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INTRODUCTION

Infrastructure is central to quality of life and economic development. Households receive a wide range of goods ar
services thnks to infrastructure, including fresh fruit and vegetables, water, electronics, and textile goods. Meanwhile,
infrastructure ca reduce fixed costs of production for businesses, especially costs associated with transportation, whicl
tend to be a determiant of business location. Simply put, infrastructure matters to people and businesses all around.

Puerto Rico is no exceptiofhe quality of infrastructure is essential in the daily lives of the people of Puertpdrido
this was all too evident when Hurricanes Maria and laegastatedthe island in 201. Two years removed from the
storms, rebuilding oumfrastructureremairs a wark in progressUnfortunately, onstant failures in the energy sgsn,
prevalent poor conditions in the road network, and notable deferred maintenance across public buifdpayg daily
functions, mobility and productivityThey serve as vivid minders d the need toincreaseinvestment in infrastructure
employ bettermaintenancepractices, andlevelopsmarter polcy.

The American Society of Civil Engineers (ASCE), founded in 1852, is the oldest nationalnaéesgiteering society in

the United States. ASCE represents more than 150,000 members of the civil engineering profession in 177 countries.
Puerto Rico Section is commemorating its 90th anniversary with the release of the first Report Card fomPudbtgé Q &
Infrastructure. The ASCE Puerto Rico Section has devoted significant personal time in the development of tl
Infrastructure Report Card, in hopes of encouraging smart rebuilding efforts, influencing sound infrastructure policy
keeping the islandampetitive, and improving Puerto Ricans quality of life.

Contained in this report card is an analysis of eight categories of infrastruditidges, dams, drinking water, energy,
ports, roads, solid wasteand wastewater. However, here are other built networks in Puerto Rico that are vitally
ML NI Fyd G2 Lzt A0 &l FSie inkhig RRpod. Sdr éxantple, \EchoolifCilitiéis werddaiticaD
the recovery efforts following the 2017 hurricanasd many of these buildinggeedrehabilitation. Coastal infrastructure
serves tosafeguardPuerto Rico from storms and sea level rise, as walratect the environment andoster economic
longevity.There areother areasof significant conern not covered by this report card, including land use planning and a
lack of @&cess to affordable housing. Thedeallengesare critically important but are outside the scope of this ASCE
Infrastructure Report Card.

Thennmdop ! {/ 9 wSLIZ2NI /I NR T2 dihpte tzd igresidents) ulidessksyand\dblidyin ke (
dzy RSNRGFYR GKS aidladS 2F GKS AaftlryRQa AYyFNI &aidNUzOG dzNB |
to movethe conversation forward about how to rebuild Puerto Rico and improve our ecgraomd quality of life.
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GRADING CRITERIA

The Report Card Sections are based on the following erghbtia:
52Sa GKS AYTFTNI AGNUHzOGdzZNBEQa OF LI OAGe YSSG Oda
AlKEF G Aa GKS Ay TN A (fdaepiyddRendiioEA aGAyYy 3 | YR

What is the current level of funding from &lvels of government for thafrastructurecategory
as compared to the estimated funding need?

What is the cost to improve the infrastructure? Will future funding prospects address the
need?

WhHatisthe2 6 Yy SNEQ FoAf Ade {me 2 LISNI G
infrastructure properly? Is the infrastructure in compliance with government regulations?

¢l gKIFiG SEGSYyG A& (KS Llzo t Addainfrastrui@el @ 2 S
and what could be the consequences of failure?

2Kl G0 Aa GKS AYTFNI aldNHzOGdzNBE aeadsSyQa OF LI 06A
hazard thrats and incidents? How able is it to quickly recover and recomstatical services with minimum
consequences for public safety and health, the economy, and national security?

What new and innovative techniques, materials, technologies,dmlidery methods are
being implemented to improve the infrastruate?
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EXCEPTIONAL: FIT FOR THE FUTURE

The infrastructure in the system or network is generally in excellent conditiquicafly new or
recently rehabilitated, and meets capacity needs for the future. A few elements show signs of
general deterioration that require attention. Facilities meet maustandards for functionality and
resilient to withstand most disasters and sexaveatherevents.

GOOD: ADEQUATE IRV

The infrastructure in the system or network is in good to excellent condition; some elements show
signs of generaleteriorationthat requireattention. Afew elementsexhibitsignificantdeficiencies.
Safeandreliable with minimal capacity issues and minimsik.

MEDIOCRE: REQUIRES ATTENTION

Theinfrastructurein the systemor network is in fair to good condition; it showsgeneralsignsof
deterioration and requires attention. Some elements exhibit sigaift deficiencies in conditions
and functionality, with increasing vulnerability tisk.

POOR: AT RISK

The infrastructure is in poor to fagondition and mostly below standard, with many elements
approaching the end of their service life. A large tor of the system exhibits significant
deterioration. Condition and capacity are of significant concern with strong risk of failure.

FAILING/CRITICAL: UNFIT FOR PURPOSE

The infrastructure in the system is in unacceptable condition with widespreadnaddasigns of
deterioration. Many of the components of the system exhibit signs of imminent failure.
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SOLUTIONS TO RAISE THE GRADE

Qurfuturerdepends on.the ability of-our infrastructure ot only
protect us against increasingly severe storms, touacilitate timely emergency managemenmesponse, and recovery
efforts after a major eventThe esiliencyof all our networkscan be improved byequiring the Central Government and
municipalitiesbuild to ASCE standards, incorporating lifecycle cost analysis into projects, anthioytaining our existing
assetsTaking these actionsill extend theuseful lifeof our assets and decrease costs in the Hern.

Infrastructure
development is a longerm endeavor with significant impacts on economic growth and competitiveness. Puerto Rico
should formulate a general Infrastructure Phaith clear priorities and strategies tachieve them. This plashould be
approved by the Legislative Assembly but be develogitl limited political interferenceln the international area, the
Caribbean region has some successful examples sifmilar approach. For instance, in 2012 the DommiRapublic
adopted their National Development Strategy 2030, which is afenyg plan for development that was enacted into law
to ensure continuity in its implementation. The National Development Plan 2030 for Dominican Republic has cle:
infrastructuregoals and indicators.

A lack
of programmed funding for theomprehensivenaintenance obur existingroads bridges,energy,dams and othecritical
networkshasseverelyimpacted the lifespan of these asseBeveloping comprehensive asset management datab&ses
a critical first step, as these databases can help determine total funding and maintenance beekisg ahead,
infrastructure ganning, designingand constructingshouldconsiderthe total cost of operating an asset over its lifespan.
Resilency and sustainability must be factors in determining lifecycle cdstssons learned, unique Puerto Rico
characteristics, andimate change shouldlsobe considered.

Many2 ¥ t dzS NI 2 vhavetdodeiedhriic8ekp@ist® dperate the infrastructure in
accordance with regulations and customer expectatiofhdditionally, institutional knovedge is not codified in the
agency, butristead may bédost when individuals retire or resigiVe need toimprove the continuity of the workforce
trainingto operate and maintain our roads, solid waste, drinking and wastewater infrastructure

An estimatedr40 te 60%/ ofstorage capacity in water
reservoirs is lost due to sedimentation build up. Additionally, an estimatedd®%n-revenue wateiis lost as a result of
leaky pipes, tank overflows, and other issuds.a resultresidents are subjected to water rationing nearly every year
despite significant annual rainfallo fix this, we need sediment management in reservoirs to restore capacity, intbrove
metering oftreated water, betterdata collection to deterrime the condition of pipelinesand a more reguldine renewal
and replacement programidditionally, newfundingand financing should be secur&dm all levels of government.

Landfills on Puerto Rico are often lacking an
updated permit orare unregulated, resulting in nenompliance with Environmental Protection Agency standards.
Capacity is also a majonallenge, exacerbated by the debris from the 2017 hurricane season. Looking ahead, policymake!
must close open dumps, expand landfills in compliance, monitor closed landfills, increase staff at the Department ¢
Natural and Environmental Resources, @ndmote recycling and composting.

Most roads in Puerto Rico arewned bymunicipalities which oftenlack
sufficientfunding, robust data, andthe in-houseexpertiseor technical expert$o build, rebuildand maintainroads to
acceptable standards
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Economic Aalysis

This section of theASCReport Card provides an overview of current infrastructure conditions in Puerto Rico and levels
of investment acrosgie infrastructure sectors.

According to the Construction Industry Selecttdtistics Report, total investment in infrastructure has been trending
down since fiscal year 2000.

In fiscal year 2000, the value of construction in infrastructure reached a peak of $2.04 billion. Sutbsegus reveal a
downtrend to a low of $983.#illion and $1,210.3 million in fiscal years 2017 and 2018, respectively. These are decline:
of over 40% with respect to fiscal year 2000. The graph below shows the trend in infrastructure investmentidst the
twenty-four (24) fiscal years in PuertocBi

Trend in Investment in Infrastructure
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To put matters into context, it is important to understand the level of investment in and around fiscal year 2000. The
YI22NRGe 2F Ay@SadyYSyd 2 Ftion pidt NdouredinXigoat year 20004 Wikchi coisciiesl Wikh &
other signifiant investments by the private sector. Simultaneously, public investment remained at healthy levels in
different infrastructure installations.

Eighteen years later, the scemarvas a much different one. In fiscal year 2018, total value of construtiafrastructure

had dropped 41% compared to fiscal year 2000learer picture can be obtained by analyzing total investment into public
and private investment. In fiscal ye2018, the value of private and public construction activity into infrastieetwas

down 31% and 51% compared to the level in fiscal year 2000, respectively. The data show that public investment,
particular, has been in a steep decline since fiscat 2888. Meanwhile, private investment in infrastructure remained
low for mog of the first decade of 2000s, and it was not until fiscal year 2010 that it experienced a notable increase.

In general terms, public investment played a dominant role betwiessral years 2003 to 2008, while private investment
slumped to meager level After reaching a peak in 2008, public investment has constantly declined while private
investment took a boost between fiscal year 2010 and 2012. This trend appears considtemertain policy and
economic fundamental shifts in Puerto Rico. Fiscary#008 marked the beginning of the Great Recession. Fiscal
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constraints in Puerto Rico became more evident, which led to a decline in public investment, and forced a more systema
effort to encourage private investment to compensate for the inabilitgafernment to allocate funding and financing
into infrastructure including capital improvements.

Trend in Public and Private Investment in Infrastructure
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The trend based on data from fiscal years 2000 to 2018 resersdin key lessons about infrastructure investment in
Puerto Rico. First, fiscal year 2000 marked the end of a brief period of boosted public and private investment in Puer
w A O 2 ssiructhirg. Bukdequently, between 2002 and 2011, the share of primegstment declined dramatically, and
only since 2018 has there been a slight jump in private expenditures. Finally, since 2008, public investment has dragc
the entire level of infrasticture investment in Puerto Rico to historic lows. In short, inwesit in infrastructure from
both public and private sources have lagged since 2000.

ASCE asks that investment in infrastructure constitute 3.5% of G HA G A O t NP RdzOG o0aD5t ¢
consistent with internationally accepted rule of thumb that at least 3% of GDP should be devoted to infrastructure
investment in advanced econues in order to keep infrastructure updated.

On average, federalfate and local governments in the U.S. spent 2.4% of GDP on infrastructure investment, below the
recommended threshold. However, investment in infrastructure only amounted to 1.2% oPG&#® Rico in fiscal year
2018. In fact, significant divestment imfiastructure has occurred for a prolonged period of time. On average, Puerto Rico
has experienced a level of investment in infrastructure of just 1.5% of GDP from fiscal year 2004. tei&€al year 2018,
contains the month of September 2017, when PodRico was hit by Hurricane Maria, the most devastating hurricane in
recent history in Puerto Rico. Thus, the data in these series only includes a small portiontéfipastne Mariagcovery
spending. The last time investment in infrastructure reache®l3% GDP mark, was in fiscal year 2000, when Puerto Rico
recorded a level of investment equivalent to 3.3% of GDP. The graph below shows the trend in investment level as
percentage ofSDP.

)T OAOOI AT O ET )1 Z#OAOOOOAOOOA BRO A
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investment gap that ranges from 1.3% to 2.3% of GDP. laratlords, on average, Puerto Rico needs to increase
infrastructure inestment by $1.3 to $2.3 billion annually in order to reach a desired range of25%0of GDP. Sustained,
robust investment in infrastructure will allow PuerRico to address presgimeeds across infrastructure sectors.

Furthermore, increased levef investment in infrastructure will provide support for economic growth. The existing levels
of infrastructure investment are not associated with an expanding economy. The graph bettrayp a graphical
relationship between infrastructure investment attte evolution of GDP.

Indexed Investment in Infrastructure versus GDP
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of infrastructure investment has been dathg constantly since fiscal year 2000. Although the downtrend can have
various explanabns, the constraints in public finances and credit have had the largest dragging effect on infrastructure
investment. However, a policy of encouraging complementalgsrbetween public and private infrastructure investment
can lead to increases in inftascture in a sustainable manner. Puerto Rico faces a notable infrastructure investment gap
that can be mitigated by raising the level of attention and enacting jglittiat gives infrastructure a renewed sense of
priority in the public debate.

1. Puerto Rico Planning Board, Selected Statistics of the Construction Industry, Table-201894 Data series
constructed by the authors to reflect the adopted afefion of infrastructure.

2. Puerto Rico Planning Board, Selected Statistics of the Cotistrundustry, Table 1, 1992018p. Data series
constructed by the authors to reflect the adopted definition of infrastructure.

3. Puerto Rico Planning Board, Statiatidppendix 1994 2018p and Selected Statistics for the Construction
Industry 19942018p

4. 2 NR w2YL) YR WFE1206 RS 1 IFIFy> &t dzof A O Pérdpédvénidér | y R
Wirtschaftspolitik vol. 8, no. 5 (April 2007), pp-52.
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Bridges D+

According to the Federal Highway Administration, there are 2,325 bridges in Puerto Rico. Of those bridges, 11.7 perc
areinpoorO2 Y RAGA2Y S FyYR |LIWNREAYIFGSt& cdp LISNDOSYyd INB Ay 7
322R O2yRAGAZ2Y® ! RRAGAZYIFff@eX tdzSNIi2 wiaid2 Aa K2YS G2
bridges, with two in theop 10. Hurricanes Irma and Maria further exacerbated the precarious fiscal situation of Puerto
wAO02Qa KAIKgle& |3Syo0éd ¢KS tdzSNI2 waod2z2 |1 A3JKgl&a g ¢ N
reassign regular maintenance funding to assetovery due to widespread damage. Furthermore, planned capital
improvement projects were put on hold to allow agencies to prioritize emergency repairs to bring damaged infrastructure
back online. Looking forward, a robust maintenance program must be ledtatl and funded that prioritizes improving
resilience and rehabilitating aging bridges.

Bridge facities are owned and serviced by state, municipal/county highway agencies as well as the state toll authority
Table 1 shows the breakdown of bridge ownership in Puerto Rico.

Bridge Owner Frequency Percentaye (%)
Municipal/County 374 16

State Highway Agey 1,632 70

State Toll Authority 312 13.4

Other (Private Owners) 16 0.7

Tablel Bridge Ownership in Puerto Rico (Source: Adapted from PRHTA)

The National Bridge Inspection Standards (NBIS) requires bridge inspections at a minimum of every two years. Puerto F
compldes bridge inspections in compliance with NBIS, but some structures may be inspected more frequently (e.g., 6, :
or24months) § LISY RAY 3 2y (GKS ONARRISQa O2yRAGAZY O

The National Bridge Inventory (NBI) of 2018 classifies bridges as in good, fair conditios. Bridges in good condition
present minor to no problems, while bridges in fair condition can show some minor detesioratiacking, scour or
spelling. Bridges in poor condition show signs of advance deterioration, spelling or scour. In Ruzet® parcent of the

bridges and culverts in Puerto Rico were classified in good condition, 69 percent were classified iliiadncand 11.7

percent were classified in poor condition.

m Poor
m Fair

Good
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Figure2 Bridge Conditions Rating (Source:-RBHTA, 2018)
Structurally deficient

bridges are bridges thakquire significantnaintenance, rehabilitation, or replacement. These bridges must be inspected
at least every year since critical leadrrying elements were found to be in poor condition due to deterioration or damage.
Approximately 11.7 percent were osidered structuraB RS TAOASY GZ | Of F aaAFAOLI GAZ2Y
FRRAGAZ2YZ tdzSNIIi2 wAioOo2 A& K2YS (2 F2dzNJ 2F (KS ylLiA2yQ
being among the top 10. A structurally deficidmidge does not meaits unsafe, but that the capabilities of the structure

are limited, and must be monitored. The designation has a financial impact for the overseeing agency.

Age can also be an indicator of bridge condition, although bridge lifesparsecextended throgh regular maintenance.
¢CKS @SN IS |3S 27F t dzS NIsHghtly aldertiad thedUNSfare G dridgezagernipd3 yedd, peb
P{/ @&t LYFTNI A0GdNUOGdzNE wSLEZNI /I NR® a 2ldespan2oF50 je 30 dd2 dzy
increasing number of bridges will soon need major rehabilitation or retirement. Currently, 37 percent of the bridges ir
Puerto Rico have reached a service life of 50 or more years, and 21 percent of the bridges have reachied Bfes
between40 and 49 years. Bridges of this era often reach the end of their service lives at 50 years of age, especially wh
regular repair and maintenance does not occur. By 2030 at least 1,400 bridges will be 50 years or older, representi
approximately 60 percg i 2F t dzSNIi2 wAO2Q&a ONARIS AydSyiliz2NERO

0 100 200 300 400 500 600
Amount

Bridges

Figure 2 Service.ife Distribution of Bridges in Puerto Rico (Source: PRHTA)

In addition to nearing or surpassing their service lives, bridge conditions are worsening due to the expogirdoaidsi,

poor maintenance, and scour. Under Puerto Rican law, trucks can weigh up to 110,000 pounds, compared with U,
mainland regulations, which generally allow for up to 80,0001Ib trucks. High loads may result in more damage to bridge
and roadways, wigh increasestte amount of funding needed to perform routine operation and maintenance.

l RRAGAZ2YFEt@Y YIye 2F tdzSNI2 wiO2Qad oNAR3ISA KIFS LINE
forceful flow of water in a watercourse over tHfeundations ofa bridge that removes the soil or rock around and
underneath the foundationHeavy rains during Hurricanes Irma and Maria in 2017 resulted in increased scour arounc
many bridge foundations. Overall, scour and structural deficiencies areptaldems withbridges that PRHTA needs
proper funding to address immediately.

INFRASTRUCTUREREPORDM@RG/PUERTRICO |13
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With the exception of the 123 bridges operated and managed by the private company Metropistas, operation anc
maintenance (O&M) of bridges is gendyainanaged by the state government or municipalities. In past years prior to
Hurricane Irma and Maria, theansportation infrastructure plan prioritized bridges in critical condition using the following
criteria: presence on the NHS list, traffic volurs@tus as fracture critical, and sole provider of access to a region.

O&M of bridges in Puerto Rico hasdmegreatly hampered by the economic distress, a lack of personnel, and inadequate
access to technology at the managing agendiksricanes Irma aniaria further exacerbated the situation as agencies
were forced to reassign regular maintenance fundinggteet recovery due to widespread damagetthermore, planned
capital improvements projects were put on hold to allow agencies to prioritize emeygepairs to bring damaged
infrastructure back online.

PRHTA has a standard operation procedure for brjigject prioritization, a systematic preventive maintenance protocol
for bridges, and it has a bridge preventive maintenance selection toolkitlacklist. However, in past years, the annual
budget allocation for bridge work was $17 million, while tiwst to replace one square meter of bridge is approximately
PoXmMpnd® twl¢! glka 2yfe ofS (2 | RRNEB 3 @rcingdhen to plaSeNdddges i
on the Critical Bridge List. However, PRHTA has just recently receivestansiabbridge budget increase and is pursuing
an aggressive bridge program based upon life cycle strategies.

A significad Yy dzYo SNJ 2F t dzSNIi2 wAa02Qa oNRR3ISE KIS ISR LI 3
approaching the end of their service lives. As a result, robust funding is needed for bridge replacement, preservation, ar
rehabilitation. The 10year condition targets is to hawa least 10 percent of NHS bridges in good condition and no more
than 10 percent of NHS bridges in poor conditid@urrently 18.5% NHS bridgese in good condition, however, bridge
preservdion and rehabilitation is important tonaintain and increase the bridges in good condition.

Basedon a proposed $738 million dollar investment from 2012028, RHTAmay achievecondition targets neathe
end of thelO-yearassetmanagement plan periadHowever there are risk considering the proposed plaat may alter
the expected resultsThe proposed plan does not accotiot continued inflationoverthe 10year periognor interruption

of funding allocated for the bridge prograrithe longterm commitment of bridge preservation, rehabilitation and
reconstruction pojects are essential to aceving the desired results

Funding is provided by both thederal government and the central governmeiftuerto Rico increased revenue for
GNF YALRNIFGAZ2Y | a Llmdtaé 2 B @iilitatn Mp ABBR K8 X YLIBNA G NRA T
to $15.50, which went into effect on March 15, 2018ith this, the Puerto Rico government aims to collect about $185
million in taxes that would allow it to subsidize tRRHTA and stabilize itsdimces. One of the purposes of this law is to
financially assist PRHTA while also reducing its debt.

Federd funds are a critical financial resource for Puerto Ridwese funds are channeled to Puerto Rico through the
Federal Highway Administration (FHYMAr highway projects and through the Federal Transit Administration (FTA) for
mass transit projects. Th&fRS NI f I2FSNYYSyidQa akKkFNBE 2F | LINR2SOG Aa
of the interstate system.

In 2015, the federal @S NY YSy (i LI aaSR GKS CAEAYy3 ! YSNAOI Q& { dzNFI O
for surfacetransportation infrastructure through September 2020 nationwide. Through this bill, the Federal Highway
Administration (FHWA) and the Federal Tiamggency (FTA) provide PRHTA with $158.8 million per year for NHS
roadways. NorNHS roadways can receivelézal funding from Surface Transportation Block Grant or Federal Emergency
Management Agency in emergency cases.

INFRASTRUCTUREREPORD@RG/PUERTRICO |14
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5SUGSNNYAYAY 3 t dgPdican bevdoroxdicatéd foF asdRd tyat include:

1. Puerto Rico is a nonincorporated territory. This means federal funding is determined by a different formula
than the states. It is worthwhile to investigate the differesand benefits between these foulas.

2. In Puerto Rico, transportaticrelated taxes and fees are not constitutionally dedicated to transportation
purposes. Moreover, this revenue stream is sometimes redirected to other pressing situations not related ta
transportation.

3. Ongoing and propsed projects of PRHTA are financially based on toll credits from the federal government
or emergency relief funding. State government provides a minor part of the budget allocated.

Bridges farednuch better than other componeét 2 F t dzSNIi2 wA O0O2Q& A Yy FNI &G NHzOG dzt
Maria. In general, bridges on the island withstood the wind forces of both hurricanes, and major problems were instea
caused by high waters and debris acwilation.

Moving forward, it $ important to learn from the experience of Hurricane Maria while also considering other natural

disasters such as tsunamis and earthquakes. New designs should incorporate consideration of increasing frequency
severity d natural disasters, sea levése, and the side effects of extreme weather such as scour and impacts of debris to
infrastructure in their designs.

Another challenge to bridges relates to truck weights. Puerto Rico has one of the highest truck loaitegen the
United States andonstant load pressures on bridges cause fatigue to structural elements. Consideration of the highe
weight allowance must be accounted for when designing new bridges, maintaining established structures, and plannir
or devdoping routes that incorporatedavy truck loads.

Puerto Rico must also develop life cycle approaches that accounts for bridge rehabilitation and renovation maintenanc
programs to extend the service life of bridges. Having a-teng commitment to robist maintenance programs, leading
edge materials, techniques, designs, and infrastructure management databases can extend the useful life of bridges wt
lowering the longterm costs.Committing to fund the maintenance programs and adopt complete lifeecgpproach
should be a priority.

Based on the current condition of the bridge infrastructure in Puerto Rico, and the importance of upgrading the syster
to improve safety to all road users, the following recommendations are made:

1. Adequate funding is needed to implemenepentive maintenance programs immediately and stop further bridge
deterioration.

2.t NEOARS | RSIjdzZ 4SS FdzyRAy3I G2 AYLX SYSyd oOoNARIS NBLIX
plan proposes a $738 million dollars investment over 10 yearsndsag post hurricane Maria inflation will not
continue.

3. Enhance and maximize these of federal funds.
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meaning failure would likely result in a loss of life. Istande, all the higkhazard potential dams have emergency action
plans (EAP) in place, although only 35 percent were exergisedtestedq in the past five years. While 81 percent of
dams in Puerto Rico are reported to be in satisfactory condition, thie stam safety office lacks the funding to do
comprehensive seismic and hydraulic studies and other analysis that is needed to more thoroughly determine the curre
conditions, risks, and necessary retrofits of the dams. Additionally, dams owners requitieguto perform retrofits
deemed necessary if discovered during those inspections. Meanwhile, sedimentation posesterrtorigreat and
impacts the ability of dams to store enough water to serve residents during dry seasons. Several of the most importal
water supply reservoirs have lost between 30 percent and 60 percent of their capacity due to sedimentation. With a larg
number of dams aged 50 years or more and predicted increases in flooding, additional funding is required to mitigate tr
risk of dam &ilure, especially for dams within the North Coast water supply network.

Figure3: Puerto Rico Highlazard Potential Dams

There are 37 dams efarious sizef Puerto Rico; 36 across rivers oftinterior mountain region and one located on the
east coast of the island (Figure The dams provide services such as flood control, hydropower, and reservoirs for
agricultural irrigation, recreatiorand potable water. Just 11 dams contain approximaéal percent of the drinking water
sources for the Puerto Rico Aqueduct and Sewer Authority (PRA8Axverage age of dams is 66 years old. Seven are
sedimentfilled and without maintenance and no longrilfill their intended design.

Most dams are owed and operated by statewned utilities, the P.R. Electric Power Authority (PREPA), the P.R. Aqueduct
and Sewer Authority (PRASA), or state and local governments (FigiteeZpam and Reservoir Safétgpection and
Regulation Unit, a division within ERA, is required to inspect each dam at least once every three years to identify
structural and maintenance problems and needs. Their constructed capacity was 375,446etcmehich has been
reduced t0287,983 acrdeet due to sedimentation (about a 2&pent reduction).

Of the stateregulateddams, 36 are highazard potential (97 percentp highthazard potential classification indicates
that dam failure or misoperation would likely resultlass of life and significant economic damages. The reigidam
(Icacos) is classified as knazard potential, meaning a failure or ruperation results in no probable loss of human life
and low economic and/or environmental losses.
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Dams Ownership

Utility
63%
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CAPACITY
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day (mgd) of the raw water used by PRASA, which constitutes 67 percentbfatiel Yy RQa RNAY 1Ay 3 ¢
provide approximatel 40 mgd of water for agricultural irrigation in the northern and southern coastal valleys. In addition,
they provide water to generate approximately 1.8 percent of the electric power producé&RBPA and support flood
control in the Portugués, Cerrillosjies and Dagliey basins.

The accumulation of sediments in reservoirs has reduced the storage capacity of all dams. Capacity has been reducec
more than 50 percent at the Dos Bocas, Loco, Loiza and Lucchetti dams. The baseline total capacity wamgghproxi
375,410acrefeet bu was reduced to 287,983 acfeet before Hurricane Maria. This represents a 23.3 percent decrease
and a rate of sedimentation of 4.7 aefeet per year at the El Guineo Dam to 277 afget per year at the Dos Bocas
Dam. High sdimentation rates occur ithe north and east basins of the island where the rainfaligé,and the basins

are more developed.

LT GKS OdNNByiG aASRAYSY(GlGA2y NIGS O2yliAydzSas GKS RI Y
their ability to generateénydroelectric power and store drinking water. This is the case for the Dos Bocas reservoir, whos
capacity (preMaria) was reduced by more than 60 percent due to sedimentation. Furthermore, given its current
sedimentation rate,ife expectancy of the DosoBas reservoir is less than 35 years. The Dos Bocas reservoir, along with
Caonillas and four others, is a part of the North Coast Superaqueduct which supplies more than 50 mgd drinking water
approximately 600,000 residentstime region. Other dams witlow life expectancy include Loco, Loiza and Lucchetti with
fewer than 15, 45 and 50 years, respectively.

. 801 dAS I REYQA KERNRSESOUNRO 3ISYSNI GA2Y LISNF2NXYIFyYyOS
dams affects electric generatn. The installed hydroelectric energy generation capacity for the dams is 101.2 megawatts
(MW). However, generation capacity has been reduced to 35 MW. Damage from hurricane Maria accounts for 31 MW
this reduction with the renainder attributed to laclof maintenance.

CONDITION
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The National Inventory of Dams (NID) lists 36 state regulated dams in Puerto Rico. The majority, 24, are owned by st

controlled public utilities (PREPA or PRASA). Additionally, eight are ownleel lbgdl government, one liae state and
three are privately owned. The final dam in Puerto Rico is small enough that it is not listed in the NID.

All of the state regulated dams are of highzard potential, the Dam Safety Performance Report statesZfaire in
satisfactory codition, four are in fair condition, two are in poor condition, and one is not ratimlvever, the Dam Safety
Performance Report is based on stg@vided information. Currently, dam conditions are being assessed through visual
inspections. Due to budgebastraints, the Dam Safety Inspection is limited in its ability to perform a diversity of studies
such as seismic, hydraulic, stability, risk assessments, among other that are required to fully understand the curre
conditionsto thoroughly determine theirisks and necessary retrofits of the dams.

It is important to perform thorough analysis in timely manner to the dams, especially dams that are at least 50 years ol
(Figure 3).L {likely that some old dams were built withbthe seismic risk countereasures, thus requiring more
resources for thorough analysis in timely manner and retrofitting budget. However, in instances in which studies ar
conducted, they could take years also due to limited the budget.

OPERATION AND MAENANCE

On July 15, 1986, Law 133 was amended to requiss
all dams be fully inspected at least once eve
three years. The inspectiomage carried out by the
Dam and Reservoir Safety Inspection a
Regulation Unit of PREPA. While the public
available 2019 NID reports that 10 inspections &
out of date, NID information can take month t
NBEO2ftftSOG FyR F33aNB3I
possible that most or all dam inspections are up
date.

The maintenance and operation of the dams
Puerto Rco isrisk-based. This means that th
priority for repair is given to structures that pos
the greatest risk. However, a comprehensi
assessment program is needed to focus
identifying deficiencies and prioritizing the repairs
and mitigation measures.

Most of the dams have one operator during regular business hours (7:30A80PM). For dams primarily used for
hydroelectricity, the operator is located in thgydrogeneratiorplant and makes visits as necessary. Because some of the
operators are nearingetirement age, it would be beneficial to create a knowledge retention program to seamlessly train,
and transfer experience and knowledge, to future operators.
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Figure5: Dams by Completion Date (from NID)

Dam failire threatens public safety and poses millions of dollars in economic loss via property damages. Failure is n
limited to damage to the dam itself, but also impacts infrastructure systems, such as roads, bridges, and water systen
While no dam ha ever &iled, from 1985 to 2017, there were three notable dam incidents, one of them causing loss of life
and heavy damage.

Puerto Rico Law 133 was amended to require all dams be fully inspected at least once every three years. These inspect
are caried outby the Dam and Reservoir Safety Inspection and Regulation Unit of PREPA. Dam safety inspections are
primary tool for avoiding accidents. However, for at least 10 of the dams registered in the 2019 NID, the last inspectic
date is more than thee yearsold. As previously mentioned, thimformation reflected in the NID may take months to
update, so inspection numbers may be out of date.

Once an emergency situation becomes imminent, such as a dam failure or uncontrolled rEl@asgency Action Plans
(EAPSs) are put into action. Each dam has an EAP to standardizes procedures in case of a breach or failure and include:
of agencies to alert, together with and flood inundation maps informing emergency personnetisk areaghat may
require evacution. After an EAP has been developed, it must be exercised by practicing the procedure, and it require
regular updating.

All 36 high hazard dams in Puerto Rico have an EAP. However, according to the 2019 Dam Safety Perfqronbfoze Re
Puerto Rico, oly 35 percent of EAPs have been exercised in the past five years. After Hurricane Maria, an EAP w
executed for the Guajataca Dam.

Currently, Puerto Rico has legislation to formalize methods for dam inventory, hazard classificet@ction, design,

and condition assessment. Removal of obsolete and decaying dams that do not meet dam safety standards is n
considered in this legislation. Therefore, the state needs additional resources to increase staffing levels in the PREPA
PRASA to properly asseand manage dams.

Investment is needed to rehabilitate deficient dams and to improve the effectiveness of dam safety policies and regulatol
programs. Occasional upgrades or rehabilitation to dams are negessa to deteriorationgvolving technical standards,
technical improvements, progress in weather forecasting, increases in downstream population, and changes in land us

INFRASTRUCTUREREPORDM@RG/PUERTRICO |20




O WY ze:2
BT\l | MUy

REPORT CARD FOR
U

According to the Puerto Rico Dam Safety program, the total state dam safety biadg2218 was $230,686lhis is
equivalent to $6,234 per regulated higfazard potential dam, which is higher than the national average of approximately
$4,000.l 26 SHSNE t dzSNI2 wAaO02Qa RIFEY al ¥Sie adghivaldt toGevgnasat i a
regulaed high hazard dams per FTE, which is below the national average of 3@alz@iu potential dams per FTE for
state inspected dams. The Puerto Rico Dam Safety program is well above the national average in terms of budget ¢
staffing per dam, but reguldanspections are not necessarily being completed and dam owners have very limited budgets
for maintenance and repair.

However, more funding is needed to address the existing sedimentation of dams, especially those critical bogstiEply

A af |y R QwateR &lespécimlly important role during droughts and dry seasons. As an example, an annual dredgi
program to mitigate the sedimentation issues for up to 20 years could cost $15 million per dam that provides drinkin
water. However, immediate costof dredging Carraizo, La Plata and Caonillas reservoirs, is approximately $250 millior
combined. The cost of temporary repairs to the Guajataca dam caused by damages from Hurricane Maria is $80 millio

Increased funding is required to properly assesdains. Many dams need a comprehensive assessment, which includes
hydrologic and hydraulic studies, seismic risk, and structural stability, among other factors, to fully determine the exten
of their risk.It is estimated that implementing a solution to dss identified deficiencies, which can include redesign,
could cost up to $1 million per dam.

A resilient system recovers rapidly from challenges imposed by physical andn@dcofamtors, like hurricanes and
droughts. Since major use for dams is water supg@nd droughts are continuously getting worse, it is imperative dams
be resilient. The water supply in the north and eastern regions is severely impacted by the drooigétsrfple, in 2015,
a drought forced hundreds ohbusands of users in these regions to be limited to two days of water service per week.

Most dams were constructed before the 1960s. For these structures to be resilient, they must be assessed, ugnguladed,
retrofitted. Furthermore, it is likely that FUNIi 2 wA 02 Qa RIYa FFNB y2d RSaA3aySR
study and subsequent corrective measures must be undertaken.

Sedimentation creates capacity and lifespan challenges to locdtimfginvater supplies. Although dredging reservoirs
could help increase their capacity, it will not permanently solve the problem. Additionaleffestive and longerm
mitigation measures must be implemented. One solution is the reconnection of divetsiatisincrease the yield to the
superaqueduct, asst with the north coast water supply, and minimize future sedimentation.

Another proposed measure is the implementation of a yearly dredging plan to remove sediment at a rate greater than th
sedimentation rate. This practice would reduce overuse ofasar and ground water, including the drawdown from
reservoirs during dry seasons.

Another possible solution to problems such as sediment transportation, water capacity, hydroelectric genenadion,
others, is to evaluate and model the installation ofy@taulic barrier system. The installation of these barriers in strategic
locations reduce the flow of sedimetrapping itbefore reaching the dams. The sediment is then removed periodically by
mechanical means. This tactic could help reduce the sedimientaste of the reservoirs.

There are multiple solutions for current infrastructure challenges. fbhmation of a committee consisting of the Corps

of Engineers, the Bureau of Reclamation alaiiy the owners (PREPA, PRASA, Natural Resources Depaaimdetite
Puerto Rico Government), and experts could help provide technical assistance for dams infrastructure. Using tt
multiagency taskforce to implement resilient, innovating and sustainablietions could be the key to improving the
overall grade. Magover, the technical assist that can provide federal agencies may alleviate economic burden in loce
agencies/staff.
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Figure6: Guajataca Dam (photo by US Army Cordsmafineers)

1. A committee consisting of the @us of Engineers, the Bureau of Reclamation along with the owners (PREPA,
PRASA, Natural Resources Department and the Puerto Rico Government) should be formed to implement strate
plans, provideechnical expertise, and assist with the rehabilitationté dams.

2. Increase the funding associated with operations and maintenance, rehabilitation, and the implementation of the
mitigation measures. Explore innovative solutions that increase capadityifagpan with long term and cost
effective mitigation meases that do not rely in dredging alone.

3. Increase the resiliency of the dams with proper management, operadiot inspection along with frequent EAP

testing (rehearsals).

Increase funding focomprehensive studies to fully assess the current condition.

Crate a knowledge retention program to seamlessly train, and transfer experience and knowledge, to future

employees. This pathway program will help conserve best practices and lessons leaouggh tine years.

6. Rehabilitate, maintain and maximize the udehgdropower resources in the system.
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