from FEMA
Hazard Mitigation grants, USDA Rural Development programs, and/or PRASA revenue.
Potential Implementers
PRASA, PRDOH, USEPA
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Table A.7. Cost Scenario Description for WTR 4

Costing
Scenario

Additive Levels
of Implementation

Cost
Estimate
(Millions)

Basic

New infrastructure to provide potable water from more than one service
area (includes improvements to Guaynabo–Caguas Transmission Pipe;
Puerto Nuevo Pump Station Rehabilitation; Rehabilitation of 66-inch and
48-inch transmission pipelines; New Arecibo Urbana WTP 5.0 MGD and
transfers to Miraflores and Bajadero; Canóvanas Upper Reservoir capacity
increase for WTP and transfer to Metro Area; and expansion of Hatillo–
Camuy to 18 MGD and transfers to Quebradillas, Arecibo, and Lares)

$422

Transitional

New infrastructure to provide potable water from more than one service
area (includes projects in the Basic scenario plus Valenciano Reservoir and
WTP; New Lajas Reservoir and El Yunque WTP expansion to 28 MGD)

$897

Transformational

New infrastructure to provide potable water from more than one service
area (includes projects in the Transitional scenario plus Casey Reservoir
and WTP)

$1,450

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient
to address hurricane damage as well as the chronic challenges in water and wastewater management. In
addition, investments are made in incremental improvements in infrastructure and service delivery as well as
capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Potential Pitfalls
Successfully implementing this COA is contingent on multiple factors. In particular, having
the capacity to facilitate water transfers between service zones on demand will likely necessitate
improving PRASA’s operational efficiency and asset management (see Likely Precursors) in
order to optimize service zone interconnections. In addition, as this COA is not an explicit
response to hurricane damage but rather a mechanism for adding resilience to future disasters,
CDBG-DR funds may not be the appropriate funding mechanism compared with other options
(e.g., FEMA Hazard Mitigation grants).
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the following:
WTR 1
WTR 3
WTR 7
WTR 8
WTR 26
WTR 30

Resilient Repair or Replacement of the PRASA Drinking Water System
Enhance the Efficiency and Resilience of PRASA Electricity Services
Strengthen PRASA’s Asset Management Program
Implementation of New Initiatives to Achieve Financial Sustainability for PRASA
Build Trust and Engage PRASA Clients
Enhance PRASA’s Emergency Management Operations
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Capitalizing on the opportunity to enable greater transfers of water among service zones will
necessitate, first and foremost, having a reliable drinking water system in place—including both
the distribution infrastructure as well as the electricity services needed to divert water. This will
require enhancing the asset management system and incorporating this additional flexibility into
emergency management operations, so the capability can be effectively deployed when needed.
All of these precursors hinge on placing PRASA on a path to financial sustainability so that these
investments can be maintained over the long term.
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WTR 5
Improve Treatment and Storage Capacity to Handle HighTurbidity Events
Sectors Impacted
Water, NCR
Issue/Problem Being Solved
The COA will enhance the capacity of drinking water treatment plants to cope with extreme
rainfall events that can increase the turbidity of drinking water resources, necessitating additional
treatment to maintain safety and aesthetics. Enhancing the capacity of PRASA to successful treat
high-turbidity surface water has been identified a priority for the utility and is consistent with
efforts made by water utilities elsewhere to increase the resilience of water distribution systems
and the range of conditions with which they can cope.
Description
This COA will upgrade drinking WTPs in vulnerable service zones and expand source
protection to improve treatment and storage capacity to handle high-turbidity events. This will be
implemented by identifying priority reservoirs and surface water systems for treatment
interventions, evaluating treatment options as well as source protection measures, followed by
implementation of treatment enhancements and/or source protection measures for priority water
resources. The likely timescale to see the benefits of these actions is 2 to 5 years to complete
necessary analysis of options, design and build advanced treatment, and make progress
implementing source protection programs.
Potential Benefits
This COA has the potential to reduce the risks associated with high-turbidity water and
therefore increases the safety of PRASA drinking water services. Safe drinking water and service
delivery systems are critical to support Puerto Rico’s economy, including tourism and industry,
and are essential for public health. This COA also has potential benefits for environmental health
and conservation through its provisions for source water protection.
High-turbidity water can pose challenges to water treatment processes, and water utilities
are required to monitor turbidity levels because of the potential health risks associated with highturbidity water entering potable water distribution systems. Turbidity can interfere with disinfection
processes, increasing the risk of waterborne disease from bacteria, viruses, and parasites.1
1

U.S. Environmental Protection Agency, “National Primary Drinking Water Regulations,” Ground Water and
Drinking Water, webpage, 2018e.
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Reducing the effectiveness of water treatment processes over a broader range of raw water
turbidity conditions is therefore one element of developing a safe and resilient system.
Potential Spillover Impacts to Other Sectors
Increasing the safety and reliability of drinking water disinfection processes would have
positive spillover effects on HSS, as well as the broader economy. Enhancing capacity to disinfect
high-turbidity water sources leads to a more resilient drinking water system, particularly under
periods of extreme weather, as high turbidity is often a consequence of extreme rainfall and storm
events (such as hurricanes). Reducing the impact of extreme weather on drinking water systems
therefore enables water services to bounce back more quickly from threats, which benefits HSS
and, in particular, public health.
Potential Costs
Costs associated with enhancing capacity to manage high-turbidity water are based on
multiple sources including the PRASA CIP, the Build Back Better report, and model initiatives
pursued in other locations. Here, costs are allocated to 1 of 3 alternative costing scenarios—Basic,
Transitional, and Transformational. These costing scenarios correspond with the water sector
COA portfolios constructed in the HSOAC DST. Costs range from $57.8 million (to evaluate
opportunities to address high-turbidity water and implement interventions to upgrade treatment
for a priority set of water treatment plants) to $183.5 million (to implement interventions to both
upgrade treatment for a broad range of treatment plants and implement source protection around
reservoirs).
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $183.5 million in estimated up-front costs
Potential recurring costs: Not applicable
Potential total costs: $183.5 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.8.
Costs associated with evaluating opportunities for improving treatment and implementing
source protection activities are estimated at $500,000 each, for a total of $1 million for
preliminary assessment work.
Costs associated with implementing enhanced treatment options for 7 PRASA water
treatment facilities (greater than 10 MGD in capacity), prioritized in a damage assessment
undertaken for PRASA, are estimated at $56.8 million. Costs associated with implementing
enhanced treatment options for an additional 25 PRASA water treatment facilities (greater than
2 MGD in capacity) are estimated at $57.1 million. Costs associated with implementing enhanced
treatment options for an additional 25 PRASA water treatment facilities (less than 2 MGD in
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Table A.8. Cost Scenario Description for WTR 5
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Study to evaluate opportunities for treatment and source
protection around surface water resources
Enhanced treatment for 7 PRASA large (>10 MGD) WTPs
prioritized in the Arcadis damage assessment

Transitional

Enhanced treatment for 32 PRASA medium and large (>2 MGD)
WTPs prioritized in the Arcadis damage assessment

$115

Transformational

Enhanced treatment for 57 small, medium, and large PRASA
WTPs prioritized in the Arcadis damage assessment
Implementation of source protection programs for 8 large and
20 small reservoirs

$184

$58

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a
focus on addressing critical failures in the system caused by storm damage as well as investments needed
to achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities
in Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.	
  

capacity) are estimated at $64.9 million. This assumes a cost of $507,172/MGD to implement
enhanced treatment. This value is derived from an USEPA study of treatment upgrade costs (in
1999 dollars) for small drinking water systems that was normalized to 2018 dollars by applying a
standard 2.5% annual inflation rate. The cost per MGD was then applied to the total design
capacity (in MGD) of the various water treatment plants.
The costs for implementing a source protection program for 8 large and 20 smaller
reservoirs were derived from estimates of similar programs across the United States published by
the World Resources Institute.2 Those estimates range from $100,000 to $225,000. The low value
was applied to the 20 smaller reservoirs while the high value was applied to the 8 large reservoirs,
resulting in a total of $3.8 million.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include	
  
FEMA Public Assistance, HUD CDBG-DR, USEPA, USDA, Government of Puerto Rico,
PRASA.

2

S. Ozment et al., Protecting Drinking Water at the Source, Washington, D.C.: World Resources Institute, 2016.
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To the extent that upgrading water treatment processes are perceived to be a response to
Hurricane Maria (or hurricanes anticipated in the future), then this COA may be eligible for
funding through FEMA Public Assistance grants or, alternatively, the HUD CDGB-DR program.
Both treatment and source protection may also be eligible for funding through USEPA State
Revolving loan programs, if PRASA were to again qualify for that program in the future.
Alternatively, funds could be sourced from USDA Rural Development programs or PRASA
revenue as part of capital improvement efforts and system upgrades.
Potential Implementers
Puerto Rico Aqueduct and Sewer Authority, Puerto Rico Department of Natural and
Environmental Resources, Puerto Rico Department of Health, U.S. Environmental Protection
Agency
Potential Pitfalls
Implementation of this COA is contingent on improving PRASA’s financial sustainability
and building the capacity within PRASA to effectively manage upgrades to treatment
infrastructure and processes. In addition, cooperation with other agencies, such as DNER, would
be an important component of implementing source protection plans to ensure those efforts do
not conflict with ongoing land management and water resources management initiatives.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 1
WTR 2
WTR 3
WTR 7
WTR 8
WTR 26
WTR 30

Resilient Repair or Replacement of the PRASA Drinking Water System
Improve Operational Efficiency of PRASA Water and Wastewater Systems
Enhance the Efficiency and Resilience of PRASA Electricity Services
Strengthen PRASA’s Asset Management Program
Implementation of New Initiatives to Achieve Financial Sustainability for PRASA
Build Trust and Engage PRASA Clients
Enhance PRASA’s Emergency Management Operations

As mentioned under Potential Pitfalls, sustainable funding, capacity building, system
improvements, and cooperating with other agencies are necessary to effectively implement
infrastructure upgrades and watershed management programs to address the risk of high-turbidity
water.
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WTR 6
Expand PRASA Service to Unconnected Areas
Sector Impacted
Water
Issue/Problem Being Solved
PRASA drinking water services reach 97% of Puerto Rico’s population, but a remaining 3%
operate their own household systems or rely on community systems. Many of these non-PRASA
and nonregulated drinking water systems are out of compliance with SDWA requirements.
PRASA wastewater services are concentrated in urban areas within municipalities, which
constitutes 59% of Puerto Rico’s population. Areas outside of these zones lack a centralized and
centrally managed wastewater system and, instead, often dispose of wastewater in septic systems.
Poor construction and maintenance have led to leakage and human health impacts. In addition,
18 publicly operated wastewater treatment systems exist across Puerto Rico and are
undermaintained and poorly operated, posing additional risks to human health and the
environment. Similarly, an unknown number of private sanitary pumping stations are also
undermaintained and underperforming.
Description
This COA will improve drinking water quality for Puerto Rico’s population not on
PRASA’s drinking water system by connecting feasible communities and converting non-PRASA
systems to PRASA, where possible. It will also reduce the incidence of raw sewage leakage and
human exposure by connecting communities with septic systems and publicly owned wastewater
systems to PRASA sewerage, where feasible, and study the feasibility of transferring the ownership,
maintenance, and operations of sanitary infrastructure to PRASA.
This COA should be implemented according to these principal steps: (1) Revise PRASA’s
technical analyses on where connections to drinking water and wastewater services are costeffective and technically feasible for PRASA; (2) determine community willingness to connect to
PRASA systems through town hall meetings, stakeholder engagements, and outreach programs;
(3) plan capital improvements and workforce requirements for the incorporation and expansion of
systems to meet the needs of newly connected clients; (4) where feasible, rationalize current
ownership, operations, and maintenance of the drinking water and sanitary infrastructure.
Customers’ willingness-to-pay for connection to PRASA sewerage can be facilitated by allowing
households and commercial properties to have flexible payment mechanisms and/or micro loans
for connection costs. PRASA’s 2010 Wastewater Master Plan describes scenarios to connect
180 existing unsewered communities, and the USEPA highlights connecting 18 publicly operated
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wastewater treatment systems and facilities. The likely timescale to see these benefits is within
5 years.
Potential Benefits
In connected communities, this COA would eliminate risk of discharge of untreated
wastewater into the environment and centralize operation and maintenance of sanitary
infrastructure, ensuring proper operation and maintenance. In addition, the centralization of
feasible drinking water systems into PRASA would improve the quality of service and health
outcomes for connected populations.
Expanding PRASA’s wastewater service to the 180 communities identified in PRASA’s
Wastewater Master Plan would benefit nearly 24,000 individuals. In the long run, connection to
sewerage is less costly to households than ongoing maintenance of septic and other on-site
systems.3
Potential Spillover Impacts to Other Sectors
This COA would have beneficial impacts on the HHS and NCR. The 2015 Revised
Enforcement and Compliance Strategic Plan for Non-PRASA Public Water Systems (EPAPRDOH)4 primary objective is to reduce total Coliform Rule noncompliance by decreasing the
number of non-PRASA priority systems identified in the USEPA Enforcement Targeting Tool
(ETT) list (in persistent noncompliance with the total Coliform Rule). The preferred option is
to connect to PRASA where possible and disconnect non-PRASA/nonregulated (i.e., reduce
cross-connections).
Potential Costs
Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational.
These costing scenarios correspond with the water sector COA portfolios constructed in the
HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $1.249 billion in estimated up-front costs
Potential recurring costs: Not applicable
Potential total costs: $1.249 billion in total estimated cost

3

L. Daudey, “The Cost of Urban Sanitation Solutions: A Literature Review,” Journal of Water Sanitation and
Hygiene for Development, Vol. 8, No. 2, 2018, pp. 176–195.
4

Puerto Rico Department of Health, Assistant Secretariat of Environmental Health, Puerto Rico Water Supply
Supervision Program Revised Enforcement and Compliance Strategic Plan for Non-PRASA Public Water Systems,
2015.
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Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.9.
Table A.9. Cost Scenario Description for WTR 6
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

1) Assessments
2) Wastewater connection projects associated with Caño Martín
Peña

$125

Transitional

3) Connection of 18 private wastewater systems
4) Connection of 10 economically and technically feasible nonPRASA drinking water systems

$235

Transformational

5) Connection of 180 unsewered communities

$1,249

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient
to address hurricane damage as well as the chronic challenges in water and wastewater management. In
addition, investments are made in incremental improvements in infrastructure and service delivery as well as
capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Costs associated with the assessment of opportunities for expanding wastewater and/or
drinking water services are estimated at $500,000. Construction cost and total investment of
connecting 180 unsewered communities has been estimated at $1.015 billion, according to
scenario 3 in PRASA’s 2010 Wastewater Master Plan. The costs of connecting the 18 existing
private wastewater systems are estimated at $5 million per community, totaling $90 million. The
cost to upgrade and connect non-PRASA drinking water systems is $2 million per system, per
similar construction plans in PRASA’s CIP. If 10 economically and technically feasible
communities are connected, this COA would cost $20 million for expanding drinking water
services.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They are	
  HUD
CDBG-DR, USEPA, USDA.
Specific federal programs include the USEPA’s CWSRF and DWSRF and the USDA’s
water and waste disposal programs.
Potential Implementers
PRASA, non-PRASA systems, Environmental Quality Board, PRDOH, USEPA.
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This COA will be predominantly implemented by PRASA and the communities and
community systems that will be incorporated. USEPA will also be a predominant player in the
implementation of this COA along with the PREQB (for CWA concerns), and the PRDOH (for
SDWA concerns).
Potential Pitfalls
Conversion of some non-PRASA to PRASA systems could introduce risk and additional
cost for PRASA that may make the conversion process difficult and/or infeasible. Additionally,
past efforts to convert systems from non-PRASA to PRASA have been met with resistance.5
Non-PRASA and nonregulated drinking water systems typically provide lower cost services, so
incorporation into PRASA could also constitute an increase cost for clients. For wastewater
systems, the additional costs introduced from incorporating new zones could be impractical for
PRASA. Additionally, there is no legal framework that requires private sanitary pump stations to
connect to PRASA. Finally, this COA is dependent on consolidation of PRASA-owned WWTPs
and PRASA’s ability to acquire additional sanitary infrastructure.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the following:
WTR 1
WTR 2
WTR 3
WTR 7
WTR 11

Resilient Repair or Replacement of the PRASA Drinking Water System
Improve Operational Efficiency and Performance of PRASA Drinking Water Systems
Enhance the Efficiency and Resilience of PRASA Electricity Services
Strengthen PRASA’s Asset Management Program
Repair, Replace, and Improve PRASA WWTPs and Sanitary Sewer Collection
Systems

5

E. Carey et al., “Expansion of the Water Distribution System in the Rio Prieto Region,” Worcester Polytechnic
Institute, 2008.
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WTR 7
Strengthen PRASA’s Asset Management Program
Sector Impacted
Water
Issue/Problem Being Solved
PRASA lacks comprehensive information on its water and wastewater treatment,
distribution, conveyance, and storage infrastructure and could benefit from improvements to
its planning processes for the repair, upgrade, replacement, and divestment of assets. Asset
management systems are now widespread in infrastructure-intensive industries and operations as
a means of tracking assets, their depreciation, and needed maintenance, recapitalization, or
retirement. Increasingly, asset management systems are technology-dependent, creating both
new opportunities as well as new challenges for their effective deployment.
Description
This COA will implement an asset needs assessment and enhance PRASA’s asset
management program to decrease life-cycle costs and improve performance. It will be
implemented by procuring asset management software and infrastructure to support program
development and training of staff to enhance capacity to implement asset management best
practices. The likely timescale to see benefits is 2 to 5 years to complete necessary procurement
and implementation of program enhancements and develop human capital.
Potential Benefits
Improvements to asset management support day-to-day operational decisionmaking,
strategic planning and investment, as well as emergency management efforts. They enable
systemic examinations of assets and operations at risk, key vulnerabilities and impacts, and the
interventions necessary to restore services. Understanding assets, their characteristics, and their
performance is therefore essential for enhancing system optimization and efficiency to reduce
operating costs. To that end, asset management helps to support robust drinking water and
wastewater service delivery, which supports Puerto Rico’s economy, including tourism and
industry, and is essential for human and social services.

98

Formal asset management programs are strongly recommended for water utilities.1 USEPA2
has identified a number of benefits of such programs that include
•
•
•
•
•
•
•
•

prolonging asset life and improving decisions about asset rehabilitation, repair, and
replacement
meeting consumer demands with a focus on system sustainability
setting rates based on sound operational and financial planning
budgeting focused on critical activities for sustained performance
meeting service expectations and regulatory requirements
improving responses to emergencies
improving the security and safety of assets
reducing overall costs for both operations and capital expenditures.

Enhancing PRASA’s asset management practice is therefore an enabler of a number of other
objectives for the water sector—from financial sustainability to infrastructure repair to
information sharing.
Potential Spillover Impacts to Other Sectors
Because of its role in supporting other management objectives, asset management can have
positive spillover effects on HSS (e.g., water safety and emergency response), NCR (e.g., water
quality and ecosystem health), as well as the broader economy.
Potential Costs
Costs associated with implementing an enhanced asset management system are on the order
of $12 million over the course of 11 years, based on annual costs of licensing data integration
software and training staff. These costs are allocated identically across 3 different costing
scenarios—Basic, Transitional, and Transformational—because asset management is a core need
for both modest and ambitious recovery pathways. These costing scenarios correspond with the
water sector COA portfolios constructed in the HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: Not applicable
Potential recurring costs: $11.5 million in estimated total recurring costs (over 11 years)
Potential total costs: $11.5 million in total estimated costs

1

U.S. General Accounting Office, “Water Infrastructure: Comprehensive Asset Management Has Potential to Help
Utilities Better Identify Needs and Plan Future Investments,” GAO-04-461, 2004.
2

U.S. Environmental Protection Agency, “Asset Management for Water and Wastewater Utilities,” Sustainable
Water Infrastructure, webpage, 2018a.
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Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.10.
Table A.10. Cost Scenario Description for WTR 7
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Acquisition of asset management software solutions
Training of PRASA staff in software-based asset
management

$12

Transitional

Basic activities

$12

Transformational

Basic activities	
  

$12

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a
focus on addressing critical failures in the system caused by storm damage as well as investments needed
to achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Under all costing scenarios, PRASA would move to acquire licenses for asset management
software, estimated at $475,000 per year (2018 dollars). This cost assumes the training of 5% of
PRASA’s workforce in formal asset management each year, at a cost of $5,000 per year per
person.
In addition, training of staff in asset management processes is estimated at $570,000 per
year (2018 dollars). This assumes training of 5% of PRASA staff (or 95 individuals) each year at
a cost of 8,000 per group of 8 training participants. This results in an annual cost of $570,000 per
year, assuming no discounting in future years.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include
the	
  Government of Puerto Rico, PRASA, U.S. Department of Labor, USEPA, USDA, and NGOs.
The implementation of an asset management system would likely be funded through
PRASA revenue. However, some costs associated with training and implementation could be
shared with other federal agencies, such as USDA Rural Development programs, industry
associations, and/or not-for-profit organizations and foundations with a capacity building mission.
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Potential Implementers
Puerto Rico Aqueduct and Sewer Authority, Environmental Quality Board, Puerto Rico
Department of Health, U.S. Environmental Protection Agency
Potential Pitfalls
The critical pitfall with implementing an enhanced asset management capability is ensuring
the effort is adequately resourced, both in terms of human and physical capital, to ensure its
sustainability and effectiveness. In the absence of such capacity building or with inadequate
capacity building, the potential benefits may not be realized.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 1
WTR 2
WTR 3
WTR 8
WTR 26
WTR 30

Resilient Repair or Replacement of the PRASA Drinking Water System
Improve Operational Efficiency of PRASA Water and Wastewater Systems
Enhance the Efficiency and Resilience of PRASA Electricity Services
Implementation of New Initiatives to Achieve Financial Sustainability for PRASA
Build Trust and Engage PRASA Clients
Enhance PRASA’s Emergency Management Operations

Asset management is one foundational element of a modern, efficient water utility. To be
effectively applied, however, a number of building blocks need to be in place. Implementation of
enhanced asset management should be accompanied by planned improvements and investments in
water and wastewater infrastructure, energy assurance and demand management, and emergency
management. In addition, asset management is dependent on the fiscal sustainability of PRASA in
order both to maintain asset management capabilities and to implement investments and decisions
that are prioritized through the management process.
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WTR 8
Implementation of New Initiatives to Achieve Financial Sustainability
for PRASA
Sector Impacted
Water
Issue/Problem Being Solved
PRASA’s revenue is declining, and the utility is constrained with respect to taking on
additional debt. This necessitates aggressive action for PRASA to be able to meet its operational
and financial objectives while building resilience for the long term.
Description
This COA will improve financial sustainability of PRASA by developing and implementing
plans that include asset divestment, reducing operating costs and customer delinquencies,
enhancing revenue collection, and exploring alternative pricing mechanisms and public-private
partnerships. It ensures long-term financial sustainability and access to capital markets; it further
ensures that PRASA can meet its obligations by implementing a viable fiscal plan that increases
revenues, reduces costs, and restructures public and private debt. The existing fiscal plan has been
updated to incorporate post-hurricane adjustments. The main components for revenue increases
include moderate but affordable rate increases, a P3 to replace and improve PRASA’s metering
and customer service systems, and increased collection rates on government accounts. The main
components for cost reduction include physical loss reduction, optimized hydroelectric
generation, and other expense reduction. The main components of debt restructuring include
implementation of interest and principal forbearance agreements. Implementation includes
investing in structural and nonstructural interventions including rate increases, P3 opportunities,
paperless accounting, new fees, enhanced collections, workforce reduction, debt restructuring, and
new federal funding. The likely timescale to see benefits is 1 to 2 years, given some measures
have already been implemented.
Potential Benefits
PRASA is Puerto Rico’s dominant water and wastewater service provider, so maintaining
the reliability and quality of PRASA water and drinking water services is critical to support
Puerto Rico’s economy, including tourism and industry, and essential for public health and social
services. Maintaining a viable water utility that is capable of making necessary investment to
enable compliance, reliability, resilience, and innovation is therefore in the broader interest of
Puerto Rico overall.
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Placing PRASA on a sustainability financial trajectory—despite the pressures of declining
demand, significant debt burden, and recovery from storm damage—is essential to achieving the
majority of other COAs needed to support the strategic objective for recovery of the water sector.
Fundamentally, demonstrating sustainable finances creates the opportunity for PRASA to
continue to invest in infrastructure, assets, workforce development, and operational process
improvements. While some of the actions associated with this COA require capital investments,
the majority are revenue enhancement and cost-saving measures. Reducing operating costs
enhances the flow of capital into debt-servicing and capital investments.
Potential Spillover Impacts to Other Sectors
Because water represents a critical infrastructure sector, recovery of the sector would likely
generate positive spillover effects for HSS, NCR, and the broader economy. At the same time,
however, this COA is associated with various policy changes that could have negative
externalities.
As a critical infrastructure system of systems, water and wastewater services are fundamental
to supporting the broader social and economic welfare of Puerto Rico. Therefore, the sustainability
of PRASA has important positive spillover effects across other sectors, reflecting the general high
social and economic value of water to society. However, placing PRASA on a sustainable
financial footing may necessitate revenue enhancement schemes such as rate increases and new
fees as well as debt restructuring. These policies have negative externalities on both PRASA
customers (in the form of higher rates) and creditors. Given that rates for water and wastewater
services for PRASA customers are already relatively high, increasing rates could contribute to
greater frequency of nonpayment, which could negatively affect revenue enhancement goals.
Similarly, the need for debt restructuring, though necessary over the short term, could have
negative impacts on future debt financing.
Potential Costs
As articulated in PRASA’s Fiscal Plan, CIP, and the Build Back Better report, PRASA
has already invested significant effort in identifying mechanisms for achieving financial
sustainability. These include physical improvements in the drinking water system to reduce
losses. Most of these improvements are captured in other COAs (particularly WTR 1, WTR 2, and
WTR 3). This COA largely addresses nonstructural policies for revenue enhancement and
reductions in operational costs. Such mechanisms are not associated with capital or annual costs,
but rather generate cost savings needed to achieve PRASA’s financial objectives. As such, the
costs reported here represent transaction costs associated with administration of financial
management efforts and that are not captured in other COAs.
Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational.
These costing scenarios correspond with the water sector COA portfolios constructed in the
HSOAC DST.
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The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: Not applicable
Potential recurring costs: $1.8 million in estimated total recurring costs (over 11 years)
Potential total costs: $1.8 million in total estimated costs
Additional details regarding what strategies are included for each costing scenario are
provided in Table A.11.
Table A.11. Cost Scenario Description for WTR 8
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Execution of PRASA Fiscal Plan (including rate increases, P3
opportunities, paperless accounting, new fees, enhanced collections,
workforce reduction, debt restructuring, and new federal funding)
Implementation of a customer assistance program

$2

Transitional

Basic activities

$2

Transformational

Basic activities

$2

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient to
address hurricane damage as well as the chronic challenges in water and wastewater management. In addition,
investments are made in incremental improvements in infrastructure and service delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

As PRASA has already moved forward with implementing many of these strategies and
because they are critical regardless of the costing scenario, identical actions and costs are assumed
across the costing scenarios. Costs for ongoing administration of financial programs are estimated
at $500,000 over 11 years. Costs associated with implementing a customer assistance program are
estimated at $100,000 per year based on similar programs elsewhere in the United States.1 These
costs are then extrapolated over 11 years, assuming no discounting of future costs.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include the	
  
Government of Puerto Rico, PRASA, USDA, and NGOs.

1

U.S. Environmental Protection Agency, Drinking Water and Wastewater Utility: Customer Assistance Programs,
EPA Water Infrastructure and Resiliency Finance Center, 2016a.
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Funding PRASA’s operations and investments is first and foremost the responsibility of the
utility, particularly given that many of the necessary actions will be associated with cost savings.
Therefore, the costs of program implementation would largely be addressed through PRASA
revenue and linked to PRASA’s rate structure. However, the expectations of new federal funding
reflect the role of other actors in supporting PRASA’s Fiscal Plan, including FEMA as well as
USEPA State Revolving Fund or USDA Rural Development programs.
Potential Implementer
Puerto Rico Aqueduct and Sewer Authority
Potential Pitfalls
The primary pitfall associated with this COA is its reliance on the successful application of
multiple mechanisms for achieving financial sustainability. If there are delays in implementing
any class of mechanism or if any of those underperform in terms of delivering expected cost
savings, then more stringent measures may be required in the future to make up the shortfall in
funding.
Various aspects of the fiscal plan that lead to financial sustainability involve uncertainty,
including the public’s willingness to accept rate increases, demographic outflow that may reduce
revenue collection, the ability to restructure debt, and larger economic conditions in Puerto Rico.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 1
WTR 2
WTR 3
WTR 7
WTR 26
WTR 30

Resilient Repair or Replacement of the PRASA Drinking Water System
Improve Operational Efficiency of PRASA Water and Wastewater Systems
Enhance the Efficiency and Resilience of PRASA Electricity Services
Strengthen PRASA’s Asset Management Program
Build Trust and Engage PRASA Clients
Enhance PRASA’s Management Operations

A number of precursors are necessary for establishing a sufficient robust foundation on
which PRASA can build a sustainable financial future. These include facilitating the repair or
replacement of physical assets comprising PRASA’s water and wastewater systems. Enhancing
the physical integrity of these systems is critical for reducing physical losses and nonrevenue
water. Operating these systems and their associated assets and infrastructure in an efficient
manner is also critical for reducing operational costs. Maintaining long-term sustainability is also
dependent on short-term financial liquidity as the revised fiscal plan is implemented, including
maximizing insurance payments, restructuring debt, and outstanding revenue collection.
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WTR 9
Conduct a Water Rebuild by Design Competition
Sectors Impacted
Water, NCR
Issue/Problem Being Solved
Innovative and creative solutions to building resilience into Puerto Rico’s water
infrastructure are limited by available partnerships, experience, and funding. A Rebuild by Design
competition would infuse local knowledge with global expertise by incentivizing partnerships
between global design and engineering firms with local communities, officials, and experts.1
Enhancing the resilience of Puerto Rico’s water sector first necessitates repairing damages
in a manner that acknowledges and addresses the legacy of system depreciation, underinvestment,
lack of maintenance, and incomplete monitoring. Despite these challenges, the recovery process
creates opportunities for preparing communities in Puerto Rico for the future by creating a multibenefit water infrastructure designed by world-class designers working with communities that
will use it.
Description
This COA will fund the implementation of projects under a new “Rebuild by Design”
process to spur innovative resilience projects in the water sector that are collaboratively developed
by community members, civic leaders, and nationally recognized design and engineering firms.
Just as this effort stimulated creative resilience strategies in the aftermath of Hurricane Sandy, a
similar effort would develop innovative solutions to enhance resilience and address vulnerabilities
exposed by Hurricanes Irma and Maria on Puerto Rico.
Rebuild by Design convenes a mix of sectors—including government, business, nonprofit,
and community organizations—to gain a better understanding of how overlapping environmental
and human-made vulnerabilities put regions at risk. The methodology entails true public-private
partnerships to bring together local communities and international experts. This process will
uncover vulnerabilities and design evidence-based solutions unique to a given community that
address long-standing vulnerabilities and those exposed by Hurricane Maria.
The design solutions for the winning proposals will range in scope and scale—from a multibenefit, large-scale infrastructure to small-scale residential resiliency retrofits. The competition
process will strengthen the understanding of regional interdependencies. Ultimately, designs that
demonstrate they meet the goals of the process will be selected for implementation and will
1

Rebuild by Design, “Who We Are,” webpage, 2019.
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receive CDBG-DR funding totaling $300 million for implementation. After a round of proposals
and design processes, each of the funded projects will move forward, undergo additional
engineering studies and environmental assessments, and break ground in 2020.
Potential Benefits
This program will connect local communities with some of the nation’s leading design firms
to collaboratively identify and solve problems and address vulnerabilities that were exposed by
Hurricanes Maria and Irma in the water sector.2
In other implementations, following Superstorm Sandy, this program was such a success
that HUD later used it as a model for the National Disaster Resilience Competition, which
distributed nearly $1 billion in unallocated HUD CDBG-DR funds to 14 projects throughout the
United States. The Rebuild by Design process and competition has been replicated in a dozen
cities at multiple scales, including the San Francisco Bay Area and internationally.
Potential Spillover Impacts to Other Sectors
This COA could be implemented across all infrastructure categories as a larger Rebuild
by Design competition. In this case, designs and projects could focus broadly on resilience.
Interdependencies across sectors would be a primary focus.
This COA will focus on water though the model of the Rebuild by Design competition will
look to address multiple benefits. In this case, water would be a primary focus, though designs
could enhance communities, create job opportunities, or address housing, equity, or transportation,
for example.
Potential Costs
Puerto Rico will receive $8.3 billion in HUD CDBG-DR funds explicitly for disaster
mitigation; $300 million could be used to create a Rebuild by Design competition for Puerto Rico
to catalyze a community-driven discussion of resilience solutions and actual implementation and
construction of winning proposals.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $300 million in estimated up-front costs
Potential recurring costs: Not applicable
Potential total costs: $300 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.12.
2

Rebuild by Design, “Post-Hurricane Sandy Neighborhood Survey: Principle Findings,” Institute for Public
Knowledge, New York University, 2017.
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Table A.12. Cost Scenario Description for WTR 9	
  
Costing
Scenario

Additive Levels
of Implementation

Basic

Pilot Rebuild by Design process for water infrastructure in rural
communities

Transitional

Pilot Rebuild by Design process for water infrastructure

Transformational

Create and execute Rebuild by Design competition for water
infrastructure

Cost Estimate
(Millions)
$5
$10
$300

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a
focus on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

This competition could be implemented at 2 levels, as shown in Table A.13. In a pilot
implementation, the Rebuild by Design competition could be geared toward selecting one specific
geographical area. In a full implementation of this COA, the Rebuild by Design competition
would be executed as envisioned for Hurricane Sandy, but at a scale and focus tailored to Puerto
Rico’s water sector needs. The cost estimates include those associated with project
implementation. Costs associated with program administration are included in the Community
Planning and Capacity Building (CPCB) courses of action under CPCB 10, “Incentivize
Resilient‚ Creative Design Solutions for Addressing Hazards.” A project implementation for a
Rebuild by Design competition for small rural communities would cost about $5 million for a
modest pilot study. A larger implementation effort for a larger number of communities and
systems could be funded at $10 million, with large-scale implementation of a range of projects
across Puerto Rico estimated at $300 million. This COA could further serve as a framework for
thinking about recovery projects throughout the water sector.
Potential Funding Mechanisms
HUD CDBG-DR funds explicitly for disaster mitigation, U.S. Department of Energy’s
Critical Water Issues Prize Competition
Potential Implementers
The two entities that could support the implementation of this COA are the	
  Government of
Puerto Rico and the U.S. Department of Housing and Urban Development.
The government of Puerto Rico will receive $8.3 billion in HUD CDBG-DR funds
explicitly for disaster mitigation; $300 million could be used to create a Rebuild by Design
108

competition for Puerto Rico’s water sector to catalyze a community-driven discussion of
resilience solutions and actual implementation and construction of winning proposals.
Potential Pitfalls
This process could lead to designs and infrastructure that require costly maintenance. Failure
to keep up with maintenance would accelerate the depreciation of assets and risk their failure or
early retirement. Any winning design should include planning and options for long-term
maintenance. This COA would require coordination among multiple governmental layers and
agencies. From the onset, it will be critical to ensure collaboration and inclusion of all parties
involved in permitting, regulations, and implementation.
In the lessons learned from the Hurricane Sandy Rebuild by Design competition, one key
takeaway was that future efforts should identify funding sources to support long-term monitoring
and maintenance.3
Likely Precursors
This COA could be broadly applied across the water sector and is contingent on available
funding and available capacity, among government officials and local firms, to partner with
international design and engineering experts. One precursor from Community Planning and
Capacity Building has been developed specifically to address the administrative aspects of
establishing a Rebuild by Design initiative.
CPCB 10

Incentivize Resilient‚ Creative Design Solutions for Addressing Hazards

This COA could be implemented across all infrastructure categories as a larger Rebuild by
Design competition. In this case, designs and projects could focus broadly on resilience;
interdependencies across sectors would be a primary focus.

3

J. Grannis et al., Rebuilding with Resilience: Lessons from the Rebuild by Design Competition After Hurricane
Sandy, Washington, D.C.: Georgetown Climate Center, 2016.
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WTR 10
Curtail Unauthorized Releases into Sanitary Sewers
Sector Impacted
Water, NCR
Issue/Problem Being Solved
Over 27,000 sanitary sewer overflows occur each year because of poor maintenance and
disposal practices. Sanitary collection systems often have buildup and clogging from disposal of
fats, oils, and grease, which react with other constituents in wastewater to form blockages that
result in sewage overflows.1 Other unauthorized releases into sanitary collection systems results
in contamination of receiving waters or human exposure to contaminants.
Description
This COA will curtail the disposal of FOG and unauthorized releases into wastewater
collection systems to improve the performance of these systems, minimize the reduction of
hydraulic capacity, reduce overflow events, and improve the quality of receiving waters. Routine
cleaning and inspection of collection systems and enforcement of PRASA’s pretreatment program
will improve the management of unauthorized releases and mitigate their impacts. In addition,
priority actions of this COA include (i) educating the public on proper FOG disposal and the
consequences of improper disposal on overflow events and receiving waters, (ii) introducing
unauthorized release mitigation measures and programs, and (iii) creating financial incentives that
prevent the disposal of FOG in the wastewater system.
Priority implementation actions include establishing routine cleaning schedules of PRASA’s
sanitary collection systems (to identify and address problem areas where FOG has been disposed),
effectively enforcing PRASA’s pretreatment program (to mitigate unauthorized or out-of-compliance
releases into the sanitary sewer collection system), and developing and conducting educational and
outreach programs across Puerto Rico’s 78 municipalities for residential and commercial
customers. The likely timescale to see benefits is 3 to 5 years with ongoing operation and
maintenance and education.
Potential Benefits
The main benefit is curtailment of the principal cause of sanitary sewer overflows, resulting
in less backups into residences and streets. Fewer sanitary sewer overflows will reduce raw
1

Xia He, Francis L. de los Reyes III, and Joel J. Ducoste, “A Critical Review of Fat, Oil, and Grease (FOG) in
Sewer Collection Systems: Challenges and Control,” Critical Reviews in Environmental Science and
Technology, Vol. 47, No. 13, 2017, pp. 1191–1217.
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sewage exposure and improve human health in impacted communities. For PRASA, this COA
would also result in lower operational and maintenance cost for wastewater systems.
Potential Spillover Impacts to Other Sectors
This COA will improve the quality of life in for residents in municipalities and reduce
impacts on the environment. The principal sectors with spillover effect are therefore Human and
Social Services, Municipalities, and Natural and Cultural Resources.
Potential Costs
This COA includes costs related to educational campaigns and additional PRASA staff for
dedicated operations and maintenance and the enforcement and monitoring of pretreatment
programs. Here, we provide 3 different costing scenarios—Basic, Transitional, and
Transformational. These costing scenarios correspond with the water sector COA portfolios
constructed in the HSOAC decision-support tool.
The recovery plan included the cost of the Transformational scenario.
Potential upfront costs: $0.5 million
Potential recurring costs: $23.5 million in estimated total recurring costs (over 11 years)
Potential total costs: $24 million in total estimated costs
Additional details regarding what strategies are included for each costing scenario are
provided in Table A.13.
The estimate for total annual expenditures for additional manpower for PRASA is $625,000
(10 employees at $62,500/year). Extended over an 11-year period, this results in a cost of
Table A.13. Cost Scenario Description for WTR 10	
  
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Enhancements of PRASA’s cleaning and maintenance of
sanitary sewer collection systems

$18

Transitional

Educational campaigns and introducing unauthorized release
mitigation measures and programs

$21

Transformational

Developing financial incentives to reduce FOG and other
unauthorized releases

$24

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.
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$6,875,000. The annual repairs and maintenance costs are estimated at $1 million or $11 million
over 11 years.
Educational campaigns are estimated at $90,000 per location per year. We estimate PRASA
will introduce education campaigns at 5 locations per year at a cost of $450,000 or $4,950,000
over 11 years.
Development of financial incentives would require an upfront cost of $500,000 for study
and analysis and $62,500 annually for dedicated additional staff to manage incentive programs,
resulting in a cost of $1,187,500 over 11 years.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include the
Government of Puerto Rico, PRASA, USEPA, and USDA.
Projects designed to address FOG, poor maintenance, or other discharges are likely to be
funded from PRASA revenue with potential support from the USEPA’s CWSRF, should PRASA
again become eligible for state revolving funds after restricting existing federal debt. In addition,
USDA Rural Development programs may be a source of funding for sanitary sewer management
and improvements in rural areas.
Potential Implementers
Various entities could support the implementation of this COA. They include the	
  PRASA,
PREQB, and USEPA.
PRASA will be the primary implementation agency and will carry out activities with the
guidance of USEPA and PREQB, in partnership with PRASA customers and communities.
Potential Pitfalls
This COA will require consistent attention and enforcement of regulations. Reducing the
disposal of FOG requires effective community education and engagement by the public, which
would constitute an additional cost for PRASA.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the following:
WTR 1
WTR 2
WTR 7
WTR 11
WTR 26

Resilient Repair or Replacement of the PRASA Drinking Water System
Improve Operational Efficiency of PRASA Water and Wastewater Systems
Strengthen PRASA’s Asset Management Program
Repair, Replace, and Improve PRASA WWTPs and Sanitary Sewer Collection
Systems
Build Trust and Engage PRASA Clients
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WTR 11
Repair, Replace, and Improve PRASA Wastewater Treatment Plants
and Sanitary Sewer Collection Systems
Sector Impacted
Water, NCR
Issue/Problem Being Solved
PRASA’s WWTPs were damaged during Hurricane Maria, reducing capacity to treat
wastewater. In addition, PRASA has been cited in the past for noncompliance with the CWA
and has a history of chronic incidents of untreated wastewater discharges and overflows that
adversely affect water quality and pose a risk to human health. Meanwhile, existing wastewater
sewer systems are fragile, with insufficient capacity to manage additional flows during extreme
events.
Description
This COA will repair, replace, and update WWTPs as well as sanitary and combined sewer
systems to maintain regulatory standards in a manner that anticipates future capacity needs and
follows industry best practices. This COA focuses on optimizing system design through the
integration of technology and sensors, complying with current operational standards and best
practices, and protecting critical system infrastructure components and illicit discharge detection
and elimination (IDDE). Implementation includes identifying system vulnerabilities and recovery
needs, reviewing technology options and capacity needs, and evaluating proposals, options, and
the costs and benefits of system improvements (including expansions and consolidations). The
likely timescale to see benefits is 5 to 10 years.
Potential Benefits
This COA would restore wastewater management capabilities and eliminate discharge of
untreated sewage to the environment, and reduce the risk of closures of beaches and waterways
because of contamination.
Potential Spillover Impacts to Other Sectors
Positive spillover impacts are likely for Energy, NCR, and the broader economy.
Potential Costs
This COA represents potentially hundreds of different types of strategies and projects that
address different aspects associated with the recovery and resilience of PRASA wastewater
systems. As such, costs of implementing this COA vary depending on the underlying assumptions
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about the level at which it is implemented. Here, we provide 3 different costing scenarios—Basic,
Transitional, and Transformational. These costing scenarios correspond with the water sector
COA portfolios constructed in the HSOAC DST. Capital costs for PRASA wastewater assets are
between $665,923,000 and $2,829,900,000, depending on the level of implementation and
innovation.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $1.017 billion in estimated up-front costs
Potential recurring costs: $1.813 billion in estimated total recurring costs (over 11 years)
Potential total costs: $2.83 billion in total estimated cost
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.14.
Table A.14. Cost Scenario Description for WTR 11
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Includes wastewater projects identified in PRASA CIP in the
categories of Emergencies, Emergency/Public Works, Compliance,
and Safety
Includes costs of pipe replacement efforts (0.5%/year)

$693

Transitional

Includes wastewater projects identified in PRASA CIP in the
categories of Meter Replacement, Growth, Quality, Renewal and
Replacement, and Fleet and IT
Includes costs of pipe replacement efforts (1.5%/year)

$1,361

Transformational

Includes projects identified in the Build Back Better report for
sanitary sewer and storm drainage infrastructure as well as
additional resilience projects in the PRASA Fiscal Plan
Includes costs of pipe replacement efforts (3%/year)

$2,830

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Cost estimates are derived from 3 different sources. These sources are
•
•
•

projects included in the PRASA CIP  
projects identified in the Build Back Better disaster recovery request
costs of pipe replacement based on the PRASA damage inventory.
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Costs for projects included in the CIP and BBB reports are included as written and capital
costs for each project and summed and rounded off to the nearest million dollars. Costs derived
from the CIP represent the total expenditure in 2018 dollars anticipated by PRASA over a 5-year
period (2018–2022). Costs derived from the Build Back Better report represent point estimates of
the cost of project implementation in 2018 dollars. Pipe replacement represents a large capital
investment estimated in the PRASA damage inventory at $16.45 billion (in 2018 dollars) for
water and wastewater systems, including labor and material costs. Here, total costs for wastewater
pipe replacement were estimated based on the ratio of water pipes to wastewater pipes of 2/3 to
1/3, respectively. Therefore, the total costs for drinking water pipe replacement were estimated at
$5.494 billion. Costs in Table A.14 assume pipe replacement efforts are pursued over time on a
prioritized basis consistent with an asset management plan (see WTR 7), assuming different rates
of replacement. Rates of replacement were expressed as an annual cost based on a percentage of
the total capital cost (from 0.5% per year to 3% per year, depending on the costing scenario). For
the purpose of this COA, total undiscounted costs in 2018 dollars are calculated over a 10-year
period. Uncertainties associated with total cost estimates for this COA are a function of how
different categories of projects are selected for each of the costing scenarios, the quality of the
cost estimate associated with each individual project within the CIP or Build Back Better report,
and the rate at which pipe replacement is likely to be pursued.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include	
  
FEMA Public Assistance and Hazard Mitigation grants, HUD CDBG-DR, USDA, Government of
Puerto Rico, PRASA, and private insurance.
The majority of damages associated with Hurricane Maria are eligible for funding through
FEMA Public Assistance and Hazard Mitigation grants or PRASA insurance payments. Other
projects associated with compliance and system improvement are likely to be funded from
PRASA revenue as identified in the CIP and Fiscal Plan, based on future projects of PRASA
revenue inclusive of revenue enhancement initiatives. Individual projects may be eligible for
funding from a range of other federal programs, in particular HUD Community Block Grants,
USDA Rural Development programs, and the Economic Development Administration’s public
works program.
Potential Implementers
PRASA, PREQB, USEPA
Potential Pitfalls
Implementation of these recovery actions is associated with large capital costs and
additional debt-financing, which is uncertain given the utility’s fiscal situation vis-à-vis debt
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burden and revenue. In addition, the outlook for implementation of some projects is post-2025,
and thus full implementation of this COA would require multiple years, so the feasibility of
implementing actions that are not currently in the PRASA budget will need to be revisited as
recovery proceeds.
Because this COA implies large capital investment in potentially long-lived infrastructure
and assets, there is the potential for significant lock-in and path dependence associated with
recovery projects. Making these investments resilient to future uncertainties in climate, population
and demand, and technology will be important.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 1
WTR 2
WTR 3
WTR 7
WTR 26
WTR 29
WTR 30

Resilient Repair or Replacement of the PRASA Drinking Water System
Improve Operational Efficiency and Performance of PRASA Drinking Water Systems
Enhance the Efficiency and Resilience of PRASA Electricity Services
Strengthen PRASA’s Asset Management Program
Build Trust and Engage PRASA Clients
Strengthen Redundancy and Diversify Water Supply Sources
Enhance PRASA’s Emergency Management Operations

Implementing this COA at any level will be contingent on PRASA meeting revenue targets,
including the realization of additional revenue through rate increases and cost-saving measures. In
addition, given the large number of projects included in this COA, a robust asset management
system will be needed to prioritize projects, shifting over time to proactive rather than reactive
management. Successful recovery of wastewater services and assets in a manner that is resilient to
future threats will require building capacity within PRASA as well as enhancing community
education and engagement to improve the shared understanding of wastewater management
challenges and opportunities.
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WTR 12
Enhance Electricity Reliability and Redundancy for Non-PRASA and
Nonregulated Systems
Sector Impacted
Water, Energy
Issue/Problem Being Solved
Over half of the assessed non-PRASA water systems incurred some damage during
Hurricanes Irma and Maria, with over a quarter of these systems losing power. While several
water systems had backup generators, many had one source of electricity, resulting in single
points of failure. Moreover, these communities were slow to recover as a result of their remote
location, limited inventories of backup assets, and in some cases, inadequate training to restore
water systems. To reduce the risk of a sustained power outage caused by extreme weather, this
COA provides more resilient energy supplies for the non-PRASA and nonregulated water
systems, jointly referred to as “non-PRASA” systems hereafter.
Description
The COA enhances electricity reliability for non-PRASA water systems under both normal
and emergency operations by assessing opportunities for resilient energy systems, providing solar
hybrid generation to diversify energy sources, upgrading electrical systems, rightsizing water
supply equipment, providing backup generation and storage assets in locations that reduce single
point of failures, and training communities to install, operate, and maintain off-grid energy
systems. Implementation includes assessing existing electricity demands and vulnerabilities,
identifying contingency plans and infrastructure needs for the provision of emergency power,
and assessing off-grid electricity options to identify more resilient ways of meeting needs and
deploying those options in priority systems. The likely timescale to see benefits is 5 years.
Potential Benefits
The COA will increase the reliability and resilience of rural drinking water systems by
diversifying energy sources, providing energy storage and backup generation assets in locations
that reduce single points of failure, and training community members to install and maintain offgrid energy systems. A combination of conventional diesel generators and solar panels provides
n + 1 redundancy with respect to operating energy sources. Moreover, diesel generation and
battery storage can be hardened on-site and located separately to reduce the risk of simultaneous
damage.
The COA includes a backup inventory of energy assets located off-site yet near clusters of
non-PRASA communities. Locating backup inventories off-site yet near affected communities
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diversifies the risks of future damages in a manner that also increases the cost-effectiveness of
resilience by sharing backup assets. Ideally, future analysis would identify locations of backup
inventories that are within a day’s drive of clusters of non-PRASA communities, indicating that
water losses from future damages will be no longer than one day.
Moreover, by adding solar panels and battery storage, the non-PRASA energy systems
become more modular than diesel generators, which generally serve a narrow range of loads. The
modular nature of solar hybrid systems further diversifies the risks of future damages by allowing
limited operations of partially damaged systems and facilitating quicker recovery with “plug and
play” equipment swaps.
The COA trains members of non-PRASA communities to install, operate, and maintain
next-generation energy technologies. Research and practice have shown that rural water systems
are more resilient when water supply infrastructure is installed, operated, and maintained by
community members. Moreover, such skills may have broader educational and economic
development benefits for non-PRASA communities, as Puerto Rico is expected to transition to
renewable energy systems during its recovery from hurricane damages.
Potential Spillover Impacts to Other Sectors
By reducing the use of diesel, this COA improves energy independence for Puerto Rico and
reduces emissions, some of which have negative health effects. This COA will also improve
health outcomes by providing more reliable drinking water systems. Other sectors are likely
planning provisions for temporary power. Thus, there is a need to coordinate across sectors to
ensure Puerto Rico does not overcompensate with respect to backup inventories of power assets
and that grid integration can be completed where sensible.
Potential Costs
Table A.16 summarizes the costs estimates for 3 energy resilient alternatives: new diesel
generators (gensets), a solar panel plus battery system, and a hybrid solar system (solar, batteries,
and diesel generators). The hybrid solar system provides the most redundancies and source
diversification and is thus the system associated with this COA. The other 2 systems are provided
for comparison.
The recovery plan included the cost of the Transformational scenario.
Potential upfront costs: $54 million in estimated upfront costs
Potential recurring costs: $9.8 million in estimated total recurring costs (over 11 years)
Potential total costs: $63.8 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
also provided in Table A.15.
Costs of the COA may vary depending on the price of diesel, solar panels, and battery storage.
These costs also assume complete replacement of existing generators, whereas existing generators
may be sufficient as operating or backup assets. Costs would also vary by community depending
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Table A.15. Cost Scenario Description for WTR 12
Costing
Scenario

Additive Level
of Implementation

Cost Estimate
(Millions)

Basic

Ensuring backup diesel generators for all non-PRASA and
nonregulated systems

$46

Transitional

Providing PV, storage, and backup diesel generators for all nonPRASA and nonregulated systems

$64

Transformational

Transitional activities

$64

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

on the location of pumps relative to solar availability. Initial assessment of solar feasibility
assumed that solar panels needed to be located immediately adjacent to pumps; however, solar
panels can be removed from the assets they power and doing so would improve resilience by
diversifying the risk of future damages. Thus, this COA assumes solar can be installed at all
non-PRASA communities.
The type of backup generation and storage assets significantly influences financial
performance. While hybrid solar systems confidently produce the least expensive electricity, the
capital-intensive nature of solar panels and batteries reduces their cost competitiveness when
including backup inventories (assumed to be 25% of operating assets). On the other hand, solar
panels and batteries enhance resilience relative to generators given their modular “plug and play”
characteristics. A more detailed analysis would likely identify combinations of operating and
backup assets that reduce the total costs (operating plus backup assets) of hybrid solar systems by
increasing the share of diesel generators and fuel in backup inventories.
The costs would also vary depending on whether the community is connected to the
PREPA. This COA assumes that none of the non-PRASA communities are connected to PREPA.
A considerable amount of solar production is wasted because of intermittency in solar irradiance
and water demands. A PREPA connection would generate revenue through net metering. Future
analysis could identify the equivalent distance to PREPA’s grid that makes a grid integration cost
competitive to solar hybrid systems. Similarly, configuring micro grids within and across
communities would make the energy systems more cost-effective.
Site-specific analysis is likely to identify competitive run-of-river hydroelectric installations
in some of the 45 communities using surface water supplies not fed by gravity. Run-of-river
hydroelectric was not considered here.
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Table A.16. Summary of Energy Resilience Alternatives for Non-PRASA and Nonregulated Water
Systems
Genset
GW

SW

3.4

0.37

PV, Battery
GW

SW

PV, Battery, Genset
GW

SW

3.4

0.4

Design capacities
Genset (MW)
Solar PV (MW)

11

1.4

5.2

0.6

Battery (MWh)

36

3.5

12

1.3

980
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Solar PV, total (MWh)

18,000

2,300

8,800

900

Solar PV, used (MWh)

8,200

890

7,200

770

Solar PV, unused (MWh)

9,800

1,400

1,100

88

—

10

500

42

$1.7

$0.18

Production
Genset (MWh)

8,300

910

Losses (MWh)
Initial cost (millions)
Genset

$1.7

$0.18

Solar PV

$33

$4.2

$15

$1.6

Battery

$11

$1.1

$3.6

$0.38

Inverter

$1.1

$0.14

$1.0

$0.13

Financial
Initial cost (millions)

$1.7

$0.18

$44

$5.4

$22

$2.3

O&M costs (millions/yr)

$3.4

$0.38

$1.2

$0.12

$0.8

$0.09

Net present value (millions)

$56

$6.2

$63

$7.2

$34

$3.8

$0.43

$0.44

$0.49

$0.52

$0.26

$0.27

Levelized cost of energy ($/kWh)
Subtotals, operating assets (GW + SW)
Initial cost (millions)

$1.9

$50

$24

Net present value (millions)

$62

$70

$37

Initial cost, backup assets (25%)
Genset (millions)

$0.42

$0.05

—

—

Fuel, 1 month (millions)

$0.29

$0.03
$8.1

$1.1

Battery (millions)

$2.7

$0.27

$0.9

$0.1

Inverter (millions)

$0.28

$0.03

$0.25

$0.03

$56

$6.8

$27

$3

Solar PV (millions)

Subtotal, backup assets (millions)

$2.4

$0.26

$0.42

$0.05

$0.29

$0.03

$3.9

$0.41

Totals (GW + SW) (millions)
Initial cost (millions)

$4.5

$110

$54

Net present value (millions)

$62

$130

$68

NOTE: GW = Groundwater as a principal water source; SW = Surface water as a principal water source; O&M =
Operations and management.

Direct current (DC) motors/pumps may also be more cost-effective. However, they may
reduce resilience in that most generation assets use alternating current (AC). Thus, DC-powered
systems would need a rectifier to accommodate a full complement of common AC sources (e.g.,
the power grid) and may increase the risks of equipment shortages in supply chains.
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Rainwater harvesting may also provide cost-effective resilience in some communities by
diversifying both water and energy sources.
This COA assumes non-PRASA communities have one peak day of storage for flow
equalization. Communities without storage would need to draw supplies during periods of
adequate solar availability, which may not be practicable. Similarly, this COA assumes nonPRASA drinking water supplies are not used for fire protection. Significantly more off-grid
energy supplies would be required to meet fire flows.
Training and annual testing of operating and backup equipment are critical, but the costs are
not likely significant and are thus not included here. Installation, training, and maintenances costs
may be reduced by training select non-PRASA community members to be installers, followed by
a subsequent “train the trainers” model, where those trained continue to pass on their skills to
other communities.
Each of the potential impacts on costs could be resolved with a detailed resilience needs
assessment of the 240 non-PRASA systems, which would cost approximately $1 million to
$2 million. The costs of this assessment would vary depending on the quality of existing field
data and the types of energy and water sources and stores assessed.
Potential Funding Mechanisms
USDA Rural Energy for America, USDA Rural Development Water and Environment
Program
Potential Implementers
Non-PRASA and nonregulated water communities and system operators would be
supported by PRDOH, technical assistance providers, and equipment vendors.
Potential Pitfalls
The transition from diesel generation to hybrid solar systems involves considerably more
capital investment but substantially fewer operating costs. This cash flow shift from operating
costs to capital expenditures increases the risks of underinvestment in infrastructure assets needed
to maintain more resilient energy systems, particularly in backup inventories. Depending on the
costs of backup inventories, the COA may increase short-term electricity costs.
The COA recommends sharing backup inventories in an effort to diversify risks of single
points of failure and reduce the costs of resilience. However, it may be difficult to share costs and
ownership of these assets, particularly during an emergency.
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Failure to adequately maintain investments in more reliable energy systems and assets
would increase energy costs for electricity users.
Likely Precursors
WTR 16, which describes building capacity of non-PRASA systems, is a relevant precursor,
regardless of the level of implementation.
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WTR 13
Develop Reuse Practices for Treatment By-Products
Sector Impacted
Water
Issue/Problem Being Solved
Wastewater and drinking water treatment by-products, or biosolids, constitute a significant
expense for PRASA because of the cost of biosolid movement and disposal.
Description
This COA will find economically viable uses for treatment biosolid by-products by
developing reuse practices and processes that enable the use of biosolids in the energy, industrial,
and agricultural sectors. The implementation includes identifying a technology and by-product
combination that can produce value, using that technology at each WWTP, and then arranging to
sell the by-product. The likely timescale to see benefits is 5 to 10 years
Potential Benefits
This COA would mitigate the costs associated with by-product disposal as well as develop
an additional revenue stream for PRASA.
Potential Spillover Impacts to Other Sectors
Municipalities and industrial purchasers of treatment by-products would be affected. NCR
will also be affected by the decrease in sludge disposal requirements.
Potential Costs
The primary costs associated with this COA are related to the installation of equipment to
convert biosolids into usable by-products. Here, we provide 3 different costing scenarios—Basic,
Transitional, and Transformational. These costing scenarios correspond with the water sector
COA portfolios constructed in the HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $90 million in estimated up-front costs
Potential recurring costs: Not applicable
Potential total costs: $90 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.17.
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Table A.17. Cost Scenario Description for WTR 13
Costing
Scenario

Additive Levels
of Implementation

Basic

Not implemented

Transitional

A pilot case at one site

Transformational

Implementation at 30 sites

Cost Estimate
(Millions)
$0
$3
$90

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a
focus on addressing critical failures in the system caused by storm damage as well as investments needed
to achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

The upfront cost is $90 million, based on 30 WWTP installations, at $3 million per
installation. Not reflected in the costs is a potential gain of $9 million per year, based
on $300,000/year gain per installation.1 This gain would have to be ascertained from the initial
testing.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include the	
  
HUD CDBG-DR, USEPA, USDA, public-private partnerships, Government of Puerto Rico, and
PRASA.
In addition to PRASA revenue, other potential funding would come from the USEPA’s state
revolving loan programs; Water Infrastructure Finance and Innovation Act loans and loan
guarantees; and USDA’s grants and loans. This COA could also present an opportunity for a
public-private partnership with a willing private partner.
Potential Implementers
The entities that could support the implementation of this COA are	
  PRASA, PREQB,
PRDOH, and the USEPA.

1

E. Gies, “Value for Sewage? A New Technology Cleans Up Wastewater,” The Guardian, March 7, 2014;
N. Cullen, R. Baur, and P. Schauer, “Three Years of Operation of North America’s First Nutrient Recovery
Facility,” Water Science and Technology, Vol. 68, No. 4, 2013, pp. 763–768.
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PRASA will be the principal implementation agency for this COA, but it will likely be
carried out in partnership with commercial actors, the PREQB, and the USEPA.
Potential Pitfalls
This COA depends on PRASA’s organizational capacity to process, utilize, or sell treatment
by-products, as well as the support of regulatory and other agencies involved. If technology
changes, the end-use of treatment by-products, such as biogas for energy production, could no
longer be needed.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 7

Strengthen PRASA’s Asset Management Program

WTR 8

Improve Financial Sustainability of PRASA
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WTR 14
Improve Equity in Drinking Water Provision for Nonregulated Systems
Sector Impacted
Water
Issue/Problem Being Solved
Isolated rural populations typically rely on community water systems. While many larger
community water systems are regulated by the PRDOH and USEPA as non-PRASA systems,
there remains a small universe of “nonregulated” systems, estimated at over 250 systems. Water
systems serving less than 15 connections are not regulated by PRDOH/USEPA. These
unregulated systems face challenges similar to non-PRASA regulated systems—namely,
inadequate infrastructure and water treatment capacity, as well as a lack of adequately trained
staff and financial resources. They are at a further disadvantage, however, without water quality
testing, post-hurricane assistance, and other resources that registered non-PRASA systems
receive.
Description
This COA will equip an existing government entity or NGO to develop equitable, reliable,
and resilient solutions to household drinking water provision in geographically remote areas and
expand mechanisms to coordinate and fund NGO and municipal efforts for the provision of safe
drinking water in nonregulated drinking water systems.
The implementers identify and conduct an assessment of nonregulated water systems. The
assessment will address current disparities in service provision and cost among different
communities of water users, impacts of those differences on hurricane vulnerability, needs for
differential recovery options across communities, and differential constraints on their deployment.
The public health risks of unreliable and/or untreated water supply will also be assessed.
Implementing partners will convene to determine water supply and treatment needs and
feasibility based on the assessments of nonregulated systems. A coordinated implementation plan
that engages NGO, municipal, and grass-roots organizations will designate geographic areas
where support will be delivered and conduct implementation to cover all areas with nonregistered
systems. Resources for identified needs will be provided and the currently uncoordinated efforts
to transition emergency water treatment and provision mechanisms into resilient last-mile
solutions for safe drinking water provision will be enhanced through coordination. Larger
nonregulated systems may register with PRDOH as non-PRASA systems; smaller nonregulated
systems in proximity may consolidate to share costs of water treatment, water quality monitoring,
and system operation, maintenance, and administration. If consolidation is not feasible,
nonregulated systems may be represented by an existing 501(3)c to access funds and receive
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technical support. Public health risks and benefits of consolidation, registration as non-PRASA
water systems, and/or NGO representation for improved access to technical support will be
communicated to the water system owners and operators, the population served, and the local
authority in areas served by nonregulated water systems. The likely timescale to see benefits is
within 5 years; assessments will begin upon plan funding.
Potential Benefits
Potential benefits include increased equity in water service provision, improvement in
overall water system performance, and increased awareness and demand for safe and reliable
water supply. Small community water systems that reliably supply treated water reduce exposure
to waterborne disease. A reliable and safe water supply saves the population time and money by
avoiding the need to purchase, collect, and treat water; it also saves the population from suffering
the consequences of drinking and bathing in unsafe water. Education to increase awareness of the
benefits of treated water, and the risks of relying on “traditional” water supplies, will increase
demand for water treatment, which in turn will increase demand for nonregulated small water
systems to conduct water treatment and to test water quality and communicate results.
Communication of water system hurricane vulnerability to system owners and operators, local
authorities, and the population served will raise awareness of the need for climate-resilient water
systems.
Potential Spillover Impacts to Other Sectors
Positive benefits will accrue to HSS, as well as the broader economy.
Potential Costs
Upfront costs would include an inventory assessment of nonregulated systems and
infrastructure investments to retrofit/replace emergency water supply and treatment assets for
long-term service provision. Upfront costs would also include establishing coordination
mechanisms. There would be ongoing annual costs for coordination of service provision and
support by NGOs for remote areas with off-grid solutions for safe drinking water, plus technical
support for ongoing operations, maintenance, and repair costs. Here, we provide 3 different
costing scenarios—Basic, Transitional, and Transformational. These costing scenarios correspond
with the water sector COA portfolios constructed in the HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $7 million in estimated up-front costs
Potential recurring costs: $5.5 million in estimated total recurring costs (over 11 years)
Potential total costs: $12.5 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.18.
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Table A.18. Cost Scenario Description for WTR 14
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Inventory assessment
Infrastructure investments for up to 50 priority water systems
Ongoing coordination and technical assistance program for
nonregulated systems (11 years)

Transitional

Infrastructure investments for up to 100 priority sites

$6

Transformational

Infrastructure investments for up to 250 priority sites

$13

$3

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient
to address hurricane damage as well as the chronic challenges in water and wastewater management. In
addition, investments are made in incremental improvements in infrastructure and service delivery as well as
capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.	
  

We estimate $500,000 for assessments of nonregulated systems at up to 250 sites—2 days
effort per site for government or NGO employee ($250/day),1 $250,000 for site visit travel, and
$125,000 for water quality testing. We estimate $500,000 for disparities and vulnerabilities
assessments and public health risk communication at up to 250 sites—2 days effort per site for
government or NGO employee ($250/day); 200 days effort for subject matter expert(s)
($500/day)2 to analyze disparities and vulnerabilities and define climate-resilient recovery options
and prepare appropriate public health risk communication campaign; and $275,000 for travel.
For infrastructure investments, needs for repairs/improvements will not be uniformly
distributed geographically—some nonregulated systems will not require any assistance and others
will require expansion of distribution network and/or addition of water treatment infrastructure. In
the absence of further information we estimate $12,000 per system (2018 dollars). The scale of
these investments is assumed to vary across costing scenarios, with investments targeting the top
50 systems most in need of support under the Basic scenario (or $600,000), the top 100 systems
under the Transitional scenario ($1.2 million), and all 250 systems3 under the Transformational
1

Day rates based on annual salary of $62,300 for a regular employee of the government of Puerto Rico.

2

Day rates based on annual salary of $124,600 for a subject matter expert.

3

Estimates are based on small water system capital expenditure for systems serving 50 households (adjusting from
2000 dollars to 2018 dollars at 2.5% annual inflation), according to World Health Organization estimation in J.
Cameron, P. Hunter, P. Jagals, and K. Pond, eds., Valuing Water, Valuing Livelihoods: Guidance on Social CostBenefit Analysis of Drinking-Water Interventions, with Special Reference to Small Community Water Supplies,
Geneva: World Health Organization, 2011.
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scenario ($3 million). An equal investment is assumed to be needed to address the costs to
implement, coordinate, and centralize reporting of the delivery of infrastructure investments:
Basic $600,000; Transitional $1.2 million; Transformational $3 million.
To have ongoing technical assistance delivered by partners (which becomes a small
community water system ongoing infrastructure cost not recovered from user fees), we estimate
$2,000 (2018 dollars) per year per system.
Potential Funding Mechanisms
Puerto Rico Community Foundation and other NGOs; USEPA Drinking Water State
Revolving Fund; USDA Emergency Community Water Assistance grants and other USDA
sources
Potential Implementers
Nonregulated systems, NGOs, PRDOH, Puerto Rico Public Service Commission,
universities, DNER (with DNER requiring permits for construction of water extraction
infrastructure for nonregulated systems)
Potential Pitfalls
Nonregulated systems are vulnerable to climate variability and change and have less
capacity to recover from climate-related shocks. There is limited institutional jurisdiction over
water sources that have less than 15 connections. This COA should be instituted and maintained
in the long term, which means it requires a steady stream of funding and community support.
Nonregulated systems that choose not to register, consolidate, or be represented may not be
eligible for funding.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 12

Enhance Electricity Reliability for Non-PRASA and Nonregulated Systems

WTR 15

Improve Reliability and Safety of Non-PRASA Systems
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WTR 15
Improve Reliability and Safety of Non-PRASA Systems
Sectors Impacted
Water, HSS
Issue/Problem Being Solved
Non-PRASA drinking water systems routinely face exceptional challenges. They are
typically located in rural areas and rely on both surface water and groundwater for supply. Many
water sources are improperly protected from chemical, microbial, and heavy metal contamination,
which compromises water quality and safety. Treatment, distribution, and revenue collection are
performed by the communities themselves and are not routinely practiced. Because community
members are not typically certified operators or utility managers, financial sustainability and
regulatory compliance remain challenges. As a result of these dynamics, non-PRASA systems
have historically failed to comply with drinking water quality standards for total coliform,
turbidity, and SDWA monitoring and reporting requirements. Further, because of their oftenunofficial legal status as drinking water utilities, many non-PRASA drinking water systems are
ineligible for federal grants and loans.
Description
This COA will repair or replace distribution system infrastructure, improve water treatment,
enhance monitoring, and expand contingency planning to improve the reliability and safety of
water provision for non-PRASA drinking water systems.
This COA will be implemented by conducting technical appraisals (and quality assurance of
such appraisals) of 240 non-PRASA facilities. Higher-priority systems, such as those with water
quality issues stemming from damage to existing chlorination systems or a lack of disinfection
capability, will be identified and prioritized. This COA will also strengthen and improve water
collection and treatment infrastructure based on water source type, current and projected
population demand, and hurricane vulnerability. An important aspect of this implementation is
ensuring improved record keeping for water quality monitoring to support compliance with the
SDWA and other guidelines and regulations. The likely timescale to see benefits is within 2 years.
Assessments will begin upon plan funding. This will take place in rural areas with non-PRASA
systems, primarily in east and south regions, with priority given to systems serving schools and
health care facilities.
Potential Benefits
Increased capacity for the reliable provision of safe drinking water and improved
compliance with the SDWA is critical for maintaining public health.
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A range of benefits are anticipated from the successful performance of this COA depending
on the level at which it is implemented. At a minimum, this COA represents steps that are needed
to determine the extent of repair to maintain regulatory compliance and protect public health.
With greater investments, interventions such as replacement of infrastructure can be made that
prepare non-PRASA drinking water systems to withstand current threats. With even greater
investment, systemic improvements to the monitoring of these systems will ensure that future
threats are detected early and corrected.
Potential Spillover Impacts to Other Sectors
HSS; Economy
Potential Costs
Upfront costs would be the infrastructure costs to improve water collection and treatment
infrastructure. These would be accompanied by additional annual costs for operations,
maintenance, and compliance. Here, we provide 3 different costing scenarios—Basic,
Transitional, and Transformational. These costing scenarios correspond with the water sector
COA portfolios constructed in the HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $10.4 million in estimated up-front costs
Potential recurring costs: $11 million in estimated total recurring costs (over 11 years)
Potential total costs: $21.4 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.19.
Estimate $1 million for technical assessments and quality assurance at 240 non-PRASA
facilities. We estimate 2 days effort per site1 for subject matter experts at $500/day and 3 days
effort per site for government employee at $250/day.2 This generates a total of $420,000 in
personnel costs. In addition, we estimate $250,000 for site visit travel, $130,000 for water
quality testing, and $200,000 for quality assurance.
We estimate that three-quarters of the 240 non-PRASA systems require significant
infrastructure improvements.3 Systems using surface water are anticipated to require
1

As reported by PRDOH Auxiliary Secretary of Environmental Health and Public Health Laboratory on April 26,
2018, assessments of remote sites with difficult terrain can take up to a full day to perform, not including travel time.
2

Day rates based on $124,600/year for subject matter experts and $62,300 for a regular employee of the government
of Puerto Rico.
3

In 2015, only one-quarter of non-PRASA systems reported chlorine residual data to PRDOH. 45% of non-PRASA
systems use surface water and 55% use groundwater. In the absence of further information, we estimate that threequarters of systems require repairs or improvements.
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Table A.19. Cost Scenario Description for WTR 15

Costing Scenario

Additive Levels of Implementation

Cost Estimate
(Millions)

Basic

Technical assessment for non-PRASA systems
Repair or replace equipment for 60 priority non-PRASA
systems to improve treatment and contingency planning
Support for operations, maintenance, and compliance for all
non-PRASA systems

$15

Transitional

Repair or replace equipment for 180 priority non-PRASA
systems to improve treatment and contingency planning

$19

Transformational

Repair or replace equipment for all 240 non-PRASA systems to
improve treatment and contingency planning

$21

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

repair/improvement to surface water intake, settling tanks, and/or another component of the
system and may require switching to a groundwater source (costs estimated at $75,000/system).
Systems using groundwater are anticipated to require repair/improvement to holding tanks and/or
another component of the system (costs estimated at $10,000/system).4 The different costing
scenarios assuming a total of 60, 180, and 240 non-PRASA systems are prioritized for upgrades
in the Basic, Transitional, and Transformational scenarios, respectively. These systems are
assumed to be distributed among groundwater (55%) and surface water (45%) systems. This
results in total costs of system improvement of $3,345,000, $7,395,000, and $9,420,000,
respectively, across costing scenarios.
Operations, maintenance, and SDWA compliance costs are estimated at $1 million annually
over 11 years ($11 million) for all 240 systems. This cost is assumed in all costing scenarios.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include
USEPA, USDA, and the government of Puerto Rico.

4

Estimates are based on small water system capital expenditure for systems serving 350 households (adjusting from
2000 dollars to 2018 dollars at 2.5% annual inflation, according to World Health Organization estimation in
Cameron et al., 2011.
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Capital costs could be funded from USEPA Drinking Water State Revolving Fund, USDA
loan and grant programs, or the USDA Circuit Rider program. Operation and maintenance costs
could be derived from revenue from individual non-PRASA facilities.
Potential Implementers
Non-PRASA drinking water systems, Puerto Rico Public Service Commission, USEPA,
PRDOH (Potable Water Division, Environmental Health Regional Offices), NGOs
Potential Pitfalls
This COA has a high sensitivity to climate variability and change, population and
demographic changes, and limited institutional jurisdiction over water sources that serve small
populations.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 14
WTR 16

Improve Equity in Drinking Water Provision for Nonregulated Systems
Build Capacity of Non-PRASA Systems

Non-PRASA operators and clients need to recognize the value of water treatment and must
have the operational and managerial capacity to operate and troubleshoot treatment systems. In
some locations, connection to the PRASA system presents a solution, but consideration should be
given to the historic preference of autonomy.
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WTR 16
Build Capacity of Non-PRASA Systems
Sector Impacted
Water
Issue/Problem Being Solved
Technical, managerial, and financial capacity for non-PRASA systems is limited. High
energy costs, lack of certified operators and treatment equipment, and limited funding rank high
among the principal challenges in managing non-PRASA systems. Many small systems do not
have meters and consequently charge a flat monthly service rate. Various sources have reported
rates ranging from $3 to $20 per customer per month, with some systems not charging any fee,
leaving inadequate resources for compliance, repairs, or maintenance.1 These issues collectively
contribute to inefficiencies, inconsistent reliability, and risks to public health.
The USEPA’s Drinking Water State Revolving Fund, which can provide loans for water
infrastructure projects, has not historically been a viable option for non-PRASA systems.
Description
This COA builds technical, managerial, administrative, and financial capacity of nonPRASA communities and their users by enhancing and institutionalizing communication and
outreach to non-PRASA system operators and communities. The implementation of this COA
includes equipping an existing government entity or NGO to address oversight mechanisms and
expansion of a continuous and permanent rural assistance program (such as a circuit rider
program2 or other) that provides financial, operational, and technical assistance along with
education and training. As part of the assistance program, standard operating procedures and best
practices will be reviewed, improved upon, and communicated across systems and communities.
Under a Transitional/Transformational implementation scenario, this COA will also include the
creation and operation of an association3 that would serve as an organizing body for non-PRASA
1

S. Berahzer, “Who Is Supplying Water in Puerto Rico?” University of North Carolina Environmental Finance
Center (blog), November 7, 2015; K. Massey, “Letter from Environmental Financial Advisory Board to USEPA
Office of Enforcement and Compliance Assurance,” 2014.
2

A circuit rider program provides technical assistance to rural water systems that are experiencing day-to-day
operational, financial, or managerial issues. U.S. Department of Agriculture, “Circuit Rider Program: Technical
Assistance for Rural Water Systems,” USDA Rural Development, webpage, 2017.
3

One model is the Puerto Rico Primary Care Association Network (PRPCAN), which is a Health Center Controlled
Network, funded by the Health Resources and Services Administration, with goals to improve clinical quality
metrics, health outcomes, and health information exchange. Although this association focuses on a different service
need, it can be used as a model for how to develop and institutionalize capacity building. Other models to consider
are those from organizations supporting small water utilities.
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systems. A key component of the success of this COA requires institutionalizing capacity
building; therefore, the development of a sustainable and self-governed association will go a long
way in achieving desired outcomes. Sustainability of the program will be fostered by taking a
community-based participatory approach to build agency and capacity within each community.
Professional training and certification will focus on simple systems for public notification of
water quality problems, including performance indicators; best practices for budgeting, setting,
and collecting tariffs; and public awareness of the relationship between water quality and health to
support mitigation actions during emergencies. The program will also include the development of
guidance materials to train operators in standard operating procedures (SOPs) and best practices,
including technical, commercial, administrative, financial, quality assurance, reporting, and
others.
Since the level of awareness and needs can vary widely by community, an assessment of
knowledge needs and technical capacity across communities will need to be conducted and
opportunities for alignment identified. For greatest optimization, this assessment will draw from
the findings of assessments conducted in COA WTR 15. This program could be supported by use
of existing evaluation and capacity development tools developed by PRDOH and the Puerto Rico
Science and Technology Trust.
This project should be established within 2 years and maintained to ensure non-PRASA and
nonregulated community members have the adequate training and resources on an ongoing basis.
This will take place in rural areas with non-PRASA systems, primarily in regions in the east and
south.
Potential Benefits
Capacity building programs give community members the skills and experience to run their
system themselves, resulting in better service. A well-structured and organized community can
better engage community members, develop new leaders, and create a sense of ownership.
Planning initiatives are more likely to meet the specific needs of a community if more members
are involved in the process. Well-trained operators, leaders, and a reliable public notification
system are essential to protecting public health. Further, these improvements result in better
operational performance of the system and improved service provision to the communities in both
normal and emergency situations.
Potential Spillover Impacts to Other Sectors
There are potential positive spillover effects on HSS and NCR.
Potential Costs
Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational.
These costing scenarios correspond with the water sector COA portfolios constructed in the
HSOAC DST.
135

The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: Not applicable
Potential recurring costs: $13.9 million in estimated total recurring costs (over 11 years)
Potential total costs: $13.9 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.20.
Table A.20. Cost Scenario Description for WTR 16
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Expansion of a rural technical assistance program for nonPRASA systems, requiring 2 full-time equivalents (FTEs)

$3

Transitional

Expansion of a rural technical assistance program for nonPRASA systems (5 FTEs); preliminary planning and
development work to develop an association

$7

Transformational

Expansion of a rural technical assistance program (10 FTEs)
into a sustainable association to increase capacity (through
training of leaders and operators) and share best practices

$14

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a
focus on addressing critical failures in the system caused by storm damage as well as investments needed
to achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to
support system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Costs are estimated based on the scale of investment in labor to provide technical assistance
to non-PRASA systems. Costs are based on an estimated annual FTE of $125,000 (2018 dollars)
for a skilled technician. These are fully burdened costs that include salary and benefits, plus the
cost of supporting energy, materials, and purchased services that workers need in their job. The
various costing scenarios vary with respect to the number of FTEs devoted to technical assistance.
The 11-year undiscounted costs for the provision of technical assistance assume 2, 5, and 10
technicians for the Basic, Transitional, and Transformational scenarios, respectively, at a cost of
$2,750,000, $6,875,000, and $15,125,000. An additional $10,000, 25,000, and $50,000 per year
for the Basic, Transitional, and Transformational scenarios, respectively, is assumed to be needed
to support communication and outreach costs, and for the Transitional/Transformational
implementation scenarios, there are costs associated with the association start-up (e.g.,
travel/meetings/administrative governance), for a total cost of $110,000, $275,000, and $550,000
over 11 years.
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Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include	
  
FEMA Public Assistance, HUD CDBG-DR, USEPA, USDA, and the Government of Puerto
Rico.
Specific federal programs of interest include USEPA’s Cooperative Agreement: Training
and Technical Assistance to Improve Water Quality and Enable Small Public Water Systems to
Provide Safe Drinking Water; USEPA’s Drinking Water State Revolving Fund; and USDA’s
Rural Development programs. Additionally, recurring funding from operator revenue is a
potential funding mechanism.
Potential Implementers
Non-PRASA systems, Puerto Rico Public Service Commission, NGOs, USEPA, PRDOH
Potential Pitfalls
Because this COA involves a vulnerable population with minimal adaptive capacity, it is
highly dependent on establishing a functioning, sustainable association for the non-PRASA
system operators and establishing an effective governance system among the communities served.
Likely Precursors
COA WTR 15, for improving reliability and safety of non-PRASA systems, is a relevant
precursors, regardless of the level of implementation.
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WTR 17
Reduce Incidence of Raw Sewage Exposure
Sector Impacted
Water
Issue/Problem Being Solved
This COA would reduce sewage discharges and overflows into surface and groundwater
resources or homes and urban areas from decentralized individual wastewater systems. A
substantial cause of public health and environmental problems in watersheds in Puerto Rico is
Individual Household Wastewater Disposal Systems (IHWDS) that fail to prevent raw sewage
from entering into populated areas and water sources. IHWDS, which are not connected to
PRASA sewerage, serve approximately 41% of the population overall and 65% of the population
in rural areas in the vicinity of water sources.1 Lack of enforcement of building codes and lack of
compliance with discharge regulations have led to a situation in which all IHWDS have
overland runoff, at least 50% of IHWDS are incapable of functioning to prevent raw sewage
contamination, and 5% of IHWDS directly discharge raw sewage.2
Description
This COA identifies and prioritizes areas most at risk for public health and environmental
problems related to raw sewage exposure. It further aims to reduce raw sewage exposure through
regulatory and capacity building actions and replacement and repair programs for IHWDS and
commercial property on-site wastewater treatment systems.
To implement this COA, an existing agency or a new institution will be equipped with
technical capacity and regulatory authority to enforce on-site wastewater treatment system design
standards through permitting, routine periodic assessment, and imposition of fines and/or
compliance incentives to limit illegal discharges of raw sewage. This regulatory body will
collaborate with governmental and nongovernmental entities including the Office of Permit
Management (OGPe) and the Office of Inspector General of Permits (OIGPe), USEPA, the
PRDOH, PREQB, and NGOs to improve IHWDS and on-site wastewater treatment system
operation and servicing practices to avoid raw sewage contamination.
An inventory of IHWDS and commercial on-site wastewater treatment systems will identify
priority areas for interventions to prevent watershed contamination and population environmental
1

Puerto Rico Watershed Stewardship Program, Final Report Phase III, November 2011.

2

Puerto Rico Watershed Stewardship Program, Final Report Phase II, November 2008.
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exposure to harmful bacteria. In priority areas, upstream of drinking water sources, where
watershed and population risk exposure are high, the regulatory authority will enforce remedial
action to reduce raw sewage discharges and overflows. In parallel to regulatory action,
collaboration with NGOs will deliver community outreach and education and homeowner
assistance for improving the operation of IHWDS, including support for microloan and individual
household and community grant and loan applications for improvement of IHWDS and on-site
wastewater treatment systems. Without access to financing mechanisms, homeowners will have
very limited incentive to invest in improving IHWDS because of the ubiquity of insufficient onsite wastewater treatment systems and overflows. In pilot programs implemented by the
Watershed Stewardship Program, voluntary measures to reduce illegal raw sewage discharges
were found to be largely ineffective, even where costs were fully subsidized by municipalities,3
therefore a combination of household and community support and regulatory action will be taken.
Long-term regulatory strategies could include enforcement of a requirement to inspect on-site
systems upon the sale of a property, with responsibility for replacement for defective systems
assigned to the owner.
The likely timescale to see benefits is more than 5 years. While activities will begin
to reduce raw sewage exposure within 5 years, this is a long-term COA that should be
institutionalized across Puerto Rico in all areas without PRASA sewerage. Priority areas will be
identified by conducting Determination of Groundwater Under Direct Influence evaluations4 in
populated areas in watersheds that supply water for drinking and recreational use.
Potential Benefits
The potential benefits of this COA are reduced exposure to harmful bacteria in raw sewage
and ensuing health risks, and improved community and environmental stewardship. This COA
will mitigate the widespread problem of raw sewage overflows and direct discharges from
IHWDS and on-site wastewater treatment systems; it will also improve mechanisms to limit
expansion of the problem in new construction of household and commercial property with on-site
wastewater treatment tanks in areas not served by PRASA sewerage. Reducing raw sewage
discharge and overflows will reduce the risk of water source contamination and contamination of
piped water networks for drinking water systems.
Potential Spillover Impacts to Other Sectors
This COA impacts the Housing sector through improvement of substandard IHWDS. This
COA has positive spillover impacts on HSS through the reduction of waterborne diseases. This
3

Puerto Rico Watershed Stewardship Program, November 2011.

4

Puerto Rico Department of Health, 2015.
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COA has positive spillover impacts on NCR through improved compliance with environmental
laws for watershed protection and waste disposal. Raw sewage presents a major health risk for
gastrointestinal infections, even very small quantities of raw sewage can extensively distribute
pathogens in waterways.5
Potential Costs
This COA offers implementation pathways for regulatory action, capacity building, and
provision of financing mechanisms to homeowners and commercial properties in areas that are
not served by PRASA sewerage. We provide 3 different costing scenarios—Basic, Transitional,
and Transformational. These costing scenarios align with the Puerto Rico Watershed Stewardship
Program and USEPA and PRDOH responses to the program’s final recommendations. Costs
range from $11.8 million for an 11-year implementation of increasing regulatory capacity to
$1.812 billion for capital costs to replace or retrofit an estimated 600,000 wastewater systems.
The recovery plan included the cost of the Transformational scenario.
Potential upfront costs: $1.801 billion in estimated upfront costs
Potential recurring costs: $11 million in estimated total recurring costs (over 11 years)
Potential total costs: $1.812 billion in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.21.
Conducting an inventory with ongoing inspections and enforcement of IHWDS and on-site
wastewater treatment systems will require $500,000 upfront (as estimated by PRDOH to equip an
existing regulatory authority, exclusive of ongoing expenses) and $600,000 annually, factoring in
6 full-time employees at $62,500 per person ($375,000/year) over 11 years and $15,000 per
watershed for annual implementation costs in 15 watersheds ($225,000/year).6 This results in a
total cost over 11 years of $7.1 million.
Education and training programs delivered by government and NGOs, and assistance with
microloans and other financial assistance for septic repair and replacement, will require $300,000
upfront to produce education and promotion campaigns and materials, 4 full-time employees at
$62,500 per person ($250,000/year), and $10,000 per priority watershed for implementation costs
for 15 watersheds ($150,000/year). This results in a total cost over 11 years of $4.7 million.
Replacing IHWDS and on-site wastewater treatment systems that are incapable of
functioning to prevent raw sewage contamination is estimated to cost $5,000/system, of which

5

D. Mara, J. Lane, B. Scott, and D. Trouba, “Sanitation and Health,” PLoS Medicine, Vol. 7, No. 11, 2010.

6

This cost estimate aligns with the PRDOH response to the Watershed Stewardship Program, as included in Puerto
Rico Watershed Stewardship Program, November 2011.
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Table A.21. Cost Scenario Description for WTR 17
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Build a regulatory authority to conduct inventory and ongoing
inspections and enforce regulations
Microloan program to assist homeowners with septic repair and
replacement

$12

Transitional

Develop capacity and collaboration among practitioners to increase
awareness and compliance
Replace 13,191 priority IHWDS and on-site wastewater treatment
systems upstream of drinking water sources

$77

Transformational

Replace or improve IHWDS and on-site wastewater treatment systems

$1,812

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.	
  

there are 300,000.7 Retrofitting IHWDS and commercial on-site wastewater treatment systems
that routinely overflow with water conservation, gray-water diversion mechanisms, and other
repairs is estimated to cost $1,000/system for 300,000 systems. The Transitional scenario assumes
$65,955,000 is invested in replacing 13,191 priority septic systems in Puerto Rico, specifically
those systems within one mile of drinking water reservoirs. Meanwhile, the Transformational
scenario assumes replacement of 300,000 IHWDS systems and the repair of 300,000 IHDWS
systems at a cost of $1.8 million.
Potential Funding Mechanism
Various sources of funding could support the implementation of this COA. They include	
  
CDBG-DR, USEPA, USDA, and homeowners.
Specific federal programs include USEPA’s CWSRF, USDA’s water and waste disposal
programs, and the Economic Development Administration EDA-2018-Disaster grant.
Implementation of the Puerto Rico Watershed Program and the recommended Compliance

7

Replacement cost is based on figures provided in the Puerto Rico Watershed Stewardship Program, Final Report
Phase II (November 2008), which estimates that there are 600,000 rural IHWDS and on-site wastewater treatment
systems and states that approximately 50% of IHWDS are incapable of preventing raw sewage contamination.
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Assistance Program would establish IHWDS user fees of $2/month/ home and is estimated to
generate $10 million per year.8
Potential Implementers
USEPA, OGPe, OIGPe, PREQB, NGOs
Potential Pitfalls
This COA is dependent on the role and responsibilities of the IHWDS and commercial onsite wastewater treatment system inspectors and their ability to deter the population from
continuing to dump raw sewage through regulatory action, including enforcement of citations and
fines. Investment in infrastructure improvement will not result in reduction of raw sewage
exposure in the absence of effective regulation and the public’s willingness to comply.
Likely Precursors
Relevant Water Sector precursors:
WTR 18
WTR 27

Invest in Stormwater System Management
Protect and Rehabilitate Groundwater Systems

Precursor WTR 18, Invest in Stormwater System Management, includes asset mapping and
IDDE, which will inform the inventory of IHWDS on-site wastewater treatment systems and
support identification of priority areas. Precursor WTR 27, Protect and Rehabilitate Groundwater
Systems, includes groundwater modeling, which is a precursor for conducting impacted
groundwater evaluations to identify priority areas.
Standards for on-site wastewater treatment system design and construction and operation
will need to be universally available in Spanish language appropriate for the target audience. The
permitting authority will need to operate in a transparent manner such that homeowners and
developers understand the benefits of compliance, the consequences of noncompliance. The
process of permitting and remedial action following citations will need to be timely as not to
inhibit rebuilding and new development. There must be willingness in the population to
participate in education and outreach programs.

8

Puerto Rico Watershed Stewardship Program, November 2011.
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WTR 18
Invest in Stormwater System Management
Sector Impacted
Water
Issue/Problem Being Solved
Stormwater systems in municipalities require regular, preventive maintenance to clear
blockages that reduce performance, as well as monitoring to allow early identification of
problems. Debris and blockages in the systems have led to urban nuisance flooding and
impairments in receiving waters because of contaminated urban stormwater runoff. These issues
were exacerbated by Hurricanes Irma and Maria. Flood control pumping stations that are
interconnected to stormwater infrastructure also suffer from maintenance, capacity, and energy
reliability issues that worsen urban flooding. No comprehensive assessment of stormwater
systems across Puerto Rico has been completed to fully understand the scope of challenges these
systems are facing.
Damage assessments of MS4s following Hurricanes Irma and Maria found that in many of
the municipalities interviewed, lack of data, monitoring, and maintenance has contributed to
regular urban flooding and a slow recovery and cleanup of stormwater systems after the
hurricanes. Some municipalities, such as Arecibo, do have digital records and have already hired
contractors to perform post-hurricane cleaning to remove debris and blockages. The majority of
municipalities, however, still lack comprehensive assessments of damages and the conditions of
their systems. Further, a legacy of a lack of maintenance and oversight of Puerto Rico’s
stormwater systems among most municipal and nonmunicipal systems, in addition to outdated or
insufficient cleaning equipment, has led to regular clogging and blockages. Outdated, incomplete,
or nondigital stormwater maps and unknown or illegal wastewater connections complicate system
operations and degrade the quality of receiving waters. The prevalence of undersized systems also
contributes to regular urban nuisance flooding, but more information is needed to determine
precise capacity requirements.
Description
This COA invests in stormwater system cleaning, monitoring, maintenance, planning, and
assessment including comprehensive and routine asset mapping, hydrologic and hydraulic
analyses, IDDE program expansion, education and technical assistance, assessment of system
capacity and condition, the removal of debris and blockages, the development and implementation
of a stormwater mitigation program, and inventory management of parts and equipment. The
maintenance components of this program are intended to cover regular maintenance.
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The most immediate need for implementation is stormwater system cleaning, which should
be completed before the beginning of each hurricane season to improve the capacity and
performance of stormwater systems. In the medium term, an initial island-wide stormwater
system assessment should be performed to identify key repairs and cleaning and maintenance
investments. This review should also identify and centralize existing planned stormwater
infrastructure improvement projects. Other components of the assessment should include the
collection of information on cleaning and maintenance cost estimates of manpower and time. At
the MS4 level, hydrologic and hydraulic analyses of systems should be performed to understand
system needs and capacities. In the medium term, actions should include the development of asset
management programs for stormwater systems that include routine inspections and clearance,
management of parts and equipment, and regular maintenance programs. At the MS4 level,
operators should prepare and follow a prioritized schedule of cleaning and maintenance activities
and develop SOPs for waste material disposal resulting from the cleanups of the stormwater
collection systems (which includes transportation logistics, sampling procedures, and quality
assurance and quality control).
The likely timescale to see benefits is 2 years. Cleaning and repair efforts should be
implemented in the short term in preparation for the next hurricane season. In the long term,
MS4 operators should maintain regular cleaning and maintenance activities to mitigate urban
flooding for chronic and extreme precipitation events. These actions should be undertaken at all
municipal and nonmunicipal MS4, including those that do not qualify as MS4 systems within
urban areas.
Potential Benefits
Benefits include reduced risk of flooding and flood damage; reduced risk of sewage
overflows; reduction in human contact with contaminated stormwater, sewage, and other
waterborne diseases; and improvements in surface water quality. Financial benefits include
reduced federal and Puerto Rico agency expenditures to safeguard the public before and after
flood events; reduced household and business expenditures associated with structural and
nonstructural loses after flood events; and reduced flood insurance claims.
Potential Spillover Impacts to Other Sectors
There are potential benefits for NCR, HSS, and Municipalities. Budgets in municipalities
are likely constrained, and this COA may be weighed against other options to improve
infrastructure and community resilience to extreme rainfall events.
Potential Costs
Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational.
These costing scenarios correspond with the water sector COA portfolios constructed in the
HSOAC DST.
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The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $121 million in estimated up-front costs
Potential recurring costs: $297.7 million in estimated total recurring costs (over 11 years)
Potential total costs: $418.7 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.22.
Table A.22. Cost Scenario Description for WTR 18
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Stormwater system cleaning and restoration of drainage capacity

$127

Transitional

Assessment of system capacity and condition with comprehensive
and routine asset mapping and hydrologic and hydraulic analyses
Maintenance, asset management, and management of parts and
equipment

$393

Transformational

IDDE program expansion

$419

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient
to address hurricane damage as well as the chronic challenges in water and wastewater management. In addition,
investments are made in incremental improvements in infrastructure and service delivery as well as capacity
building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Procurement of cleaning and maintenance equipment—if each vacuum truck costs
approximately $350,000—is a one-time expenditure of $35 million. The estimate for total annual
expenditures concerning manpower is $6.4 million (100 employees at $24,000/year and
200 employees at $20,000/year). The estimated annual recurrent cost for fuel is $1 million. The
annual repairs and maintenance costs are estimates at $1 million. The estimated cost of hydrologic
and hydraulic analysis to assess system capacity and condition are $500,000 per system. To assess
all of Puerto Rico’s permitted MS4 systems, the estimated cost would be $44.5 million. Instituting
ongoing maintenance, asset, and inventory management is estimated at $382,000 initially and
$191,000 annually, on average, per system. If this is implemented across Puerto Rico, the costs
of ongoing maintenance and asset and inventory management are $34 million upfront and
$17 million annually. Annual expenses for expanding IDDE programs—starting in priority areas
of Cabo Rojo, Solimar, Costa Azul, Sandy Hills, Luquillo Mar, Luquillo Lomas, Villa Angelina,
Los Cocos, Playa Fortuna, Las Croabas, Fajardo Gardens, Monte Brisas, and Vistas del Convento
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and then expanding across Puerto Rico, as prioritized and indicated by NOAA—totals
$1.66 million annually. Although these are areas that NOAA identifies as areas of concern,
additional criteria are needed to help establish priorities in flood-prone zones. Elimination of
illegal commercial and residential sewage discharges into the stormwater system in the San Juan
Bay Estuary is estimated at $7.5 million.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include	
  
FEMA Public Assistance and Hazard Mitigation Grant Program, HUD CDBG-DR, USEPA, and
USDA. Specific federal programs include USEPA’s CWSRF and USDA’s Rural Development
programs.
Potential Implementers
The entities that could support the implementation of this COA include Municipalities,
DNER, PRASA, USEPA, USGS, Puerto Rico Planning Board, OGPe, NOAA, PREQB, DTOP,
private industry, and NGOs.
Additional implementers for the COA include all municipal and nonmunicipal
MS4 operators, including those that do not qualify as MS4 systems within urbanized areas.
Potential Pitfalls
Regular maintenance programs require a trained workforce of stormwater practitioners.
The accuracy of assessments of stormwater systems depends on the hydrologic guidelines used
in performing assessments. Assessments of stormwater system capacity depend on the
magnitude and frequency of both chronic and extreme precipitation events, which may be
exacerbated by climate change, as well as current land uses and future development and changes
to land use.
The lack of financial resources for operating and maintaining stormwater systems is a
significant factor that impacts the long-term viability of this COA. Poor funding for stormwater
management has contributed to the deterioration of systems and exacerbated urban flooding.
Ensuring the availability of funds for long-term maintenance costs will allow municipalities to
maintain new equipment, adhere to maintenance schedules, and hire a dedicated workforce. To
determine the appropriate amount of maintenance funding, an assessment of long-term costs
should be conducted.
Likely Precursors
Implementation of this COA require adequate and continuous funding, a timely bidding
process for vacuum truck purchases, and the timely hiring of private contractors for the initial
stages of implementation. In the longer term, training of workforce and workforce availability is
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an important precursor for maintenance and asset management programs. The proposed fees in
centralize stormwater systems support and management could be an avenue for continuous
funding for stormwater management activities.
Another precursor is WTR 21, Centralize Stormwater System Support and Management.
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WTR 19
Reduce Urban Nuisance Flooding
Sectors Impacted
Water, NCR, Municipalities
Issue/Problem Being Solved
Urban nuisance flooding is frequent in many parts of Puerto Rico, and the poor quality of
urban stormwater runoff contributes to surface water and coastal degradation, has negative
impacts on human health, and damages roadways and other critical infrastructure. Traditional
stormwater systems in Puerto Rico have relied on extensive stormwater conveyance infrastructure
that is expensive to maintain and build and lacks treatment.
The estimated stormwater sewer system damages resulting from Hurricanes Irma and Maria
in Puerto Rico amounts to more than $215 million, or an average of approximately $5,300 per
damaged acre, for 51 of Puerto Rico’s 78 municipalities. Of these 51 systems, a total of 36,741
acres experienced atypical flooding, 17 flood control pump stations were damaged, and 360 pipe
collapse incidents occurred. Municipalities have reported that system capacity is often undersized
for the quantity and frequency of rainfall events, and when combined with damages and debris,
will likely continue to underperform in heavy precipitation events. Pump station operators had
insufficient communications capability and no contingency measures in place to manage failures
such as infrastructure damage from debris, high throughput, and power grid instability, resulting
in flooding.
Description
This COA reduces urban nuisance flooding, curb erosion, and sedimentation. It mitigates
the discharge of contaminated stormwater runoff into surface water bodies by improving
stormwater infrastructure design standards and incorporating structural retrofits to catch, store,
and infiltrate stormwater runoff. It also includes recommendations for enhancing stormwater
permitting processes and land-use regulations to implement green infrastructure, rightsizing
system capacity including conveyances and all connected flood control pump stations, instituting
incentive programs for stormwater retention, and implementing public outreach and education
programs and campaigns.
Implementation of this COA will require collaboration and coordination among a number of
agencies, including municipalities, DNER, PRASA, USEPA, USGS, Puerto Rico Planning Board,
OGPe, NOAA, PREQB, DTOP, as well as private industry and NGOs. Because of the magnitude
of impacts to stormwater systems from Hurricanes Irma and Maria, repairing storm damages is an
initial priority of this COA. In the medium term, improving stormwater infrastructure design
standards should prioritize the development of a streamlined stormwater permitting processes and
enforcement of land-use regulations to implement green infrastructure and mitigate expansion of
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pervious areas in highly flood-prone regions. In addition, implementing public outreach and
education programs and campaigns could be targeted at (i) lessening the burden on stormwater
collection systems from illegal dumping and trash and (ii) mitigating barriers and perceptions to
green infrastructure implementation and maintenance. In the longer term, actions should be
geared toward rightsizing system capacity, including conveyances and flood control pump
stations, instituting incentive programs for stormwater retention, and enhancing structural retrofits
to catch, store, and infiltrate stormwater runoff. Infrastructure siting, design, and construction
depend on thorough and accurate assessments and hydrologic and hydraulic analyses of systems
(see Likely Precursors below and WTR 18, Invest in Stormwater System Management). These
studies would provide the foundation for determining the infrastructure type and capacity
requirements, as well as inform decisionmaking on the feasibility of both gray and green
infrastructure options. The decisionmaking process should also consider the cost-benefit of
analyses of gray and green infrastructure and potential reductions in other infrastructure that
exacerbate urban flooding. Infrastructure should then be designed, contracted, and constructed.
Design and replacement of flood control pump stations, if appropriate, should follow analyses in
WTR 18. Identifying mitigation actions needed to reduce risk of future storm-related damages
should take into account life-cycle considerations, including operations and maintenance
practices, and include contingency plans and measures for managing storm-related damages and
large-scale power outages. The likely timescale to see benefits is 2 years.
Potential Benefits
The principal benefits are improvements in water and environmental quality and human
health that come from reducing urban flooding and runoff,1 and the reduction of damages to
public and private property from urban flood events. Incentivizing green infrastructure would
provide additional benefits of minimizing the amount of effluent at the outlet of stormwater
systems and improving the quality of effluent.2 Green infrastructure can also lower capital costs.3
The deployment of green infrastructure and affiliated management and maintenance
programs within Puerto Rico’s 89 permitted stormwater systems and across 78 municipalities
would exploit natural systems to attenuate urban flooding and reduce pollutant loading in urban
runoff, which is designated as the primary driver of surface water quality degradation in 106 of
Puerto Rico’s officially impaired surface water systems. Green infrastructure achieves water
resource management objectives with fewer ecosystem externalities than gray infrastructure.
Incentivizing green infrastructure would begin a transition to a green economy and deliver long1

K. Tzoulas et al., “Promoting Ecosystem and Human Health in Urban Areas Using Green Infrastructure: A
Literature Review,” Landscape and Urban Planning, Vol. 81, No. 3, 2007, pp. 167–178.

2

U.S. Environmental Protection Agency, “Benefits of Green Infrastructure,” webpage, 2018b.

3

U.S. Environmental Protection Agency, 2018b.
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term sustainable growth, provide recreational opportunities to citizens and improve quality of life,
bring aesthetic benefits from an ecological revival, and build more resilient communities. For
flood control pump stations, greater flood control capacity and reliability can protect human
health and critical infrastructure such as the San Juan airport and residential areas with a total
population of over 275,000 residents. Further, this can reduce inflow to the street sanitary system
and overloading of the system’s capacity, including the cross-contamination with stormwater.
Potential Spillover Impacts to Other Sectors
Reduction in urban flooding has a number of spillover impacts, most notably to
Municipalities, NCR, and HSS.
Potential Costs
Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational.
These costing scenarios correspond with the water sector COA portfolios constructed in the
HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $964.2 million in estimated up-front costs
Potential recurring costs: $40.7 million in estimated total recurring costs (over 11 years)
Potential total costs: $1.005 billion in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.23.
The costs to repair storm damages to Puerto Rico’s stormwater systems, for 51 of 89
permitted MS4 systems, is estimated at $215,844,000, according to a study performed by Arcadis.
If this is extrapolated to all 89 permitted systems, the estimated repair costs for stormwater systems
is $376.5 million. The cost to design and draft new stormwater design standards is estimated at
$400,000, based on a recent expenditure of FEMA’s Hazard Mitigation program for a similar
purpose. Educational programs and campaigns for the public and training programs for stormwater
practitioners are estimated at $90,000 per locality and $225,000 per year. If educational programs
occur at one-third of municipalities annually, the annual workforce training and public outreach
programming for stormwater management will cost $2.6 million per year. Infrastructure design,
retrofitting, and construction costs for a mix of gray and green infrastructure that transforms Puerto
Rico’s stormwater system to capture higher-intensity and frequent rainfall events are estimated
at $36.6 million for green infrastructure projects and $300.71 million for gray infrastructure
projects and upgrades in system capacity. Green infrastructure costs are based on a series of
estimated costs4—Hydroseeding, Sediment Traps, Vegetated Swales, Regrading, Vetiver grass:
4

Cost estimates provided by NOAA based on comparable pilot projects in Puerto Rico. National Oceanic and
Atmospheric Administration, “A Guide to Assessing Green Infrastructure Costs and Benefits for Flood Reduction,”
May 2015.
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Table A.23. Cost Scenario Description for WTR 19
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Repairing storm damages

$377

Transitional

Improving stormwater infrastructure design standards
(including enhancing stormwater permitting processes and
land-use regulations to implement green infrastructure) and
implementing public outreach and education programs and
campaigns

$406

Transformational

Rightsizing system capacity including conveyances and flood
control pump stations; instituting incentive programs for
stormwater retention; enhancing structural retrofits to catch,
store, and infiltrate stormwater runoff

$1,005

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a
focus on addressing critical failures in the system caused by storm damage as well as investments needed
to achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

$170,000 to $610,000; Bioretention, Stormwater Wetlands: $130,000 to $970,000; Raingardens
and Bioswales: $90,000 to $250,000. Gray infrastructure costs are based on a per acre cost of
$4,690 for generic system repair or replacement, applied to 64,000 acres of estimated zones of
frequent urban flooding in Puerto Rico. DNER has estimated that it will take approximately $32
million to bring three stations—Baldorioty de Castro Pump Station, De Diego Pump Station, and
Stop #18 Pump Station—up to date. Using these costs as a basis for pump station repair or
replacement, this is extrapolated to 14 flood control pump stations across Puerto Rico, which
constitutes about one-half of the known flood control pump stations. The estimated cost of pump
station repairs and upgrades is $250 million. Enhanced monitoring and maintenance of flood
control pump stations is estimated at $92,936 per flood control pump station per year. If this is
extrapolated to half of Puerto Rico’s flood control pump stations, the total comes to
approximately $1.1 million per year. These costs do not include green infrastructure deployment
for the 4 priority watersheds (Arecibo, Northeast Corridor, Cabo Rojo, and Guanica) and sensitive
coastal zones noted in NCR 14 Water Quality. It is anticipated that NCR 14 will prioritize green
infrastructure for water quality improvements in these regions.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They
include the	
  USEPA, FEMA Hazard Mitigation Grant Program, USDA, Government of Puerto
Rico, DNER.
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Specifically, FEMA Hazard Mitigation grants could update stormwater management
regulations, and DNER funds could fund permitting and land-use evaluation costs. If capital costs
are necessary for implementation of green or gray infrastructure, other mechanisms are available
such as the USEPA CWSRF, Water Infrastructure Finance and Innovation Act loans and loan
guarantees, and the USDA’s water and waste disposal programs.
Potential Implementers
Municipalities, DNER, PRASA, USEPA, USGS, Puerto Rico Planning Board, OGPe,
NOAA, PREQB, DTOP, private industry, and NGOs
Potential Pitfalls
The performance of stormwater infrastructure is highly sensitive to regular maintenance. If
municipalities struggle with resources for maintenance, there is a risk that green infrastructure can
become ineffective. If regulations and enforcement of water quality and stormwater regulations
change, green infrastructure may no longer be practical. Coordination between municipalities may
be required to implement stormwater system standards. Investments in these systems will also
need to be a priority of these local governments. If Puerto Rico begins to experience more intense
and frequent rainfall events, greater deployment of both green and gray infrastructure may be
necessary. While likely not as resource-intensive as repairing Puerto Rico’s flood control
infrastructure, stormwater improvement efforts will be constrained by the economic health of the
municipalities. Green and gray infrastructure can mitigate urban nuisance flooding that is the
result of increased development and higher percentages of impervious surfaces in the urban
landscape. If cities retract or grow, the percent of pervious and impervious surfaces may change
and change urban hydrology and impact the effectiveness of both types of infrastructure.
Likely Precursors
WTR 18

Invest in Stormwater System Management

WTR 21

Centralize Stormwater System Support and Management

The assessments and hydrologic and hydraulic analyses in WTR 18 are a necessary
precursor for any infrastructure repairs, upgrades, or deployments across the urban landscape.
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WTR 20
Relocate or Redesign Assets in Flood Zones
Sector Impacted
Water
Issue/Problem Being Solved
Many of Puerto Rico’s water infrastructure assets currently located in flood zones are at risk
of repeated damage and service interruptions, which will worsen as climate change increases the
intensity and frequency of flood events.
Infrastructure assets that are aged and degraded are more vulnerable to flood events. While
the typical design life of a WWTP is 50 years, it is possible to extend the useful life beyond that
period of time.1 A WWTP rebuilt in the floodplain according to updated hydrologic and hydraulic
analyses could still remain highly vulnerable to future floods if changing flood conditions are not
considered. Inaccurate and outdated flood maps and hydrologic guidelines expose communities to
greater than anticipated flood risks, and the American taxpayer to greater disaster relief costs as a
result. If flood maps are inaccurate or outdated, communities may make development decisions
that puts infrastructure and residences at a greater risk of flooding. FEMA’s flood maps determine
the extent of the 100-year and 500-year floodplain based on hydrologic and hydraulic modeling of
historical hydrologic conditions, but they do not account for future conditions. However, factors
like the rising sea level and increased intensity and frequency of precipitation events are altering
flood risks. Sea level could rise between 1 and 3 feet by 2100, and heavy rainstorm events are
expected to increase.2
Description
This COA relocates or redesigns coastal and littoral assets in flood zones according to
building standards and based on hydrologic guidelines. These guidelines incorporate both
updated hydrology and future flood conditions, to reduce the likelihood of service disruption or
infrastructure failure. Updated hydrologic and hydraulic guidelines and floodplain boundaries
should be based on forward-looking analyses that include an assessment of the impacts of sealevel rise, the increased magnitude and frequency of extreme precipitation events, and land-use
changes.
1

American Society of Civil Engineers, “Failure to Act: The Economic Impact of Current Investment Trends in
Water and Wastewater Infrastructure,” Reston, Va.: ASCE, 2011.
2

U.S. Environmental Protection Agency, “What Climate Change Means for Puerto Rico,” EPA 430-F-16-063,
2016b.
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Water infrastructure assets that lay in floodplains are owned and operated by multiple
entities across Puerto Rico, including PRASA, PREPA, DNER, Municipalities, as well as DTOP
and non-PRASA operators, among others. FEMA will play a critical role in updated floodplain
boundaries.
Initial analyses will be performed (i) to determine which critical assets lay in current or
future flood zones that are vulnerable to damage or service interruption and (ii) to identify
alternative sites for assets and facilities. This process should also include a cost-benefit analysis of
asset relocation versus a redesign to updated standards. To ensure the reconstruction and repair of
assets are rebuilt to a higher standard, Puerto Rico should design and adopt new building codes
and design specifications that include consideration of future flood risk. Building standards should
include a higher margin of safety above the updated floodplain boundaries.3 The Federal Flood
Risk Management Standard provides a useful framework.4 The likely timescale to see benefits is
2 to 5 years for the assessment, design, and implementation of relocation efforts.
Potential Benefits
The rebuilding or relocation of critical water infrastructure assets would decrease flood risk
and increase water sector resilience to future disasters through avoidance of asset inundation,
damage, and service interruption. The redesign of assets based on updated hydrology and
relocation following updated flood maps that consider climate change would ensure that the
investments made during recovery perform under changing conditions.
Precedent exists for guiding rebuilding efforts with updated hydrologic analyses. FEMA’s
response post-Hurricane Sandy serves as precedent for issuing advisory flood maps for stormimpacted communities. Before Hurricane Sandy struck, the region’s flood maps were based on a
Flood Insurance Study that had last been updated in 1983. After the storm, FEMA issued advisory
flood maps for many New York and New Jersey coastal counties. The maps provided a revised
height for the base flood elevation, including storm surge and wave impacts of coastal flood
hazards, which serves as a guide for rebuilding efforts. Similar advisory flood maps were
created in the aftermath of Hurricanes Katrina and Wilma. FEMA flood maps currently under
development for New York City will account for the risk of sea-level rise and coastal storm
surge. These maps will help the city to determine where to build, which in turn will help to protect
people and property from future flood disasters and thus reduce the burden to the federal
government regarding future disaster damage costs.
3

There are three primary methods by which a community’s flood hazard maps are updated. “The first is through a
FEMA-initiated study or restudy of flood hazards and subsequent revision of the National Flood Insurance Program
(NFIP) flood maps. The second method is through a community-initiated revision under Part 65 of the NFIP
regulations, and the third is through FEMA’s Cooperating Technical Partners (CTP) initiative,” according to Federal
Emergency Management Agency, “Flood Map Revisions Process,” webpage, 2019.
4

Federal Emergency Management Agency, “Federal Flood Risk Management Standard,” 2015.
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Potential Spillover Impacts to Other Sectors
The redesign and relocation of water infrastructure assets would have spillover impacts in
the Energy, NCR, and Economy sectors.
Potential Costs
Costs will vary considerably depending on the scale of relocation versus redesign of
infrastructure. Here, we provide 3 different costing scenarios—Basic, Transitional, and
Transformational. These costing scenarios correspond with the water sector COA portfolios
constructed in the HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $1.183 billion in estimated up-front costs
Potential recurring costs: Not applicable
Potential total costs: $1.183 billion in total estimated cost
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.24.
Table A.24. Cost Scenario Description for WTR 20
Costing
Scenario

Additive Levels
of Implementation

Basic

Flood maps and hydrologic guidelines that incorporate future
conditions
Assessments of flood risk of water assets
Relocation and consolidation of high-flood-risk PRASA WWTP

Transitional

Relocation or redesign of critical assets

Transformational

Relocation or redesign of assets

Cost Estimate
(Millions)
$278

$433
$1,183

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient
to address hurricane damage as well as the chronic challenges in water and wastewater management. In
addition, investments are made in incremental improvements in infrastructure and service delivery as well as
capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.	
  

The incorporation of downscaled climate model precipitation estimates into recently
updated flood risk maps is estimated at $1 million for a comprehensive, Puerto Rico–wide update.
Assessments of the flood risk of all water sector assets, including PRASA, non-PRASA, and
critical stormwater and flood control pump stations, and an accompanying analysis of the value of
hardening and redesigning or relocating each asset is estimated at $500,000. Build Back Better
and PRASA’s New Fiscal Plan also estimate the redesign, relocation, and consolidation of the
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Dorado, Toa Alta, Vega Alta, and Vega Baja WWTPs out of the flood zone at $276.6 million.
The expense of hardening assets, according to Build Back Better’s unit cost of $15 million per
facility and estimated at half of PRASA’s drinking WTPs and WWTPs, totals $154.5 million.
Additional flood resilience and protection can be gained from floodplain buyouts. Hurricane
Sandy buyouts totaled $750 million.5
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include the
FEMA	
  Hazard Mitigation Grant Program, HUD CDBG-DR, DOC EDA, and USDA.
A portion of relocation costs would likely be eligible for grants from FEMA’s Hazard
Mitigation and Flood Mitigation assistance programs. Other large capital costs that are not
covered be FEMA could be eligible for disaster recovery funds from Community Development
Block Grants, the Economic Development Administration, or USDA Rural Development
programs.
Potential Implementers
PRASA, PREPA, DNER, Municipalities, DTOP, non-PRASA systems, FEMA
Potential Pitfalls
This COA will require a highly coordinated effort among government of Puerto Rico and
federal agencies. The cost-effectiveness of this COA will depend on the projected magnitude and
frequency of future flood risks and the expected lifespan and value of at-risk assets.
Hydrologic and hydraulic analyses, updated floodplains, and hydrologic guidelines will be
limited in usefulness if future conditions, such as the increased magnitude and frequency of both
chronic and extreme precipitation events, are not considered.
Likely Precursors
Precursors include hydrologic and hydraulic analyses that incorporate a downscaled climate
model to delineate future floodplains, and analyses to determine a set of feasible relocation sites
and appropriate rebuilding standards.

5

Robert Freudenberg, Ellis Calvin, Laura Tolkoff, and Dare Brawley, Buy-in for Buyouts: The Case for Managed
Retreat from Flood Zones, Policy Focus Report, Cambridge, Mass.: Lincoln Land Institute, 2016.
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WTR 21
Centralize Stormwater System Support and Management
Sectors Impacted
Water, Municipalities
Issue/Problem Being Solved
Responsibilities for stormwater management are divided among Puerto Rico’s
municipalities and nonconventional system operators, creating opportunities for greater
coordination and standardization of practice.
Stormwater infrastructure systems are highly decentralized. Within the municipality of San
Juan, for example, at least 3 different public agencies own separate portions of the stormwater
system: the DNER and DTOP. Further, most municipalities manage stormwater through their
emergency management, transportation, or planning departments, but many municipalities lack
dedicated staff. A legacy of inadequate maintenance and oversight of these systems among most
municipal and nonmunicipal systems has exacerbated urban flooding. While some municipalities
have funded capacity improvements or cleaning and maintenance from their general fund,
poor funding for stormwater management often further compounds efforts to mitigate urban
flooding.
Description
This COA enhances the performance of stormwater systems by centralizing stormwater
management, building a workforce of stormwater practitioners, streamlining permitting processes,
and enhancing technical capacity, community outreach, and best management practices for
stormwater management.
This COA will be implemented by reviewing management processes, identifying best
practices, assessing workforce needs, and developing new protocols and capacities for stormwater
management. An initial step will be the appointment of members to a special commission on
centralizing stormwater management. Commission members will perform analyses and
evaluations of existing programs in Puerto Rico and successful case studies from other locations
to study workforce requirements and capacities, statutes and regulations, and funding available
for stormwater and flood control management. The commission will issue a report with
recommendations and actions for the centralized stormwater management entity or department.
Once established, the centralized entity will develop and implement regulations and programs,
based on updated hydrologic guidelines and stormwater standards. Depending on the level of and
breadth of centralization, the new entity could elect to execute memorandums of agreement with
owners/operators of the stormwater collection, conveyance, and discharges systems and flood
control assets for maintenance and operations. The entity could also initiate stormwater fees and
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incentive programs for stormwater capture and train a workforce of stormwater operations and
maintenance professionals. The stormwater entity could also elect to promote green infrastructure
by (i) establishing a regulatory framework that requires minimum on-site and off-site stormwater
retention volume for construction of new projects; (ii) establishing a stormwater retention credit
(SRC) program; (iii) establishing an in-lieu fee for new construction; (iv) providing green
infrastructure design guidance and the maintenance obligations for green infrastructure projects.
This is a long-term COA that will take time to implement, as it constitutes a novel
governmental department or entity. It is likely that benefits will be fully realized within 2 to
5 years.
Potential Benefits
This COA could provide numerous benefits. They include enhanced performance of
stormwater systems through improvements in infrastructure, operations and maintenance; reduced
impacts on human health and the environment; expansion of trained workforce for stormwater
management; reduced risk of flooding in urban areas; reduction in urban runoff; and improved
financial sustainability through fee collection.1,2 Community outreach and education is considered
a significant benefit of centralization, both for community members and system operators.3 As
operations improve, disadvantaged communities will experience a reduction in the frequency and
magnitude of flood events.
Another qualitative benefit in the short to medium term is the enhancement of stormwater
management under one entity. The entity’s legal capability and authority will allow
implementation of planned engineering and management structures and the establishment of
policies and best practices. Longer-term benefits include job creation4 and economies of scale in
the management of contracts for cleaning, operation, and maintenance of stormwater systems and
ease of access to financing capital projects.5 Depending on the scale of centralization, this COA
could also include benefits such as the consolidation of budgets, fee collection, human resources,
and other managerial infrastructure.6

1

Alicia Valderrama and Becky Hammer, “Making It Rain: Effective Stormwater Fees Can Create Jobs, Build
Infrastructure, and Drive Investment in Local Communities,” Issue Brief, Natural Resources Defense Council,
April 10, 2018.
2

A. Reese, R. Chandler, and S. Dormody, “Paying for Stormwater—The Benefits of a Utility,” 2015 Green
Infrastructure Webcast Series, August 13, 2015.

3

M. Roberts-Lahti, “Stormwater Utilities: A Funding Solution for New Jersey’s Stormwater Problem,” New Jersey
Future, September 2014.
4

Valderrama and Hammer, April 10, 2018.

5

Horsley Witten Group, “A Model Stormwater Utility for the State of Maine,” Maine State Planning Office, 2005.

6

Horsley Witten Group, 2005.
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Potential Spillover Impacts to Other Sectors
This COA will largely impact municipalities. Currently, much of stormwater system
operations, maintenance, and improvements are funded through the general fund of
municipalities. By centralizing support and management to a separate entity capable of generating
revenue, this COA could free up capital in municipal general funds for other purposes.
Potential Costs
Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational.
These costing scenarios correspond with the water sector COA portfolios constructed in the
HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: Not applicable
Potential recurring costs: $67.7 million in estimated total recurring costs (over 11 years)
Potential total costs: $67.7 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.25.	
  
Table A.25. Cost Scenario Description for WTR 21
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Not implemented

Transitional

Centralizing stormwater management, streamlining permitting
processes, enhancing technical capacity, community outreach, and
best management practices for stormwater management

$46

Transformational

Building a workforce of stormwater practitioners

$68

$0

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient to
address hurricane damage as well as the chronic challenges in water and wastewater management. In addition,
investments are made in incremental improvements in infrastructure and service delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings about
a transformation of the water sector, including large-scale deployment of technology to support system optimization
and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.	
  

Building capacity and workforce is estimated at $2 million per year, for 10 years, or
$20 million. Training programs and community outreach are estimated at $225,000/year and
$90,000 per year per locality, respectively. A Puerto Rico–wide estimate for programming costs,
assuming each locality is engaged every 3 years, is $2.9 million. The cost of streamlining
permitting processes and centralizing stormwater management, assuming no additional office or
overhead costs, is approximately $62,300 per worker per year and would require an initial group
of 20 stormwater professionals. This totals $1.25 million per year.
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Potential Funding Mechanisms
The following sources of funding could support the implementation of this COA:	
  
Government of Puerto Rico, DNER, Municipalities, and USDA.
At the onset, this utility could be established with DNER revenue or the pooling of
municipality general funds. In the long term, this COA will be self-sustaining through revenue
generated by a stormwater fee. In addition, USDA Rural Development programs could provide
potential funding to address stormwater issues in rural areas.
Potential Implementers
The entities that could support the implementation of this COA are	
  municipal governments
and a special commission.
The initial parties involved may include the Governor’s Office and municipalities. When
implemented, a special commission could be appointed by the Governor and tasked with the
development of a draft statute for a centralized stormwater management entity. Key commission
members should include representatives from the private sector, Municipalities, DNER, DTOP,
academia, and the Treasury Department.
Potential Pitfalls
This COA is administrative, focused on integrating planning, management, and technical
assistance. Any changes in the interest, capacity, or resources of governmental entities could lead
to an ineffective stormwater utility. In addition, any changes in the capacity of citizens to pay
stormwater fees could lead to an ineffective stormwater utility. The capacity of stormwater
management could largely by impacted if severe weather becomes more frequent. However,
because this COA is administrative in nature, climate and extreme weather are largely a secondary
impact. Stormwater management and measures can mitigate urban nuisance flooding that is the
result of increased development and higher percentages of impervious surfaces in the urban
landscape. If cities retract or grow, the percent of pervious and impervious surfaces may change
and alter urban hydrology.
Depending on the recommendations of the commission, the legal implications of
centralizing 78 separately owned municipal systems may need to be considered, including
decisionmaking on which actors retain ownership and responsibility for operations and
maintenance, as well as considerations for structuring cost sharing agreements.
Likely Precursors
WTR 18

Invest in Stormwater System Management

WTR 19

Reduce Urban Nuisance Flooding
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WTR 22
Upgrade Reservoir and Dam Safety Management
Sector Impacted
Water
Issue/Problem Being Solved
Most of Puerto Rico’s 36 dams serve multiple purposes, including flood control, water
supply, and hydropower generation, but their operational plans were largely designed to optimize
hydropower generation. An island-wide analysis of dam and reservoir uses could facilitate better
management practices and more optimal operations for multiuse reservoirs and dams. Further,
many of Puerto Rico’s dams are undermaintained and lack a comprehensive dam safety program,
increasing the risk of a dam incident and/or failure. A well-managed and well-funded dam safety
program will allow Puerto Rico to be proactive in addressing risk rather than being reactive and
relying heavily on intervention and flood fighting during emergencies. More risk-informed
operational decisions that also fully consider benefits would support advanced emergency
planning and increased public awareness in high-risk areas, resulting in improved coordination
with stakeholders and emergency responders during a crisis.
Description
This COA upgrades reservoir management rules to improve and optimize operations across
multiple water management objectives, including drinking water supply, flood control, dam
safety, and hydroelectric generation. Additionally, it will ensure that Emergency Action Plans
(EAPs) are updated and exercised annually and that dam performance reports are current.
Implementing agencies will perform a survey of existing dam functions, structural
conditions, and downstream populations and apply operations-optimization techniques to improve
overall management. This should include an assessment of how operations may shift over time
given future population movement and climate, the latter informed by estimates of future
precipitation and maximum flood levels. Risk assessments should be conducted based on
anticipated magnitudes of future precipitation, flood, and seismic events. Dams with higher risks
should be moved into a dam safety modification study and required actions identified to reduce
risk to tolerable levels. Interim Risk Reduction Measures Plans (IRRMPs) for dam safety should
be developed, prepared, and implemented in the short term for higher-risk dams to reduce the
probability and consequences of failure to the maximum extent that it is reasonably practicable
while long-term remedial measures are pursued. After the risk assessment phase, operations and
maintenance best practices (e.g., exercising sluice gates and service spillways to enable optimal
water control management) and multipurpose reservoir operational management should be
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implemented. Additionally, EAPs with inundation maps developed by dam break analyses should
be prepared and implemented and emergency exercises should be performed. Downstream earlywarning systems capable of initiating an evacuation to save hundreds of lives following an
extreme flood or seismic event that causes significant damage to a dam should be installed.
The likely timescale to see benefits is more than 24 months. This COA requires risk
assessments for all dams, starting with the 12 dams identified by the risk assessments performed
by the U.S. Bureau of Reclamation (USBR) in the early 2000s. These should be completed within
the 2 years. Based on these assessments, dams should be prioritized by risk. As a result,
developing and implementing new operational rules and plans across PRASA’s and PREPA’s
dams (generally the most important dams) may be achieved at a more gradual pace to allow for
integration of necessary control systems that optimize both reservoir operations and dam safety
program management.
Potential Benefits
Improved dam safety and operational management of Puerto Rico’s dams would minimize
impacts to any one of the other sectors in the event of future extreme flood and seismic events and
increase resiliency of reservoir water supply.
Potential Spillover Impacts to Other Sectors
The modification of reservoir management rules could deemphasize use in other sectors. For
example, a dam previously optimized for power generation may choose to reduce reservoir levels
to mitigate flood risk.
Potential Costs
Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational.
These costing scenarios correspond with the water sector COA portfolios constructed in the
HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $118 million in estimated up-front costs
Potential recurring costs: $7 million in estimated total recurring costs (over 11 years)
Potential total costs: $125 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.26.
Updating and implementing EAPs is estimated at $4 million upfront and $600,000 annually,
based on a cost of $100,000 per dam for EAPs and $16,000 per dam, per year, to conduct
emergency exercises and coordinate EAPs with stakeholders. The review of operational plans at
all dams and revisions to include prestorm drawdown criteria for flood control and dam safety is
estimated at $2 million, based on $50,000 per dam. The preparation of dam performance reports
for all dams on Puerto Rico and a complete a list of neglected maintenance at each dam is
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Table A.26. Cost Scenario Description for WTR 22
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Update and implement EAPs
Review and update flood control operational plans
Create dam performance reports
Install early-warning system at key dams

$20

Transitional

Update hydrology to quantify hydraulic loading potential
Conduct dam break analyses
Site-specific seismic hazard analyses
Semi-quantitative risk assessment

$96

Transformational

Upgrade reservoir management to improve the balance
among multiple water management objectives
Conduct comprehensive assessments of dams identified
as high risk

$125

NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

estimated at $2.2 million, based on $50,000 per dam and $5,000 per dam for revisions to the
status list of dams. This list will be a living document that serves as the repository for inspections,
risk assessment reports, instrumentation readings, issues and modifications at dams, as-built
drawings, and other important documents. The installation and implementation of early-warning
system at Patillas, Guayabal, Guajataca, Carraízo, and La Plata dams, including risk
communication and public outreach, is estimated as $5 million and $5,000 annually, based on
$1 million per dam for installation and $1,000 annually per dam for maintenance. Early-warning
system implementation cost is based on a 2016 proposal developed in partnership between
PREPA and UPR-Mayagüez. All other costs are rough order of magnitude (ROM) estimates
based on similar studies routinely completed by USACE. The cost of updating hydrology at all
dams to better understand hydraulic loading potential, based on the probable maximum
precipitation study already contracted by PREPA through the USBR, is estimated at $10 million
total and $250,000 per dam. Updated dam break analyses at all dams are estimated at $6 million
total and $150,000 per dam. Completing site-specific seismic hazard analysis on all dams with
high seismic risk is estimated at $40 million total and $1 million per dam. Performing semiquantitative risk assessments (SQRA) on all dams is estimated at $20 million total and $500,000
per dam. Development and implementation of new operational rules and procurement of
necessary control systems would cost $3.8 million based on $100,000 per reservoir from USBR
WaterSMART Grants. The cost of conducting comprehensive assessments of all the dams
previously deemed high risk from the probable maximum precipitation (PMP), probable
maximum flood (PMF), and seismic study results is estimated at $5 million per dam for 5 dams,
or $25 million.
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Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include the
USEPA, CWSRF, USACE, Government of Puerto Rico, PRASA, PREPA, and NGOs.
Potential Implementers
DNER, PRASA, USEPA, USGS, PREPA, USACE
Potential Pitfalls
Implementation of new management standards may require the involvement and approval of
multiple governmental agencies. Successful mitigation of flood risk will require some estimate of
future water-surge magnitudes during extreme weather, which are inherently uncertain, and these
studies will require upfront funding. Implementing new control measures will require some
capital investment and may not be prioritized because of more pressing flooding concerns.
Demand for dam services will be a function of the location population, so management
approaches may have to be adaptable as populations shrink, grow, or relocate.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 23
WTR 25

Evaluate, Repair, and Improve Flood Control Infrastructure
Rationalize Ownership and Management of Flood Control Infrastructure

Improvement are also needed to the current dam safety program to fund risk assessments
and maintain infrastructure. An oversight authority must be established to ensure upgraded
management practices meet safety standards
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WTR 23
Evaluate, Repair, and Improve Flood Control Infrastructure
Sector Impacted
Water
Issue/Problem Being Solved
Many flood control systems were damaged by Hurricane Maria and some may be
underdesigned for the magnitude and frequency of extreme precipitation events. These systems
could be vulnerable to future extreme weather events and climate change and may not adequately
mitigate flood risk under future conditions. Additionally, there are 3 large flood control projects
that have not be completed because of funding limitations, making the protected areas vulnerable
to flooding. Further, traditional gray infrastructure solutions to flood control, such as dams,
channels, and levees, can disrupt natural habitats and diminish ecosystem benefits.
Description
This COA evaluates, repairs, and improves the performance and resilience of flood control
infrastructure to safely manage 100-year floods events. The COA includes monitoring and
maintenance programs and considers the influence of increased magnitude and frequency of flood
events because of climate change. Assets include flood risk management systems consisting of
(but not limited to) dams, levees, channels, precipitation and stream gauges, and water control
structures. Further, the development and use of a real-time flood inundation mapping tool can
serve as the digital framework needed to support the operations and maintenance of flood control
infrastructure. This dually supports the goals of WTR 22.
The principal tasks of this COA are repair and rebuilding of a flood control infrastructure.
Depending on the level of implementation, this COA could be focused on the repair of hurricane
damage to levees, dams, precipitation and stream gauges, and other flood control infrastructure. In
a more holistic implementation of this COA, initial stages will be focused on assessments of
(i) the operational status and design capacity of dams and levees, including a prioritization of
asset repairs or upgrades in advance of the next hurricane season; (ii) natural infrastructure and
ecosystem-based alternatives to traditional infrastructure, levees, and channels to manage future
extreme events; and (iii) long-term repairs and improvements for levees and dams. Modifications
to dams to mitigate risk will be based on comprehensive assessments (i.e., modification studies)
of high-risk facilities identified in WTR 22. This COA will also identify and evaluate options for
natural river systems to manage flooding in future extreme events, including how these options
could reduce dependency on levees and other physical infrastructure. Assessments should also
consider reliable climate projections. After assessments and hydrologic and hydraulic studies are
performed to determine design capacity, permanent repairs and reconstruction of flood control
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systems will be conducted. The establishment of a regular maintenance and inspection schedule is
a critical component for the long-term performance of flood control infrastructure. Thus, it should
be based on project size, importance, and risk potential. The development, dissemination, and
maintenance of a real-time flood inundation mapping tool can improve the operations and
maintenance of flood control systems.
The likely timescale to see benefits is 6 to 12 months for assessments of operational status,
safety, and risk (precipitation, flood, seismic) for each system and implementation of near-term
safety improvements. Work should commence within 24 months for long-term repairs and
modifications, prioritizing those systems that pose the greatest safety risk.
Potential Benefits
The most significant benefits include a reduction in flood risk for communities and assets
and associated risks to people and property. Regular and established maintenance schedules will
ensure that the performance and design life of repaired and redesigned infrastructure assets are
maintained.
Potential Spillover Impacts to Other Sectors
Reduced flood risk yields benefits for NCR, HSS, and any infrastructure sectors protected
by flood control infrastructure.
Potential Costs
Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational.
These costing scenarios correspond with the water sector COA portfolios constructed in the
HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $4.639 billion in estimated up-front costs
Potential recurring costs: $27.7 million in estimated total recurring costs (over 11 years)
Potential total costs: $4.667 billion in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.27.
Hurricane repair costs estimates include (i) repair and upgrade of 13 levees: $100 million,
as noted in Build Back Better; (ii) $200 million for Guajataca Dam restoration, as noted in
Build Back Better; (iii) Dos Bocas Dam hydroelectric facility repair estimated at $500,000;
(iv) construction of a new support structure to span the pipeline over the gulch that feeds water to
the Río Blanco hydroelectric plant, estimated at $2 million, and (v) reconstructing the pipeline
that feeds water to the Toro Negro hydroelectric plant, estimated at $500,000. Monitoring and
maintenance of levees across Puerto Rico is estimated at $112,875.60 per year, based on 32 miles
of levees, according to the National Levee Database, and a cost of $140 per acre per year for
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Table A.27. Cost Scenario Description for WTR 23
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Repair of hurricane damages

$303

Transitional

Monitoring and maintenance programs for levees, channels, and dams
Restoration of precipitation gauge network

$304

Transformational

Redesign systems to consider increased magnitude and frequency of
flood events
Make dam modifications to mitigate risk
Develop a real-time flood inundation mapping tool

$4,667

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

monitoring and maintenance.1 Enhanced monitoring and maintenance of floodgates and spillways
is estimated at $67,252 per floodgate per year. If this is extrapolated to half of Puerto Rico’s
dams, the cost comes to approximately $2.2 million per year. Repair and restoration of
precipitation gauge network, including maintenance, is estimated at $40,000 up-front and $320,000
annually. Upgrades to levees and channels, including construction and studies, are estimated at
$3.331 billion. The latter cost includes $2.511 billion of the supplemental to be potentially
received by USACE for new construction projects and flood risk management studies. The cost of
dam safety modifications is estimated at $20 million per dam for 5 dams, for a total of $1 billion.
The development and dissemination of a real-time flood forecasting and inundation mapping tool
is estimated at $3 million, based on $250,000 for 12 watersheds.
Potential Funding Mechanisms
FEMA Public Assistance and Hazard Mitigation grants; FEMA Flood Mitigation grants;
USEPA CWSRF; USDA Rural Development programs, and USACE, where infrastructure assets
are eligible

1

Trey Miller, Financing the Operation and Maintenance Costs of Hurricane Protection Infrastructure: Options for
the State of Louisiana, Santa Monica, Calif.: RAND Corporation, TR-1223-OCPR, 2012.
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Potential Implementers
DNER, Puerto Rico Planning Board, Puerto Rico Emergency Management Agency,
Municipalities, USACE, USEPA, USGS
Potential Pitfalls
Given the state of flood control infrastructure before Hurricane Maria, major infrastructure
investments are likely required to adequately mitigate risk. System improvements will only be
considered successful if they can adequately mitigate risk in the face of an uncertain future
climate.
For flood control infrastructure, a range of issues must addressed, including repairs to
damages caused by erosion (e.g., armoring). In addition, ensuring regular maintenance such as
vegetation clearance is important for maintaining the integrity and longevity of dams and levees.
Dams and levees require regular inspections and maintenance to ensure dam and levee safety.
Failure to keep up with maintenance accelerates the depreciation of assets and enhances the risk.
Likely Precursors
Precursors to implementation of this COA include clearance of debris and blockages,
inventory of asset ownership and status, and comprehensive damage assessments of all
infrastructure assets.
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WTR 24
Reduce Sedimentation of Water Bodies
Sector Impacted
Water
Issue/Problem Being Solved
Puerto Rico reservoirs and channels have suffered lost capacity over time because of
sedimentation, making it difficult to simultaneously ensure water quality and to maintain flood
control capability. The Dos Bocas, Guayabal, Loco, Carraízo, Lucchetti, Prieto, and Yahuecas
reservoirs have lost more than 40% of their total storage capacities because of sedimentation,
based on 2013 USGS estimates.1 These estimates do not include the sedimentation that occurred
as a result of Hurricane Maria.
Description
This COA will ensure the downstream water quality of reservoirs and channels while
simultaneously maintaining flood control capacity through erosion control, sediment control plans
and reduction measures, and dredging. It also aims to discourage or prohibit land development in
estuarial and coastal regions and some uses of land in floodplains and watershed buffer zones to
manage sedimentation rates. To meet these objectives, this COA requires enforcing sediment
control plans and reduction measures, land-use plans, and soil conservation practices to preserve
capacity, maintain the flood control properties of dams and channels, and limit the sedimentation
of water bodies. If necessary, dredging of channels and dams to restore reservoir capacity will be
performed.
Initial stages of implementation include the dredging of critical reservoirs and channels, if
deemed necessary for safety and function. Bathymetric surveys, hydraulic analysis, and sediment
sampling should be used to assess sedimentation accumulation and identify sources of sediment
loads and where land-use and soil conservation practices should be altered. Bathymetric surveys
are necessary to determine which reservoirs should be prioritized for sediment reduction measures
and dredging. Before implementation of sediment reduction measures, assessments should be
performed of the potential for sluice gates, upstream sediment traps, bank and slope stabilization,
and other sediment and erosion control strategies to reduce the dependence on regular dredging
activities in the future. A sediment control plan should be developed and strategies implemented.
1

L. Soler-López, “Sedimentation Survey Results of the Principal Water Supply Reservoirs of Puerto Rico,” in
Proceedings of the Sixth Caribbean Islands Water Resources Congress, ed. W. F. Sylva, Mayagüez: Puerto Rico,
2001.
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Finally, alternative uses of nonhazardous dredged sediment, such as wetland material, to offset
disposal costs should be assessed and implemented.
The timescale for implementation includes conducting sediment sampling and bathymetry
studies and surveys within 6 months, followed by an assessment of alternative sedimentation and
erosion control measures within 12 months. Regular dredging operations would begin within
18 months. Implementation and ongoing maintenance of sediment and erosion control systems
would occur in 24 months.
Potential Benefits
The benefits of this COA include improved flood control without compromising water
quality, water supply, and reservoir capacity and potential reductions in sustainment costs in the
future, assuming alternative sedimentation and erosion control measures prove cost-effective.
Potential Spillover Impacts to Other Sectors
Potential benefits would accrue to NCR, but there are also potential adverse effects
associated with dredging operations.
Potential Costs
Costs are predominantly driven by expensive dredging of channels and dams, although these
would likely be a one-time cost if sediment control dams and measures are fully implemented.
Here, we provide 3 different costing scenarios—Basic, Transitional, and Transformational. These
costing scenarios correspond with the water sector COA portfolios constructed in the HSOAC
DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $3.715 billion in estimated up-front costs
Potential recurring costs: Not applicable
Potential total costs: $3.715 billion in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.28.
Development of sediment and erosion control plans and land-use and soil conservation plans
would cost $3.8 million to $11.4 million. These costs assume $100,000 to $300,000 per site as
derived from the Water Solutions Team survey and plan development costs. Implementation and
enforcement of plans and measures would cost $160 million to $500 million based on a 2018 study
that suggests alternative control measures could be an order of magnitude cheaper than dredging.2
2

A. G. Adeogun, B. F. Sule, and A. W. Salami, “Cost Effectiveness of Sediment Management Strategies for
Mitigation of Sedimentation at Jebba Hydropower Reservoir, Nigeria,” Journal of King Saud University—
Engineering Sciences, Vol. 30, No. 2, 2016, pp. 141–149.
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Table A.28. Cost Scenario Description for WTR 24	
  
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Dredge critical channels and dams
Perform bathymetric studies of all dams

$3,408

Transitional

Develop sediment and erosion control plans and reduction
measures, implement land-use plans, soil conservation
practices

$3,415

Transformational

Implement and enforce plans and measures

$3,715

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Sediment control measures and costs are in addition to those noted in NCR 14, which targets
water quality improvements for priority watersheds. Bathymetric studies of all reservoirs are
estimated at $200,000 per reservoir or $7.6 million in total. Dredge critical channel and dam costs
of $1.7 billion to $5.1 billion would be needed to fully restore all reservoir capacity; this range is
based on last reported versus extrapolated storage losses to the present day from the USGS,3 with
approximately $100 million for surveying all sites and dredging equipment mobilization. The
costs assume an average dredging unit cost of approximately $20 per cubic meter of sediment.
Carite and Guayabal reservoirs had bathymetric surveys performed after Hurricane Maria by
USGS; results are not yet available. Additionally, the following reservoirs are prioritized for
bathymetric surveys in 2019 by the USGS: Caonillas, Dos Bocas, Guajataca, La Plata, Carraízo,
Patillas, and Toa Vaca. Dredging of dams should be performed on an as-needed basis only and
should be prioritized based on the results of bathymetric studies. Here we report half of the
estimated range, $3.4 billion, as an estimate of dredging costs.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include the	
  
FEMA Hazard Mitigation Grant Program, CDBG-DR, USEPA, USDA, USACE, DOC EDA,
Government of Puerto Rico, PRASA, PREPA, DNER, and NGOs.
3

Soler-López, 2001.
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A portion of costs would likely be eligible for grants from the FEMA Hazard Mitigation and
Flood Mitigation assistance programs since solids buildup in channels and dams can be attributed
to hurricane impacts. Dredging costs, however, could be covered by USACE if the reservoir/
channel qualifies for such funds. Other costs that are not covered be FEMA could be eligible for
disaster recovery funds from HUD CDBG-DR, the USEPA State Revolving Fund, or the
Economic Development Administration. Otherwise, these operations would need to be covered by
PRASA, PREPA, or DNER funds/revenue, depending on the ownership or responsibility of the
asset. NGO and philanthropic funding can also be pursued.
Potential Implementers
USACE, USEPA, USGS, FEMA, DNER, PRASA, PREPA, Puerto Rico Planning Board,
PREQB, Municipalities, and PRDOH
Potential Pitfalls
With regard to dredging and sluicing, these activities impact water quality of downstream
communities and require recurring operations and maintenance expenditures. With regard to other
sedimentation and erosion control measures, implementation depends on the enforcement and
monitoring power of institutions, and imposed standards are a function of the timing, quantity,
and intensity of precipitation events as well as any climate-induced changes to the suitability of
land for agriculture. In a depressed economy, strict regulations on land use and agricultural
practices, while beneficial in the long term, could become burdensome to the private sector and
individuals. In addition, changes in population and demographics could reduce the effectiveness
or need for these regulations. Depending on how strictly this COA is implemented, it could lead
to disruption of residents in floodplains, removal of land from development, and high costs to
relocate people and infrastructure. Also, government entities that impose land development
restrictions may be exposed to legal liability from taking claims. Finally, this COA will require a
sufficient waste disposal infrastructure to manage dredging products and, as necessary, the
capability to dispose of contaminated wastes.
Likely Precursors
WTR 25, Rationale Ownership and Management of Flood Control Infrastructure, must be
adopted so that sedimentation and erosion control measures can be properly implemented.
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WTR 25
Rationalize Ownership and Management of Flood Control
Infrastructure
Sectors Impacted
Water, Energy, NCR
Issue/Problem Being Solved
Ownership and management authority for major water infrastructure are divided among
government of Puerto Rico agencies. Operations may not be optimized for current demands or to
balance multiple objectives.
Description
This COA rationalizes ownership and management of hydroelectric dams and facilities,
including the transfer of ownership of PREPA-owned dams to PRASA, and enhances cooperative
management to increase operational efficiencies and achieve multiple objectives. Flood control
pumps operated in urban areas as a part of stormwater systems are included in this course of
action.
This COA would be implemented by assessing the financial and management implications
of alternative asset ownership plans. This would be undertaken for water and flood control assets
across Puerto Rico, including PRASA service areas and with a specific focus on the 7 dams
owned by PREPA that are no longer primarily used for hydroelectric generation.
Analysis of the implications of asset rationalization with respect to financial, regulatory, and
management impacts would occur within 1 year. This analysis would be followed by execution of
asset rationalization in a subsequent 1 to 2 years, assuming consensus among stakeholders.
Potential Benefits
Enhanced operational efficiency, asset management, fiscal health, and thus the overall
resilience of drinking water and flood control systems would all be positive outcomes of this
COA.
Potential Spillover Impacts to Other Sectors
Asset rationalization that results in the transfer of ownership of dams from PREPA to
PRASA could have implications (positive or negative) for the future management of those dams
for hydropower. Asset rationalization has the potential to enhance operational efficiency, asset
management, fiscal health, and thus the overall resilience of the drinking water distribution
system.
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Potential Costs
The costs associated with this COA are largely derived from additional operations and
maintenance costs for transferred assets. Here, we provide 3 different costing scenarios—Basic,
Transitional, and Transformational. These costing scenarios correspond with the water sector
COA portfolios constructed in the HSOAC DST.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $2.8 million in estimated up-front costs
Potential recurring costs: $336.6 million in estimated total recurring costs (over 11 years)
Potential total costs: $339.4 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.29.
Table A.29. Cost Scenario Description for WTR 25	
  
Costing
Scenario

Additive Levels
of Implementation

Basic

Not implemented

Transitional

Not implemented

Transformational

Rationalize ownership and management
Develop Joint Operation and Maintenance plans

Cost Estimate
(Millions)
$0
$0
$339

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Annual operating and maintenance costs for the 7 additional dams are estimated at
$7 million to $70 million per year. This is based on the assumption of $1 million to $10 million
for the costs per dam associated with assumption of ownership of PREPA dams.1 The estimated
cost of additional operations maintenance for municipal owners of transferred flood control pump
stations is approximately $90,000 per year.2 If half of DNER-owned flood control pump stations
1

U.S. Bureau of Reclamation, “Appendix E: LACFCD Dam Hydrology and Cost Estimates,” Los Angeles Basin
Study, 2017.
2

Miller, 2012.
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are transferred, the estimated cost for municipalities totals $630,000. This assumes that PRASA is
not required to purchase dams directly from PREPA and that municipalities are not required to
purchase pumps from DNER, so that there are zero up-front costs. The cost of the development
and/or revision of a Joint Operation and Maintenance plan as part of the activities for rationalization
to enhance cooperation between government of Puerto Rico agencies is estimated at $200,000 per
asset, for an approximate total of $2.8 million.
Potential Funding Mechanisms
The following sources of funding could support the implementation of this COA:	
  
Government of Puerto Rico, PRASA.
Costs for asset acquisition and future operations and maintenance could be derived from
PRASA revenue for transferred dams and reservoirs and from municipal revenue for transferred
pumps.
Potential Implementers
Various entities could support the implementation of this COA. They include the	
  PRASA,
PREPA, DNER, and Municipalities.
PRASA has the lead responsibility for pursuing the acquisition or divestment of assets,
but this necessitates cooperation with existing asset owners, in this case PREPA. DNER and
Municipalities will need to collaborate on rationalizing the ownership of flood control pump
stations.
Potential Pitfalls
Asset rationalization is highly contingent on the decisionmaking and investment processes
of PRASA, DNER, and Municipalities, as well as of other actors including regulators.
Maintaining sufficient revenues to adequately fund ongoing operations and maintenance of
additional assets if they were to be acquired is a key concern.
Likely Precursors
Consensus is needed among PRASA and PREPA and DNER and Municipalities about the
terms and conditions of asset transfers. For PRASA and PREPA, agreements may also be
contingent on decisions about future use of hydropower in Puerto Rico—if investments are made
to repower dams, then the value proposition of asset ownership from PREPA to PRASA may be
diminished.
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WTR 26
Build Trust and Engage PRASA Clients
Sector Impacted
Water
Issue/Problem Being Solved
Improved communication between PRASA and its clients and customers would allow more
collaborative management of water and wastewater services. Navigating the recovery process and
placing PRASA on a sustainable financial pathway will necessitate large investments and potential
trade-offs. As such, communication, outreach, and engagement by PRASA to its clients and
customers will ensure that people better understand the utility’s strategies and decisionmaking. In
addition, such engagement provides opportunities for clients to work with PRASA to prioritize
critical industries and services and to become active participants in water resources management.
Description
This COA enhances communication, education, and outreach to PRASA customers on
conservation and emergency preparedness strategies and increases public understanding of water
and wastewater system planning, performance, and investments to foster strong relationships
between PRASA and its clients. Implementation includes identifying key stakeholders and clients,
developing marketing and communication materials and campaigns, and engaging stakeholders
on PRASA operations and decisions. Benefits could be realized within 2 years.
Potential Benefits
The anticipated benefits of this COA are twofold. First, it helps to develop a strategic
approach by which PRASA can communicate its management priorities to clients and customers
so that they can better understand the value of water and the opportunities, constraints, and
rationales behind management decisions.1,2 Second, it provides a mechanism by which clients and
customers can play a more active role in helping PRASA meet its objectives, such as in
emergency management situations.

1

U.S. Environmental Protection Agency, Communicating the Value of Drinking Water Services: Using Campaigns
and Community Engagement Efforts, Office of Water, EPA 810-S-15-001, 2015.

2

Water and Sanitation Program-South Asia, Engaging with Citizens to Improve Services, New Delhi: World Bank,
2007.
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Potential Costs
The costs associated with implementing a public engagement program for PRASA are
contingent on the level of investment in the program and the desired level of impact sought. Here,
costs are allocated to one of 3 alternative costing scenarios—Basic, Transitional, and
Transformational. These costing scenarios correspond with the water sector COA portfolios
constructed in the HSOAC DST. Costs range from $371,400 per year to launch a limited public
engagement program to $6,030,000 per year for a sustained, intensive, and comprehensive
engagement.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: Not applicable
Potential recurring costs: $66.3 million in estimated total recurring costs (over 11 years)
Potential total costs: $66.3 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.30.
Table A.30. Cost Scenario Description for WTR 26	
  
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Website development
Public relations consultant (4 months)
8-week print advertising production and campaign

$4

Transitional

Market research
Focus groups
16-week print advertising production and campaign

$35

Transformational

Public relations consultant (12 months)
8-week broadcast advertising production and campaign

$66

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

A comprehensive public engagement and education package includes a broad range of
mutually supporting actions. They include the use of market research and focus groups to better
understand perspectives of stakeholders, the hiring of public relations consultants to develop
messaging, website development and hosting, and print and/or broadcast advertising. Indicative
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costs for these various activities are based on published estimates from a sustainable buildings
communication campaign.3
Potential Funding Mechanisms
Funding to support the implementation of this COA would come from the Government of
Puerto Rico, PRASA, and nongovernment sources.
A public engagement campaign would likely be funded predominantly from PRASA
revenue. However, to the extent that public education programs around water are developed and
offered (e.g., for the benefit of schools or other community groups), alternative sponsors could be
used, including federal grants or contributions from not-for-profit organizations and/or
foundations.
Potential Implementer
PRASA
Potential Pitfalls
Enhancing transparency around PRASA’s management practices, operations, and strategic
planning creates potential vulnerabilities as it gives the public, customers, and clients the
opportunity to reflect on the status and trends of the utility and to voice preferences for and
against different decisions. This could enhance public support for PRASA but could also increase
the politicization of investment decisions that could slow decisionmaking and innovation.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 1
WTR 2
WTR 8

Resilient Repair or Replacement of the PRASA Drinking Water System
Improve Operational Efficiency of PRASA Water and Wastewater Systems
Implementation of New Initiatives to Achieve Financial Sustainability for PRASA

Sustaining a public engagement campaign necessitates having a productive and sustainable
narrative around which to develop a campaign. One such narrative could be associated with
PRASA’s role in disaster recovery and its ability to demonstrate progress commensurate with that
narrative. Examples would be documenting projects implemented during the recovery process and
their value to clients and customers or demonstrating improvements in PRASA’s financial
position and ability to invest for the future.

3

Florida Solar Energy Center, “Green Building Public Awareness Campaign Plan,” webpage, January 25, 2008.
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WTR 27
Protect and Rehabilitate Groundwater Systems
Sectors Impacted
Water, Natural and Cultural Resources
Issue/Problem Being Solved
Groundwater resources in Puerto Rico are exposed to contaminants, particularly in the North
Coast Karst Aquifer owing to its high level of hydraulic conductivity and the concentration of
contaminant sources in the region.1 Groundwater levels across the island have largely been in
decline, according to monitoring data from the USGS, although many were recharged significant
following Hurricanes Irma and Maria.2
Puerto Rico is dependent on groundwater as a source for both drinking water and irrigation:
12% of PRASA’s average annual water supply is from groundwater, 57% of non-PRASA systems
depend on groundwater for their drinking water supply,3 and 58% of agricultural irrigation utilizes
groundwater supply.4 Any declines in availability because of water contamination or groundwater
overexploitation will leave these systems vulnerable to shortages.
Description
This COA protects and rehabilitates groundwater systems—including karst systems with
higher hydraulic conductivity—from saltwater intrusion, contamination, and overexploitation.
The COA implements artificial recharge programs, monitoring networks, and groundwater
modeling.
The first step of implementation includes assessing the status, trends, and dynamics of
groundwater resources. Once assessments have identified opportunities to improve groundwater
availability and/or groundwater quality, options include remediation, artificial recharge, and
ongoing monitoring and modeling for groundwater sustainability. Remediation of contaminant
plumes and contaminated sites should prioritize those areas hydraulically connected to drinking
water or irrigation wells. A long-term structured groundwater management plan could encompass
and manage these activities.

1

I. Padilla, C. Irizarry, and K. Steele, “Historical Contamination of Groundwater Resources in the North Coast
Karst Aquifers of Puerto Rico,” Revista Dimension, Vol. 3, 2011, pp. 7–12.

2

U.S. Geologic Survey, “USGS Water Data for the Nation,” webpage, 2018d.

3

U.S. Geologic Survey, Estimated Water Use in Puerto Rico, 2010, Open-File Report 2014-1117, 2014.

4

U.S. Geologic Survey, 2014.
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This is a long-term COA geared toward improving the overall health and sustainability of
Puerto Rico’s groundwater systems. Groundwater assessments should be completed within a
24-month period. The development of interventions, actions, and their subsequent implementation
should follow. Remediation of highly contaminated systems may take several years. Management
efforts and maintenance of groundwater monitoring networks and groundwater models should
continue in perpetuity.
These actions will take place at aquifer recharge and extraction zones across Puerto Rico.
Particularly critical areas include Puerto Rico’s North Coast Karst Aquifer,5 groundwater recharge
near landfills and Superfund sites, and documented high-risk areas for contamination.6 These
high-risk areas are Arecibo, Barceloneta, Florida, Vega Baja, Vega Alta, Manatí, Toa Baja,
Quebradillas, and Camuy.
Potential Benefits
Benefits include securing the quantity and quality of groundwater supply sources for
agricultural and residential uses, groundwater-dependent ecosystem protection, mitigation of
negative impacts of groundwater exploitation, including sinkholes, land subsidence, and
increasing costs of extraction. Expansion of groundwater monitoring networks and groundwater
modeling efforts, in a centralized location, allows for management and policy decisions to be
made based on up-to-date and technically defensible information.
Potential Spillover Impacts to Other Sectors
This COA would provide benefits for NCR and may make land above remediated sites
available for development.
Potential Costs
Costs for this COA vary depending on level of implementation but include costs to protect
and rehabilitate groundwater systems and costs for monitoring and modeling of groundwater.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $162.3 million in estimated up-front costs
Potential recurring costs: $25.6 million in estimated total recurring costs (over 11 years)
Potential total costs: $187.9 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.31.

5

Padilla, Irizarry, and Steele, 2011.

6

Rafael, Ronald, and Anastacio, 2016.
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Table A.31. Cost Scenario Description for WTR 27	
  
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Not implemented

Transitional

Protect and rehabilitate groundwater systems to preserve
safe drinking water supply

$178

Transformational

Monitoring networks and groundwater modeling

$188

$0

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient
to address hurricane damage as well as the chronic challenges in water and wastewater management. In
addition, investments are made in incremental improvements in infrastructure and service delivery as well as
capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.	
  

Remediation of contaminated groundwater is estimated at $3 million per site for
remediation costs7 and $800,000 for monitoring costs, at present worth.8 For example, the Salinas
Aquifer Mitigation Project was associated with costs on the order of $2.8 million. Puerto Rico has
9 National Priority List (NPL) sites with groundwater contamination concerns identified under the
USEPA Superfund Program.9 Thus, it will cost an estimated total of $34.2 million to remediate
only those sites listed on EPA’s NPL. Estimated costs are $700 per well annually for testing of
coliform bacteria, nitrate, conductivity, minerals (e.g., aluminum, arsenic), and volatile organic
compounds (VOCs).10 Costs are approximately $150,00011 for the design and installation of an
improved groundwater well casing. To improve one-third of Puerto Rico’s known 2,492
wells,12 targeting those prone to contamination and used for drinking water supply, the total
is $124.6 million. Developing a high-resolution model of Puerto Rico’s North Coast
7

U.S. Government Accountability Office, “Superfund: EPA’s Estimated Costs to Remediate Existing Sites
Exceed Current Funding Levels, and More Sites Are to Be Added to the National Priorities List,” GAO-10-380,
May 2010.
8

U.S, Environmental Protection Agency, “Papelera Puertorriqueña Inc. Superfund Site,” Superfund Program
Proposed Plan, 2017c.
9

U.S. Environmental Protection Agency, “Superfund: National Priorities List (NPL) Sites—by State,” webpage,
2018f.
10

California State Water Resources Control Board, “A Guide for Private Domestic Well Owners,” Groundwater
Ambient Monitoring and Assessment (GAMA) Program, 2015.

11

U.S. Environmental Protection Agency, “Appendix IV: Well Drilling and Pumping Costs,” 2001.

12

Rafael, Ronald, and Anastacio, 2016.
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Limestone Aquifer with a 2-year development schedule would cost $520,000 annually (for the
first 2 years) and approximately $124,600 per year thereafter (to maintain the model). Using the
domestic well network as a basis for an expanded groundwater monitoring program will be part of
initial capital costs; automated monitoring equipment ranges from $500 to $2,000 per well and
$200 annually thereafter. To expand Puerto Rico’s monitoring network with one-third of Puerto
Rico’s domestic wells, the estimated cost is $2.5 million upfront and $0.5 million annually
thereafter.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include	
  
FEMA Public Assistance and Hazard Mitigation Grant Program, HUD CDBG-DR, DOC EDA,
USEPA, USDA, USBR, and DNER.
Specific programs of interest include USEPA’s CWSRF, DNER Funds, “Polluter Pays”
programs, USBR grants, and Natural Resources Conservation Service grants and loan programs.
There is the potential for groundwater agency contributions, if DNER intervenes as an active
groundwater management agency and collects funds or if a new groundwater-specific entity is
formed.
Potential Implementers
The following entities could support the implementation of this COA:	
  DNER, PREQB,
USGS, and USEPA.
It is likely that DNER will be the lead agency coordinating groundwater management
efforts. Monitoring and modeling should be done in close collaboration with the USGS, as well as
with PRASA and non-PRASA systems. Remediation efforts will involve coordination with
USEPA and the PREQB.
Potential Pitfalls
Groundwater rehabilitation and management requires effective and collaborative
governance for it to be realized, funded, and implemented effectively over the long term. Because
this COA is focused on ensuring adequate groundwater supply in the future, if the climate
becomes hotter and drier, groundwater demand could significantly increase, making this COA
more challenging to implement. Higher than anticipated sea-level rise could also make saltwater
intrusion barriers less effective.
Less critical pitfalls are related to the economy, demographics, and technological change.
In an economic slump, without functional and well-funded institutions, long-term groundwater
management may not be prioritized. In addition, if the population and demographics shift
significantly, groundwater conservation and remediation strategies may no longer be required or
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may become insufficient. New technology could be incorporated into this COA if it becomes
available for monitoring, remediation, or modeling.
Likely Precursors
WTR 28

Secure Drinking Water Sources Against Contamination
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WTR 28
Secure Drinking Water Sources Against Contamination
Sectors Impacted
Water, NCR
Issue/Problem Being Solved
Surface water drinking water sources are degraded across Puerto Rico from industrial,
agricultural, wastewater, and stormwater contamination. In rural areas, many water sources are
improperly protected from contamination, which compromises water quality and safety.
Because of high rates of contamination from wastewater, stormwater, and industrial sites,
Puerto Rico’s surface water systems are highly degraded. PRASA’s largest 4 WWTPs discharge
primary treated wastewater directly into coastal and estuarine waters. Over 27,000 sanitary
overflows occur each year from wastewater systems alone, and many septic systems are
improperly maintained, unsealed, and often discharge raw sewage directly into coastal, surface,
and groundwater bodies. Undermaintained and undersized stormwater systems contribute to
overflow events and, in combined systems in San Juan, the combined sewer overflows. This
undermines the health and safety of drinking water sources and increases the risk of intrusion of
fecal contamination into the drinking water distribution system. Further, unsafe levels of
disinfection by-products have been found in water supplies across Puerto Rico,1 and these levels
are elevated by high nutrient loads in reservoirs.2
Description
This COA secures drinking water sources against contamination from domestic,
agricultural, and industrial wastewater and hazardous waste sites by raising awareness of source
water protection measures, enforcing land-use restrictions, quantifying nutrient loads in water
supply reservoirs, and remediating contaminated areas in close proximity to water sources. In
addition, it increases the protection of surface water resources from contamination from legacy
environmental contaminants as well as current agricultural and industrial activities in order to
protect human health and natural ecosystems. This COA also considers the potential mobilization
of contaminants from the USEPA’s designated Superfund sites, brownfields, and other industrial
and agricultural facilities during extreme events such as floods and hurricanes.
1

Natural Resources Defense Council, 2017.

2

Nutrient over-enrichment of surface waters stimulates excessive growth of aquatic macrophyte vegetation and
undesirable abundance of phytoplankton. The eventual decay of macrophyte and planktonic biomass can lead to
short- and long-term cycles of anoxia and promote the formation of disinfection by-products—for example,
trihalomethanes (THMs) in drinking water.
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The likely long-term lead actor for this COA is the DNER, but actions and planning should
be done in close partnership with the PREQB, USEPA, PRASA and non-PRASA water utilities,
and owners of nonregulated drinking water systems and domestic on-site sewage systems. Close
coordination and long-term collaboration are critical to the success of this COA. Parties should
begin by identifying water quality protection needs through studies and analyses that identify key
sources of contamination and prioritize interventions to address water contamination. Studies
should also include quantifying nutrient import loads by the main tributaries of at-risk reservoirs.
In the medium term, remediation and containment of contaminated areas will address legacy
pollution sources. Enforcement of land-use regulations and industrial and agricultural practices, in
conjunction with educational campaigns to raise awareness of and change behaviors on water
protection for communities across Puerto Rico, can provide longer-term solutions to address
water quality. The expansion of training programs for farmers to improve agricultural practices
and reduce contaminated runoff will lessen contaminant loading in the future.
The likely timescale to see benefits is more than 24 months. While activities could begin to
curb the degradation of surface water drinking systems in the short term, this is a long-term COA
that should be institutionalized across Puerto Rico to protect water quality in perpetuity. While
these actions should take place across Puerto Rico, critically impacted watersheds from
Hurricanes Irma and Maria that should be prioritized include Arecibo, the San Juan Metropolitan
area, the Northeast Corridor, Cabo Rojo, and Guanica.
Potential Benefits
Improved water source protection will safeguard water supply, human health, and
ecosystem services. The costs of treatment for drinking water sources decline as source water
quality is improved. Educational campaigns and public awareness can foster a culture of
environmental stewardship.
In the short term, benefits include reduced exposure to toxins and fecal pathogens through
minimizing sewage and industrial discharges from existing and legacy sites. In the medium to
long term, benefits include reductions in pollutant discharges (i.e., sediment, nutrients, pathogens)
from the watershed, improved health of exposed communities by addressing chronic illicit
discharges of sewage and contaminants and reducing exposure to fecal pathogens, and restoration
of land and water for ecosystems.
Potential Spillover Impacts to Other Sectors
HSS and NCR
Potential Costs
Costs include remediation of contaminated sites to eliminate pollutants in the
environment and/or contain it to prevent movement into drinking water sources, educational
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campaigns, enforcement programs, and training for implementation of source water project
measures.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $39.4 million in estimated up-front costs
Potential recurring costs: $9.9 million in estimated total recurring costs (over 11 years)
Potential total costs: $49.3 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.32.
Table A.32. Cost Scenario Description for WTR 28	
  
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Not implemented

Transitional

Raising awareness of water protection measures, enforcing
land-use regulations, studies and analysis

$13

Transformational

Implementation of source water protection measures and
training programs
Remediation of priority sites

$49

$0

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a
focus on addressing critical failures in the system caused by storm damage as well as investments needed
to achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Educational campaigns to raise awareness of and change behaviors on water protection for
communities across Puerto Rico cost roughly $90,000 per locality.3 Assuming an implementation
across one-third of Puerto Rico, prioritizing littoral zones upstream of drinking water intakes, this
would cost $2.7 million. Enforcement of land-use regulations and industrial and agricultural
practices would necessitate a large deployment of enforcement agents under both PREQB and the
Puerto Rico Planning Board. We estimate the need for 10 additional agents for this purpose at a
cost of $67,500/year per agent. Expansion of training programs similar to California’s Fertilizer

3

Personal communication from NOAA (June 28, 2018).
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Research and Education Program,4 Nutrient Management Training, and Train the Trainer
programs for farmers to improve agricultural practices and reduce contaminated runoff would cost
$75,000/year per program. Including these 3 programs would cost $225,000/year. Remediation
and containment of contaminated areas would necessitate investments in remediation programs on
the order of $3 million per site for remediation costs5 and $800,000 for monitoring costs, at
present worth.6 Puerto Rico has 9 NPL sites with surface water contamination concerns identified
under USEPA’s Superfund Program.7 Thus, it will cost an estimated total of $34.2 million for
remediation of only those sites listed on EPA’s NPL. The completion of studies to assess the level
and sources of nutrient loading and disinfection by-products in surface water reservoirs are
estimated at $500,000 each for 5 studies, one for each of PRASA’s service zones, across
Puerto Rico.
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include	
  
FEMA Public Assistance, FEMA Hazard Mitigation Grant Program, HUD CDBG-DR, DOC
EDA, USEPA, USBR, and USDA.
Specific programs of interest include the USEPA CWSRF; EPA’s Non-Point Source
Program and Water Pollution Control Grant Program; PRASA’s Revenue for WWTP Effluent
Mitigation; Economic Development Administration’s Public Works Program; and USDA Rural
Development programs.
Potential Implementers
PRASA, non-PRASA systems, DNER, PREQB, PRDOH, USEPA
Potential Pitfalls
Addressing multiple sources of contamination to water resources necessitates collaboration
among actors and stakeholders with responsibility for the management of different sectors and
water systems. Close coordination should be prioritized. Climate and weather can have a
significant influence on how contaminants are distributed in soils, surface water, and groundwater
as well as the mobility of those contaminants. More frequent and intense extreme precipitation
events would amplify the necessity for this COA.

4

California Department of Food and Agriculture, “Fertilizer Research and Education Program,” webpage, 2018.

5

U.S. Environmental Protection Agency, 2017c.

6

U.S. Environmental Protection Agency, 2017c.

7

U.S. Environmental Protection Agency, 2018.
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Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 11
WTR 17
WTR 19
WTR 27
NCR 14

Repair, Replace, and Improve WWTPs and Sanitary Sewer Collection Systems
Reduce Incidence of Raw Sewage Exposure
Reduce Urban Nuisance Flooding
Protect and Rehabilitate Groundwater Systems
Water Quality
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WTR 29
Strengthen Redundancy and Diversify Water Supply Sources
Sectors Impacted
Water, Energy, NCR
Issue/Problem Being Solved
Puerto Rico’s water resources are at risk of drought, contamination, and changing and/or
escalating demand. During periods of scarcity and during emergency response efforts, surface
water supply may be less available or degraded, and water managers need to maintain a
dependable water supply, including alternative supply sources. At the same time, Puerto Rico is
highly dependent on surface water resources for residential, industrial, and agricultural needs.
As climate change reshapes the timing and quantity of precipitation and temperatures
continue to rise, water demand and water supply will also change. Securing the long-term
resilience of drinking water supply in Puerto Rico can be facilitated by using a broader range of
sources. For example, in addition to using existing reservoirs, expanding the use of groundwater,
rainwater capture, and recycling and reuse of wastewater can offer enhanced flexibility and
provide a hedge against uncertainty in reliability resulting from, for example, drought conditions.
Description
This COA ensures sustainability of water supply sources by developing and implementing
integrated water management plans that include conservation and demand management strategies
and balance environmental needs with the demands of communities, industry, and agriculture,
while also enhancing resilience to drought events and climate change through alternative water
supply planning and adoption of water efficiency standards. Implementation includes developing
comprehensive plans for the management and conservation of water resources as well as
development of alternative water supply sources, including greater use of raw water and the
implementation of water recycling programs.
Water resource management plans can be developed within 2 years. The pursuit of
infrastructure projects to facilitate recycling and reuse or to develop new sources (e.g.,
groundwater) could take 2 to 5 years to implement, or even longer depending on the complexity
of the design and construction.
Potential Benefits
Reliable drinking water services are critical to support Puerto Rico’s economy, including
tourism and industry, and are essential for maintaining public health and other social services.
Ensuring drinking water services continue to perform during periods of rainfall variability
and uncertainty can reduce the need for service curtailment and restrictions and thereby avoid
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disruptions to agriculture, industry, and households. Increased flexibility in supply is a welldocumented strategy for addressing supply insecurity. In addition, there is a growing shift toward
rainwater capture and the recycling of water through either direct reuse or injection of treated
wastewater into aquifers.
Potential Spillover Impacts to Other Sectors
Enhanced security of supply can have positive spillover effects on HSS by increasing water
security, on NCR through the maintenance of minimum environmental flows, and on the broader
economy as a whole (e.g., industrial activity and agriculture). However, there is the potential for
negative externalities for electricity costs.
Water diversification can generate 2 primary positive spillover impacts. First, it can reduce
the diversion of surface freshwater for consumption, particularly during periods of low flows,
which can reduce ecosystem impacts; and second, it provides a useful hedge against supply
insecurity for human use.1,2 Recycled wastewater, in particular, has the potential to be sourced at
a lower cost and allow the sustainable use of water when supplies are constrained. However,
increased diversification can create the potential for increased electricity costs from, for example,
the increased need for water or wastewater pumping (for groundwater use or wastewater
injection). In addition, wastewater reuse can create additional demands for infrastructure
(e.g., conveyances) and treatment processes in order to accommodate different forms of reuse.
Moreover, with population in Puerto Rico in decline, it is not clear that future demand necessitates
a net increase in drinking water.
Potential Costs
The costs associated with implementing this COA vary depending on the need to diversify
the water supply to meet future demands and manage uncertainty. Here, we provide 3 different
costing scenarios—Basic, Transitional, and Transformational. These costing scenarios correspond
with the water sector COA portfolios constructed in the HSOAC DST. Costs range from
$500,000 to study opportunities for diversification to $1.477 billion for deployment of multiple
programs spanning rainwater capture, groundwater use, and wastewater reuse.
The recovery plan included the cost of the Transformational scenario.
Potential up-front costs: $1.466 billion in estimated up-front costs
Potential recurring costs: $11 million in estimated total recurring costs (over 11 years)
Potential total costs: $1.477 billion in total estimated costs
1

Black & Veatch Insights Group, 2016 Strategic Directions: Water Industry Report, Overland, Kan.: Black &
Veatch, 2016.
2

Economist Intelligence Unit, “Water for All? A Study of Water Utilities’ Preparedness to Meet Supply Challenges
to 2030,” The Economist, 2012.
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Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.33.
Table A.33. Cost Scenario Description for WTR 29	
  
Costing
Scenario

Additive Levels
of Implementation

Basic

Analysis of drinking water diversification options, costs, and
benefits

Transitional

Development of watershed management plans integrating
diversification options
Increased use of groundwater through expansion of wells

Transformational

Implementation of a stormwater capture program for urban areas
Use of reclaimed water to augment PRASA supply

Cost Estimate
(Millions)
$0.5
$12

$1,477

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus
on addressing critical failures in the system caused by storm damage as well as investments needed to
achieve regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are
sufficient to address hurricane damage as well as the chronic challenges in water and wastewater
management. In addition, investments are made in incremental improvements in infrastructure and service
delivery as well as capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that
brings about a transformation of the water sector, including large-scale deployment of technology to support
system optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Costs associated with undertaking a study of water diversification options is based on a
similar study conducted by the City of San Diego, California, prior to the development and
implementation of its program of water reuse. That study was priced at $350,000.3 We use an
estimate of $500,000 for a Puerto Rico–wide analysis. Broader watershed planning for the
integration of diversification options into existing and future water shed management is estimated
at $10 million.
Costs for implementation of a watershed management plan to enhance resilience to drought
and flooding are estimated at $11 million over an 11-year period, or $1 million annually. Costs
for implementation of an urban stormwater capture program are based on an estimated cost of
$13 million derived from the Roosevelt Park project in San Diego and applied to the 5 largest
cities of Puerto Rico (San Juan, Bayamón, Carolina, Ponce, and Caguas), resulting in a cost of
$65 million.4
Costs associated with groundwater are based on PRASA regional well-water extraction
projects as identified in the PRASA CIP. These costs were estimated at $860,000. Additional
3

San Diego Regional Chamber, “Assessing the Potential for Stormwater Capture and Reuse,” 2016.

4

San Diego Regional Chamber, 2016.
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costs associated with PRASA’s long-term drinking water strategy are reflected in WTR 1 and
WTR 4. Activities in these COAs support the goals of WTR 29.
Costs for a large-scale water reclamation initiative are estimated at $1.4 billion based on
phase I implementation of a program for the San Diego City Council.5
Potential Funding Mechanisms
Various sources of funding could support the implementation of this COA. They include the	
  
HUD CDBG-DR, USDA, Government of Puerto Rico, PRASA, and public-private partnerships.
Potential funding mechanisms for water diversification are likely to be dominated by
PRASA revenue. There may be potential for a P3 to finance water reclamation projects, but it is
unclear whether there is sufficient demand to create a market for a private enterprise. Some of the
rainwater capture opportunities could be fully or partially financed through federal programs. For
example, USDA Rural Development programs could be partial funding sources provided other
fiscal issues are addressed that would allow PRASA to once again be eligible for those resources.
Other grant-based funding, such as HUD Community Development Block Grants, may be another
option.6
Potential Implementers
PRASA, DNER, PRDOH, USEPA
Potential Pitfalls
Implementing programs and projects associated with water diversification are contingent on
improving PRASA’s operational efficiency, fiscal health, and cooperation with other entities such
as Municipalities, PREPA, and the USEPA.
The diversification of PRASA drinking water resources should be pursued with careful
consideration of future water demands in Puerto Rico. Those demands are a function of
population, industrial activity, water use efficiency, and broader trends in climate and rainfall
variability. Investments in supply diversification that result in a net increase in supply could
generate overcapacity that results in stranded assets unless there is a reduced reliance on existing
sources.
This COA requires effective and collaborative governance for it to be realized and
implemented effectively. Without functional and well-funded institutions, long-term water supply
sustainability may not be prioritized, especially in the event of an economic slump. Some of these
5

City News Service, “Council Approves First Phase of Pure Water Project,” KPBS Public Broadcasting, April 11,
2018.

6

U.S. Environmental Protection Agency, “Federal State Funding Programs: Stormwater and Green Infrastructure
Projects,” EPA Water Infrastructure and Resiliency Finance Center, 2017b.
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strategies could dramatically change depending on water savings, treatment, and sensing
technologies.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 1
WTR 2
WTR 3
WTR 4
WTR 7
WTR 8
WTR 26
WTR 27
WTR 28
WTR 30

Resilient Repair or Replacement of the PRASA Drinking Water System
Improve Operational Efficiency of PRASA Water and Wastewater Systems
Enhance the Efficiency and Resilience of PRASA Electricity Services
Enhance Ability to Transfer Potable Water among PRASA Service Zones
Strengthen PRASA’s Asset Management Program
Implementation of New Initiatives to Achieve Financial Sustainability for PRASA
Build Trust and Engage PRASA Clients
Protect and Rehabilitate Groundwater Systems
Secure Drinking Water Sources Against Contamination
Enhance PRASA’s Emergency Management Operations

Implementing this COA will be contingent on PRASA meeting revenue targets, including
the realization of additional revenue through rate increases and cost-saving measures. In addition,
a robust asset management system will be needed to effectively implement efforts to diversify
water sources. Similarly, having the workforce capable of managing system optimization will
require building capacity within PRASA as well as enhancing community education and
engagement to improve the shared understanding of water challenges and opportunities.
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WTR 30
Enhance PRASA’s Emergency Management Operations
Sector Impacted
Water
Issue/Problem Being Solved
The goal is to enhance the capacity and resilience of PRASA to effectively manage
emergencies associated with extreme weather events (e.g., drought, flood) or other threats to
assets and operations. Experience with Hurricane Maria identified multiple opportunities for
PRASA to enhance preparedness and contingency planning to mitigate risk during extreme
events. This includes preparedness for loss of power to assets and facilities; damage to pipes,
pumps, and treatment plants; and damage to offices and laboratories. Current recovery efforts
focus on building resilience to reduce vulnerability of critical assets to such events, including
reducing the time it takes to bounce back.
Description
This COA enhances PRASA’s capacity to effectively manage extreme events and service
disruptions by increasing preparedness through more robust emergency management planning,
protocols, and training. This COA could include plan development, staff training, as well as
coordination with critical clients and government of Puerto Rico and federal agencies to prioritize
response and recovery efforts. Implementation includes developing comprehensive plans and
practices for enhancing emergency management within PRASA as well as coordination of
response efforts with other agencies. Benefits could be realized within 2 years provided plan
development is accompanied by timely training of staff and communication with the public and
key stakeholders.	
  
Potential Benefits
The establishment of emergency response plans and protocols is a core component of
having a resilient water sector. These plans and protocols act as tools for mitigating adverse
consequences during extreme events and can reduce the time required for emergency response
and recovery. Therefore, enhancing emergency management can support Puerto Rico’s economy,
including tourism and industry, as well as have benefits in maintaining public health and safety.1,2
1

U.S. Environmental Protection Agency, “Emergency Response for Drinking Water and Wastewater Utilities,”
webpage, 2018c.
2

U.S. Environmental Protection Agency, “Large Water System Emergency Response Plan Outline: Guidance to
Assist Community Water Systems in Complying with the Public Health Security and Bioterrorism Preparedness and
Response Act of 2002,” EPA 810-F-03-007, July 2003.
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Potential Spillover Impacts to Other Sectors
Enhancing emergency management planning and responses can have positive spillover
effects on public health and safety as well as the broader economy. As a routine best practice,
there is little risk of negative spillover impacts.
Potential Costs
Costs for implementing an emergency management program for PRASA are estimated at
$425,000 per year or $4,675,000 over an 11-year period. Costs are based on those reported for a
model emergency management program launched by the City of St. Paul, Minnesota, which
allocated approximately $425,000 from its general fund.3 Here, costs are allocated to one of
3 alternative costing scenarios—Basic, Transitional, and Transformational. These costing
scenarios correspond with the water sector COA portfolios constructed in the HSOAC DST. The
estimate of $4,250,000 was used to represent the Basic costing scenario. A cost of $8.8 million
was used for the Transitional and Transformational scenarios—the City of St. Paul program
augmented general fund with external grants of an approximately equal amount.
The recovery plan included the cost of the Transformational scenario.
Potential upfront costs: Not applicable
Potential recurring costs: $8.8 million in estimated total recurring costs (over 11 years)
Potential total costs: $8.8 million in total estimated costs
Specific assumptions regarding what strategies are included within each costing scenario are
provided in Table A.34.
Potential Funding Mechanisms
The following sources of funding could support the implementation of this COA:	
  HUD
CDBG-DR, Government of Puerto Rico, PRASA.
Funding for an emergency management program would predominantly be the responsibility
of PRASA. However, discrete initiatives within the program could potentially be funded through
other federal agencies, such as HUD CDBG-DR or funding from NGOs.

3

City of Saint Paul, “Emergency Management Organization,” 2018.
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Table A.34. Cost Scenario Description for WTR 30
Costing
Scenario

Additive Levels
of Implementation

Cost Estimate
(Millions)

Basic

Implementation of an internally funded emergency management
program for PRASA

$5

Transitional

Externally funded program additions

$9

Transformational

Transitional activities

$9

The Basic Costing Scenario assumes recovery proceeds in a resource-constrained environment, with a focus on
addressing critical failures in the system caused by storm damage as well as investments needed to achieve
regulatory compliance and reliable and safe service delivery.
The Transitional Costing Scenario assumes recovery proceeds in an environment where resources are sufficient
to address hurricane damage as well as the chronic challenges in water and wastewater management. In
addition, investments are made in incremental improvements in infrastructure and service delivery as well as
capacity building.
The Transformational Costing Scenario assumes recovery proceeds in a resource-rich environment that brings
about a transformation of the water sector, including large-scale deployment of technology to support system
optimization and the prioritization of environmentally friendly practices.
NOTE: Costing scenarios are cumulative. The Transformational scenario includes the implementation activities in
Transitional; the Transitional scenario includes the implementation activities in the Basic scenario.

Potential Implementers
PRASA, DNER, PREQB, PRDOH, USEPA
Potential Pitfalls
A robust emergency management plan effectively represents a win-win option with few
pitfalls if appropriately implemented and sustained over the long term.
Likely Precursors
Precursors that are relevant, regardless of the level of implementation, include the
following:
WTR 2
WTR 3
WTR 4
WTR 5
WTR 7
WTR 8
WTR 26
WTR 29

Improve Operational Efficiency of PRASA Water and Wastewater Systems
Enhance the Efficiency and Resilience of PRASA Electricity Services
Enhance Ability to Transfer Potable Water Supply Among PRASA Service Zones
Improve Treatment and Storage Capacity to Handle High-Turbidity Events
Strengthen PRASA’s Asset Management Program
Implementation of New Initiatives to Achieve Financial Sustainability for PRASA
Build rust and Engage PRASA Clients
Strengthen Redundancy and Diversify Water Supply Sources

Emergency management planning and operations must be integrated with strategic planning,
asset management, investment, and capacity building. Therefore, implementation of this COA
must occur in conjunction with a range of other COAs that are likely to be implemented in
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coming years. These include actions that improve the physical infrastructure and its performance,
enhance flexibility in water sources and transfers, improve the overall financial sustainability of
the utility, and enhance engagement and communication between PRASA and its customers and
clients that are affected by how the utility responds to extreme events and disruptions.

197

References

Adams, B., and J. M. Heffner, “Puerto Rico Wetland Resources,” in National Water Summary on
Wetland Resources, ed. J. D. Fretwell, J. S. Williams, and P. J. Redman, San Juan: U.S. Fish
and Wildlife Service, 1996. As of January 15, 2019:
https://www.fws.gov/wetlands/data/Water-Summary-Reports/National-Water-Summary
-Wetland-Resources-Puerto-rico.pdf
Adeogun, A. G., B. F. Sule, and A. W. Salami, “Cost Effectiveness of Sediment Management
Strategies for Mitigation of Sedimentation at Jebba Hydropower Reservoir, Nigeria,” Journal
of King Saud University—Engineering Sciences, Vol. 30, No. 2, 2016, pp. 141–149. As of
April 30, 2019:
https://www.sciencedirect.com/science/article/pii/S1018363916000076
American Society of Civil Engineers, “Failure to Act: The Economic Impact of Current
Investment Trends in Water and Wastewater Infrastructure,” Reston, Va.: ASCE, 2011. As of
March 29, 2019:
https://www.asce.org/uploadedFiles/Issues_and_Advocacy/Our_Initiatives/Infrastructure/
Content_Pieces/failure-to-act-water-wastewater-report.pdf
Arcadis Caribe, Hurricane Maria Stormwater Systems Damage Assessments.
Berahzer, S., “Who Is Supplying Water in Puerto Rico?” University of North Carolina
Environmental Finance Center (blog), November 7, 2015. As of April 30, 2019:
http://efc.web.unc.edu/2015/11/17/who-is-supplying-water-in-puerto-rico
Black & Veatch Insights Group, 2016 Strategic Directions: Water Industry Report, Overland
Park, Kan.: Black & Veatch, 2016. As of March 29, 2019:
https://www.bv.com/docs/reports-studies/sdr-water-industry.pdf
Cabiya, Y. H., “Demand for Bottled Water in Puerto Rico Quadruples After Hurricane Maria,”
Caribbean Business, October 23, 2017. As of March 29, 2019:
http://caribbeanbusiness.com/demand-for-bottled-water-in-puerto-rico-quadruples-after
-hurricane-maria/
California Department of Food and Agriculture, “Fertilizer Research and Education Program,”
webpage, 2018. As of April 30, 2019:
https://www.cdfa.ca.gov/is/ffldrs/frep/index.html
California State Water Resources Control Board, “A Guide for Private Domestic Well Owners,”
Groundwater Ambient Monitoring and Assessment (GAMA) Program, 2015. As of
April 30, 2019:
https://www.waterboards.ca.gov/gama/docs/wellowner_guide.pdf
198

Cameron, J., P. Hunter, P. Jagals, and K. Pond, eds., Valuing Water, Valuing Livelihoods:
Guidance on Social Cost-Benefit Analysis of Drinking-Water Interventions, with Special
Reference to Small Community Water Supplies, Geneva: World Health Organization, 2011.
Cangialosi, John P., Andrew S. Latto, and Robbie Berg, “National Hurricane Center Tropical
Cyclone Report: Hurricane Irma,” AL112017, National Oceanic and Atmospheric
Administration, 2018.
Carey, E., R. Jaimes, F. Song, and M. Woods, “Expansion of the Water Distribution System in
the Rio Prieto Region,” Worcester Polytechnic Institute, 2008. As of April 30, 2019:
https://web.wpi.edu/Pubs/E-project/Available/E-project-042908-154559/unrestricted/
ExpanRioPrietoWaterDistSys.pdf
City News Service, “Council Approves First Phase of Pure Water Project,” KPBS Public
Broadcasting, April 11, 2018. As of April 30, 2019:
http://www.kpbs.org/news/2018/apr/11/council-approves-first-phase-of-pure-water-project/
City of Saint Paul, “Emergency Management Organization,” 2018. As of April 30, 2019:
https://www.stpaul.gov/sites/default/files/Media%20Root/Financial%20Services/2018
%20Proposed%20Emerg.%20Mgmt.pdf
Cullen N., R. Baur, and P. Schauer, “Three Years of Operation of North America’s First Nutrient
Recovery Facility,” Water Science and Technology, Vol. 68, No. 4, 2013, pp. 763–768.
Daudey, L., “The Cost of Urban Sanitation Solutions: A Literature Review,” Journal of Water
Sanitation and Hygiene for Development, Vol. 8, No. 2, 2018, pp. 176–195.
DHS, Puerto Rico Drinking Water Sector Characterization, Infrastructure Protection,
Washington, D.C.: U.S. Department of Homeland Security, 2018.
Economist Intelligence Unit, “Water for All? A Study of Water Utilities’ Preparedness to Meet
Supply Challenges to 2030,” The Economist, 2012. As of April 30, 2019:
http://www.oracle.com/us/industries/utilities/utilities-water-for-all-ar-1865053.pdf
Federal Emergency Management Agency, “Cost Code Listing,” 2010. As of April 30, 2019:
https://www.fema.gov/media-library-data/1499870452846-788ed7dc0c6d2458a95476052f
250f66/2011_Cost_Codes.pdf
———, Flood Insurance Study: Commonwealth of Puerto Rico and Municipalities, Vol. 1,
No. 72000CV001C, Washington, D.C.: FEMA, 2012. As of April 30, 2019
https://www.rampp-team.com/county_maps/puerto_rico/pr_fis_tables1_rev.pdf
———, FEMA Region II Hurricane Annex for Puerto Rico and U.S. Virgin Islands, Washington,
D.C.: FEMA, 2014. As of April 30, 2019:
https://www.dhs.gov/sites/default/files/publications/FEMA%20Region%20II%20Hurricane
%20Annex%20for%20Puerto%20Rico%20and%20US%20Virgin%20Islands-%20Oc....pdf
199

———, “Federal Flood Risk Management Standard,” 2015. As of April 30, 2019:
https://www.fema.gov/media-library-data/1422649643416-c0ff9e51d11442790ab18b
ae8dc5df4b/Federal_Flood_Risk_Management_Standard.pdf
———, “Freeboard,” webpage, 2018a. As of March 29, 2019:
https://www.fema.gov/freeboard
———, Public Assistance Program and Policy Guide, Washington, D.C.: FEMA, 2018b. As of
March 29, 2019:
https://www.fema.gov/media-library-data/1515614675577-be7fd5e0cac814441c313882924
c5c0a/PAPPG_V3_508_FINAL.pdf
———, “Flood Map Revisions Process,” webpage, 2019. As of April 30, 2019:
https://www.fema.gov/flood-map-revision-processes
Financial Oversight and Management Board for Puerto Rico (Junta de Supervisión y
Administración Financiera de Puerto Rico), “Critical Projects Process,” webpage, 2018.
As of March 29, 2019:
https://cpp.juntasupervision.pr.gov/en/
Florida Department of Environmental Protection, “Examination Fees,” webpage, July 31, 2018.
As of March 29, 2019:
https://floridadep.gov/water/certification-restoration/content/examination-application
-overview#Examination%20Fees
Florida Solar Energy Center, “Green Building Public Awareness Campaign Plan,” webpage,
January 25, 2008. As of March 29, 2019:
http://www.floridabuilding.org/fbc/workgroups/Workgroup_Greenbuildings/GBW_PAC
_Plan_1-25-08.htm
Freudenberg, Robert, Ellis Calvin, Laura Tolkoff, and Dare Brawley, Buy-in for Buyouts: The
Case for Managed Retreat from Flood Zones, Policy Focus Report, Cambridge, Mass.:
Lincoln Land Institute, 2016. As of April 30, 2019:
https://www.lincolninst.edu/sites/default/files/pubfiles/buy-in-for-buyouts-full.pdf
Gies, E., “Value for Sewage? A New Technology Cleans Up Wastewater,” The Guardian,
March 7, 2014. As of April 30, 2019:
https://www.theguardian.com/sustainable-business/value-sewage-technology-clean-waste
-water-ostara

200

Godschalk, D. R., D. J. Brower, and T. Beatley, Catastrophic Coastal Storms, Durham, N.C.:
Duke University Press, 1989.
Government of Puerto Rico, Puerto Rico Aqueduct and Sewer Authority Act (PRASA),
H.B. 4337, 2004. As of April 28, 2019:
http://www.oslpr.org/download/en/2004/0092.pdf
———, “Aviso de Subasta (Demolition of PRASA’s Central Laboratory Caguas, Puerto Rico),”
Subasta Número 19-SP-004, 2018a. As of March 29, 2019:
http://www2.pr.gov/subasta/Pages/aviso.aspx?itemID=2688
———, Draft Revised Fiscal Plan, Puerto Rico Aqueduct and Sewer Authority, 2018b. As of
April 28, 2019:
http://www.aafaf.pr.gov/assets/prasa-revisedfiscalplan-01-24-18.pdf
———, New Fiscal Plan for Puerto Rico: Draft Submission, 2018c. As of April 25, 2018:
http://www.aafaf.pr.gov/assets/newfiscalplanforpr-01-24-18.pdf
———, “Revised Fiscal Plan: To Incorporate Modifications to the Certified Fiscal Plan as a
Result of the Impact of Hurricanes Irma and Maria,” April 5, 2018d. As of June 6, 2019:
http://www.aafaf.pr.gov/assets/20180405-prasa-revised-fiscal-plan-working-draft-as-of-april
-5%2c-2018-v1-final.pdf
Governor of Puerto Rico, Build Back Better Puerto Rico: Request for Federal Assistance for
Disaster Recovery, 2017. As of April 24, 2018:
https://www.governor.ny.gov/sites/governor.ny.gov/files/atoms/files/Build_Back_Better
_PR.pdf
Governor of Puerto Rico and COR3, Transformation and Innovation in the Wake of Devastation:
An Economic and Disaster Recovery Plan for Puerto Rico, San Juan: Government of Puerto
Rico, 2018. As of August 29, 2018:
http://www.p3.pr.gov/assets/pr-transformation-innovation-plan-congressional-submission
-080818.pdf
Grannis, J., V. Arroyo, S. Hoverter, M. Goetz, A. Bennett, J. DeWeese, K. Zyla, and M. Deas,
Rebuilding with Resilience: Lessons from the Rebuild by Design Competition After
Hurricane Sandy, Washington, D.C.: Georgetown Climate Center, 2016. As of March 29,
2019:
http://www.rebuildbydesign.org/data/files/504.pdf
Grupo Editorial EPRL, “Reservoirs of Puerto Rico,” in Enciclopedia de Puerto Rico, San Juan:
Puerto Rican Endowment for the Humanities, 2018. As of March 29, 2019:
https://enciclopediapr.org/en/encyclopedia/reservoirs-of-puerto-rico/

201

Harris, N. L., A. E. Lugo, S. Brown, and T. H. Scalley, “Luquillo Experimental Forest: Research
History and Opportunities,” U.S. Forest Service, U.S. Department of Agriculture, webpage,
2012. As of June 14, 2019:
https://www.fs.fed.us/research/publications/efr/efr_wo1.pdf
He, Xia, Francis L. de los Reyes III, and Joel J. Ducoste, “A Critical Review of Fat, Oil, and
Grease (FOG) in Sewer Collection Systems: Challenges and Control,” Critical Reviews in
Environmental Science and Technology, Vol. 47, No. 13, 2017, pp. 1191–1217.
Horsley Witten Group, “A Model Stormwater Utility for the State of Maine,” Maine State
Planning Office, 2005. As of April 20, 2019:
https://www.portlandmaine.gov/DocumentCenter/View/5381/Report--Model-Stormwater
-Utility-for-the-State-of-Maine
Junta de Calidad Ambiental, Reglamento para el Control de Tanques de Almacenamiento
Soterrados, San Juan: Junta de Calidad Ambiental, 2014. As of March 29, 2019:
http://www.agencias.pr.gov/agencias/jca/Documents/Leyes%20y%20Reglamentos/Enmiendas
%20y%20Reglamentos%20Propuestos/Reglamento%20de%20Control%20de%20Tanques
%20de%20Almacenamiento%20Soterrados/Spanish%20UST%20Regulation%20Draft
%20Final%20Feb%207%202014.pdf
Junta de Planificación, Borrador Anejos Plan Área de Planificación Especial del Carso
(PRAPEC), San Juan: Office of the Governor of Puerto Rico Planning Board, 2013. As of
April 26, 2019:
http://gis.jp.pr.gov/Externo_Econ/Otras%20Areas%20%20Vistas%20Publicas/Anejos%20Plan%20y%20Reglamento%20Area%20de
%20Planificacion%20Especial%20del%20Carso.pdf
Mara D., J. Lane, B. Scott, and D. Trouba, “Sanitation and Health,” PLoS Medicine, Vol. 7,
No. 11, 2010.
Martínez, A., and R. A. C. Ríos Dávila, “Comparative and Operational Analysis of Non-PRASA
Community Water Systems,” 2016.
Massey, K., “Letter from Environmental Financial Advisory Board to USEPA Office of
Enforcement and Compliance Assurance,” 2014. As of April 30, 2019:
https://www.epa.gov/sites/production/files/2014-12/documents/small_water_systems_in
_puerto_rico.pdf
Miller, Trey, Financing the Operation and Maintenance Costs of Hurricane Protection
Infrastructure: Options for the State of Louisiana, Santa Monica, Calif.: RAND Corporation,
TR-1223-OCPR, 2012. As of April 30, 2019:
https://www.rand.org/pubs/technical_reports/TR1223.html
202

National Oceanic and Atmospheric Administration, “A Guide to Assessing Green Infrastructure
Costs and Benefits for Flood Reduction,” May 2015. As of June 14, 2019:
https://coast.noaa.gov/data/docs/digitalcoast/gi-cost-benefit.pdf
———, Quantifying Sewage Contamination into the Environment: A Rapid Assessment in
Support of the Natural and Cultural Resources RSF, May 2018.
National Weather Service, “Preliminary Data,” 2018. As of December 28, 2018:
https://www.weather.gov/sju/averagerainfall
Natural Resources Defense Council, “Threats on Tap: Drinking Water Violations in Puerto
Rico,” Issue Brief, May 2017. As of March 29, 2019:
https://www.nrdc.org/resources/threats-tap-drinking-water-violations-puerto-rico
Ozment, S., T. Gartner, H. Huber-Stearns, K. DiFrancesco, N. Lichten, and S. Tognetti,
Protecting Drinking Water at the Source, Washington, D.C.: World Resources Institute,
2016. As of March 29, 2019:
https://www.wri.org/sites/default/files/Protecting_Drinking_Water_at_the_Source.pdf
Padilla, I., C. Irizarry, and K. Steele, “Historical Contamination of Groundwater Resources in the
North Coast Karst Aquifers of Puerto Rico,” Revista Dimension, Vol. 3, 2011, pp. 7–12.
Patawaran, R., C. Hannah, and G. Miller, “The Efficient Utility: From the Source to Tap and
Back,” Johnson Controls, Inc., 2014. As of April 30, 2019:
http://www.johnsoncontrols.com/~/media/jci/be/united-states/services-and-support/energy
-and-efficiency-services/files/be_wp_waterefficiency.pdf?la=en
Puerto Rico Aqueduct and Sewer Authority, “Descargas Plantas Alcantarillado Año Natural,”
2015. As of April 28, 2019:
http://www.acueductospr.com/INFORMESESTADISTICOS/download/2016/Descargas
%20Plantas%20Alcantarillado%20a%C3%B1o%20natural%202015.xlsx
———, “PRASA Capital Improvement Plan,” webpage, 2018a. As of March 29, 2019:
http://www.acueductospr.com/INVESTORS/Investors_cip.html
———, “PRASA Credit Ratings,” webpage, 2018b. As of April 30, 2019:
http://www.acueductospr.com/INVESTORS/Investors_ratingagencies.html
Puerto Rico Department of Health, Assistant Secretariat of Environmental Health, Puerto Rico
Water Supply Supervision Program Revised Enforcement and Compliance Strategic Plan for
Non-PRASA Public Water Systems, 2015.
Puerto Rico Electric Power Authority, “Fiscal Plan,” 2018. As of January 7, 2019:
https://aeepr.com/es-pr/Documents/Exhibit-1-FiscalPlan_(PREPA)-20180801.pdf

203

———, “Puerto Rico Electric Power Authority Act,” Act No. 83, May 12, 1941. As of June 6,
2019:
https://www.elaw.org/sites/default/files/content_type_law_attachment/Puerto%20Rico
%20Electric%20Authority%20Act.pdf
Puerto Rico Watershed Stewardship Program, Final Report Phase II, November 2008.
———, Final Report Phase III, November 2011.
Rafael, M. T., R. Ronald, and E. Anastacio, “Analysis of Groundwater in Puerto Rico,”
American Journal of Water Resources, Vol. 4, No. 3, 2016, pp. 68–76. As of March 29, 2019:
http://pubs.sciepub.com/ajwr/4/3/3/index.html
Ramirez-Toro, G. I., and H. Minnigh, “Water System Resilience in Disasters: Puerto Rico’s
Experience,” presented at Water Science and Technology Issues for the Nation, WSTB 35th
Anniversary Meeting, National Academy of Sciences, Washington, D.C., December 5–7, 2017.
As of March 29, 2019:
http://dels.nas.edu/resources/static-assets/wstb/miscellaneous/2017/06%20-%20Ramirez
-Toro,%20Graciela%20-%20Water%20System%20Resilience%20in%20Disasters%20
-%20Puerto%20Rico.pdf
Rebuild by Design, “Post-Hurricane Sandy Neighborhood Survey: Principle Findings,” Institute
for Public Knowledge, New York University, 2017. As of March 29., 2019:
http://www.rebuildbydesign.org/data/files/846.pdf
———, “Who We Are,” webpage, 2019. As of March 29, 2019:
http://www.rebuildbydesign.org/about
Reese, A., R. Chandler, and S. Dormody, “Paying for Stormwater—The Benefits of a Utility,”
2015 Green Infrastructure Webcast Series, August 13, 2015. As of April 30, 2019:
https://www.epa.gov/sites/production/files/2015-12/documents/sw_utility_-_combined
_slides_-_aug_13_2015.pdf
Roberts-Lahti, M., “Stormwater Utilities: A Funding Solution for New Jersey’s Stormwater
Problem,” New Jersey Future, September 2014. As of April 30, 2019:
https://www.njfuture.org/wp-content/uploads/2014/09/New-Jersey-Future-Stormwater
-Utilities-Report.pdf
San Diego Regional Chamber, “Assessing the Potential for Stormwater Capture and Reuse,”
2016. As of April 30, 2019:
https://sdchamber.org/wp-content/uploads/2016/08/Stormwater-Summit-Whitepaper
.compressed.pdf

204

Soler-López, L. “Sedimentation Survey Results of the Principal Water Supply Reservoirs of
Puerto Rico,” in Proceedings of the Sixth Caribbean Islands Water Resources Congress, ed.
W. F. Sylva, Mayagüez: Puerto Rico, 2001.
“S&P Pulls P.R. Aqueduct and Sewer Authority’s Bond ratings,” News Is My Business,
August 30, 2018. As of March 29, 2019:
https://newsismybusiness.com/aqueduct-authoritys-ratings/
Tzoulas, K., K. Korpela, S. Venn, V. Yli-Pelkonen, A. Kazmierczak, J. Niemela, and P. James,
“Promoting Ecosystem and Human Health in Urban Areas Using Green Infrastructure: A
Literature Review,” Landscape and Urban Planning, Vol. 81, No. 3, 2007, pp. 167–178.
UNC School of Government, Environmental Finance Center, “Puerto Rico Financial
Management Workshop,” University of North Carolina at Chapel Hill, June 2015. As of
April 30, 2019:
https://efc.sog.unc.edu/event/puerto-rico-financial-management-workshop
United States of America v. Puerto Rico Aqueduct & Sewer Authority, et al., United States
District Court for the District of Puerto Rico, May 23, 2016. As of February 13, 2019:
https://www.acueductospr.com/download/EPA-PRASA/USvsPRASA_3-15_CV
_02283_JAG.pdf
U.S. Army Corps of Engineers, “National Levee Database,” webpage, 2018a. As of March 23,
2019:
http://nld.usace.army.mil/egis/f?p=471:1
U.S. Army Corps of Engineers, “National Inventory of Dams,” webpage, 2018b. As of March 23,
2019:
http://nid.usace.army.mil/cm_apex/f?p=838:3:0::NO::P3_STATES:PR
U.S. Bureau of Reclamation, “Appendix E: LACFCD Dam Hydrology and Cost Estimates,” Los
Angeles Basin Study, 2017. As of March 29, 2019:
https://www.usbr.gov/lc/socal/basinstudies/AppendixE.pdf
U.S. Census Bureau, “Community Facts: Puerto Rico,” American Fact Finder, webpage, 2018a.
As of July 1, 2018:
https://factfinder.census.gov/faces/nav/jsf/pages/community_facts.xhtml
———, “Quick Facts: Puerto Rico,” webpage, 2018b. As of July 1, 2018:
https://www.census.gov/quickfacts/pr
U.S. Department of Agriculture, “Circuit Rider Program: Technical Assistance for Rural Water
Systems,” USDA Rural Development, webpage, 2017. As of April 30, 2019:
https://www.rd.usda.gov/programs-services/circuit-rider-program-technical-assistance-rural
-water-systems
205

U.S. Department of Agriculture, Assessment of Puerto Rico’s Erosion and Sedimentation
Impacts After Hurricane Maria, May 2018.
U.S. Environmental Protection Agency, “Appendix IV: Well Drilling and Pumping Costs,” 2001.
As of March 29, 2019:
http://lobby.la.psu.edu/066_Nuclear_Repository/Agency_Activities/EPA/EPA_Yucca
_Appendix_IV.pdf
———, “Large Water System Emergency Response Plan Outline: Guidance to Assist
Community Water Systems in Complying with the Public Health Security and Bioterrorism
Preparedness and Response Act of 2002,” EPA 810-F-03-007, July 2003. As of March 29,
2019:
https://www.epa.gov/sites/production/files/2015-03/documents/erp-long-outline.pdf
———, Primer for Municipal Wastewater Treatment Systems, Office of Water, EPA 832-R-04001, 2004. As of March 29, 2019:
https://www3.epa.gov/npdes/pubs/primer.pdf
———, Communicating the Value of Drinking Water Services: Using Campaigns and
Community Engagement Efforts, Office of Water, EPA 810-S-15-001, 2015. As of April 30,
2019:
https://www.epa.gov/sites/production/files/2015-06/documents/epa810s15001_0.pdf
———, Drinking Water and Wastewater Utility: Customer Assistance Programs,” EPA Water
Infrastructure and Resiliency Finance Center, 2016a. As of April 30, 2019:
https://www.epa.gov/sites/production/files/2016-04/documents/dw-ww_utilities_cap
_combined_508.pdf
———, “What Climate Change Means for Puerto Rico,” EPA 430-F-16-063, 2016b. As of
April 30, 2019:
https://19january2017snapshot.epa.gov/sites/production/files/2016-09/documents/climate
-change-pr.pdf
———, “EPA Teams Up with Non-Governmental Organizations to Help Restore Drinking
Water to Communities in Puerto Rico,” news release, 2017a. As of March 29, 2019:
https://www.epa.gov/newsreleases/epa-teams-non-governmental-organizations-help-restore
-drinking-water-communities-puerto
———, “Federal State Funding Programs: Stormwater and Green Infrastructure Projects,” EPA
Water Infrastructure and Resiliency Finance Center, 2017b. As of April 30, 2019:
https://www.epa.gov/sites/production/files/2017-05/documents/federal-and-california-sw
-funding-programs.pdf

206

———, “Papelera Puertorriqueña Inc. Superfund Site,” Superfund Program Proposed Plan,
2017c. As of March 29, 2019:
https://semspub.epa.gov/work/02/458472.pdf
———, “Asset Management for Water and Wastewater Utilities,” Sustainable Water
Infrastructure, webpage, 2018a. As of April 30, 2019:
https://www.epa.gov/sustainable-water-infrastructure/asset-management-water-and
-wastewater-utilities
———, “Benefits of Green Infrastructure,” webpage, 2018b. As of April 30, 2019:
https://www.epa.gov/green-infrastructure/benefits-green-infrastructure
———, “Emergency Response for Drinking Water and Wastewater Utilities,” webpage, 2018c.
As of April 30, 2019:
https://www.epa.gov/waterutilityresponse
———, “Facility Registry Service,” webpage, 2018d.
———, “National Primary Drinking Water Regulations,” Ground Water and Drinking Water,
webpage, 2018e. As of March 29, 2019:
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water
-regulations
———, “Superfund: National Priorities List (NPL) Sites—by State,” webpage, 2018f. As of
April 30, 2019:
https://www.epa.gov/superfund/national-priorities-list-npl-sites-state#PR
———, “Civil Cases and Settlements by Statute,” webpage, 2019. As of February 13, 2019:
https://cfpub.epa.gov/enforcement/cases/index.cfm?templatePage=12&ID=3&sortby=&stat
=Clean%20Water%20Act
U.S. Geologic Survey, Estimated Water Use in Puerto Rico, 2010, Open-File Report 2014-1117,
2014. As of March 29, 2019:
https://pubs.usgs.gov/of/2014/1117/pdf/ofr2014-1117.pdf
———, “Current Water Data for Puerto Rico,” webpage, 2018a. As of March 23, 2018:
https://waterdata.usgs.gov/pr/nwis/rt
———, “Reservoirs in Puerto Rico,” Caribbean-Florida Water Science Center, webpage,
2018b. As of March 23, 2018:
https://pr.water.usgs.gov/public/rt/pr_lakes/
———, “Surface-Water Data for Puerto Rico,” webpage, 2018c. As of April 15, 2018:
https://waterdata.usgs.gov/pr/nwis/sw

207

———, “USGS Water Data for the Nation,” webpage, 2018d. As of March 29, 2019:
https://nwis.waterdata.usgs.gov/nwis
———, “Water-Quality Data for Puerto Rico,” webpage, 2018e. As of April 15, 2018:
https://waterdata.usgs.gov/pr/nwis/qw/
U.S. Government Accountability Office, “Superfund: EPA’s Estimated Costs to Remediate
Existing Sites Exceed Current Funding Levels, and More Sites Are to Be Added to the
National Priorities List,” GAO-10-380, May 2010. As of April 30, 2019:
https://www.gao.gov/assets/310/304124.pdf
U.S. Government Accounting Office, “Water Infrastructure: Comprehensive Asset Management
Has Potential to Help Utilities Better Identify Needs and Plan Future Investments,”
GAO-04-461, 2004. As of April 30, 2019:
https://www.gao.gov/new.items/d04461.pdf
Valderrama, Alisa, and Becky Hammer, “Making It Rain: Effective Stormwater Fees Can Create
Jobs, Build Infrastructure, and Drive Investment in Local Communities,” Issue Brief, Natural
Resources Defense Council, April 10, 2018. As of March 29, 2019:
https://www.nrdc.org/resources/making-it-rain-effective-stormwater-fees-can-create-jobs
-build-infrastructure-and-drive
Veve, Thalia, and Bruce Taggart, “Atlas of Groundwater Resources in Puerto Rico and the
U.S. Virgin Islands,” Water-Resources Investigations Report, Series No. 94-4198, 1996.
As of March 29, 2019:
https://pubs.usgs.gov/wri/1994/4198/report.pdf
Water and Sanitation Program-South Asia, Engaging with Citizens to Improve Services, New
Delhi: World Bank, 2007. As of April 30, 2019:
http://www.wsp.org/sites/wsp.org/files/publications/64200711851_SAEngagingwithCitizens
VCPOverview.pdf
Water Mission, “Water Mission Responds in Puerto Rico,” webpage, 2017. As of April 29, 2019:
https://watermission.org/disaster-response/

208

T

he aftermath of Hurricanes Irma and Maria highlighted vulnerabilities in Puerto Rico’s
water sector. Hurricane damages spanned Puerto Rico’s water infrastructure, including
drinking water, wastewater, stormwater and flood control, as well as its water resources.
These damages were attributed to multiple causes: the preexisting vulnerability of the
water sector infrastructure; direct damages from Hurricanes Irma and Maria; as well as

indirect disruption stemming from damages in other sectors, particularly the loss of electrical power.
The recovery plan for the water sector in Puerto Rico involves not only repairing hurricane-damaged
water infrastructure and systems, but also fixing the significant legacy challenges in the water sector’s
infrastructure, operations, and governance.
This report details a framework for a hurricane recovery made up of 30 courses of action
consistent with the government of Puerto Rico’s priorities. These courses of action address key
opportunities for enhancing resilience in Puerto Rico’s water sector, which include upgrading the
physical infrastructure as well as asset management and operational systems, with the objective
of developing systems that are better hardened against extreme events but also more flexible and
efficient. In addition, building capacity among water sector management organizations and personnel
can enhance efficiency, contingency planning, and the ability to take advantage of new technologies
and practices. Improving situational awareness of water sector assets and developing performance
metrics that can be tracked in real time can provide early warning of problems and accelerate
emergency responses.
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