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The lead federal agency responsible for the planning and design of a flood risk management project, 
including addressing the National Environmental Policy Act (NEPA) requirements is the U.S. Army 
Corps of Engineers (USACE). This report is an Integrated Feasibility Report (IFR), combining a 
feasibility report and a draft Environmental Assessment report (EA) complying with requirements of the 
federal Council on Environmental Quality (CEQ). An asterisk in the table of contents notes sections that 
are required for NEPA compliance. 
 
Abstract 
 
This Draft Integrated Feasibility Report (IFR) presents a feasibility study for addressing flood risks to the 
communities within the Rio Guayanilla floodplain. Documentation includes the development and 
assessment of various measures and alternatives to address specific study objectives while considering the 
effects to the human and natural environments. Documentation was developed to a feasibility level of 
detail sufficient to determine the most cost effective and environmentally compliant plan(s), which is 
termed the Tentatively Selected Plan (TSP). Additional detailed design, cost estimating, and effects 
assessments would be completed for the TSP should significant information or concerns be received from 
this public and resource agency review, as well as from concurrent internal technical reviews. Each of the 
alternatives, including the TSP, were formulated to be complete, effective, efficient and acceptable.  
 
The study area is located in Guayanilla, Puerto Rico, beginning near highway PR-2 and continuing until 
the river’s confluence with the Caribbean Sea. Preliminary analysis shows that flooding overtops the 
existing natural river channel of Rio Guayanilla in the study area at the 0.5 annual chance of exceedance 
(ACE) storm event (which corresponds to a 2-year storm event). In the study area, there are 
approximately 8,800 residents and 1,665 public, commercial, and residential structures at risk of 
inundation. There are also approximately 400 acres of agricultural land at risk of inundation. Analysis 
shows the 500 year (0.002 ACE) event would cause an estimated $270 million in structural and other 
damages. Study analyses focused on various diversion channel types that would divert flood waters 
greater than the 2-year ACE flow around the Town of Guayanilla to the west. 
 
Of the three action alternatives, Alternative #3 Diversion Channel South w/ Single Line Protection is the 
TSP, supported by non-structural Alternative #1 Non-Structural Measures (flood warning & natural 
channel conveyance). This plan generally includes an engineered diversion channel, a robust diversion 
structure, a levee along one side of the diversion channel, bridge modifications, berms, a rock quarry, haul 
roads, staging, and disposal areas. As a result of nature based features and conservation measures 
included in the alternative to minimize and mitigate project impacts, the TSP will not have a significant 
impact on the human environment.  Compatible nonstructural measures (Alt #1) were also included in the 
TSP for debris clearing within the natural channel of the Rio Guayanilla and to implement a flood 
warning system to reduce the life safety risk associated with flooding in the project area.  It is estimated 
the TSP would reduce average annual expected damages by $18.8 million.  
 
The estimated first cost of the TSP is $146 million and it has a benefit-to-cost ratio (BCR) of 3.3 / 1 at the 
current Fiscal Year 2019 (FY19) federal discount rate of (2.875%). 
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EXECUTIVE SUMMARY 
Río Guayanilla Flood Risk Management Study,  

Guayanilla, Puerto Rico 
Draft Integrated Feasibility Report & Environmental Assessment 

 
PURPOSE & NEED 
 
The Municipality of Guayanilla, Puerto Rico is located in the active floodplain of the Rio Guayanilla, 
with the natural river channel bisecting the town. Heavy rainfall combined with very steep slopes in the 
upper catchment can produce high peak discharges in a relatively short period of time. This discharge can 
be in the magnitude of 30,000-40,000 cubic-feet-per-second (cfs). The 100-year flood event can inundate 
over 8 square kilometers of land within the study area. 
 
Significant flood events occurred in the Rio Guayanilla floodplain in: 1975, 1979, 1982, 1985, 1996, 
1998, 2004, 2008, 2012, and 2017. This history of significant flood events establishes a significant need 
for action. The 1975 flood, caused by Tropical Storm (later classified as Hurricane) Eloise, caused over 
$1.7 million in damages. Several hundred residents were forced from their homes as 99 houses were 
destroyed and 276 additional houses were damaged. Fatalities were reported in the: 1975, 1979, 1985, 
1998, and 2017 floods. In addition to the damaged structures and lives lost, flood-induced waters and 
sediment (rock and silt) deposition have induced closures of major area roadways and impeded access to 
critical facilities. These facilities include a regional hospital and the local fire, emergency services, and 
police stations. In 2017 Hurricane Maria caused significant overtopping of the Rio Guayanilla and the 
floodwaters washed out a major bridge, and caused significant damage to: the largest supermarket, a 
pharmacy, a bakery, and 106 homes. Several other critical public structures were inundated, banana and 
coffee harvests were destroyed, and the area was left without electricity and telecommunications for 
months. 
 
As established by the Flood Control Act of 1936, flood risk management projects are in the Federal 
interest if the benefits over the period of analysis exceed estimated costs, and if the lives and security of 
people would otherwise be adversely affected. The 1990 Recon Study presented that Federal Interest was 
warranted based on the potential benefits derived from five different structural alternatives. The 1990 
recommended plan combined 6.5 kilometers (4 miles) of earthen levee, 3.6 kilometers (2.25 miles) of 
trapezoidal channel improvements (stream channelization), 1.3 kilometers (.8 miles) of trapezoidal 
channel diversion, 300 meters (984 feet) of rectangular concrete channels, and the replacement of three 
vehicular bridges. In 1990, the total first cost of this plan was $12.5 million and total annual costs were 
estimated at $1.2 million; with annual benefits at $2.5 million. Implementation of the project would have 
resulted in a benefit-to-cost ratio of 2.1. Though the plan would contribute $0.5 million of annual location 
benefits, it was also justified independently on existing inundation damages prevented with a benefit-to-
cost ratio of 1.7. The positive benefit-to-cost ratios established by the 1990 Recon Study further 
established the project as being economically beneficial. 
 
The purpose of flood risk evaluation includes identifying the measures necessary to reduce the 
consequences of flooding, such as those measures that reduce: risks to life safety, damages to residential 
and commercial structures and public infrastructure, and lost economic output due to recovery efforts. 
 
DEVELOPMENT OF ALTERNATIVE PLANS 
 



 

 

 

Plan formulation is an iterative process resulting in the development, evaluation, and comparison of 
alternative plans to address identified study problems by achieving the outlined objectives. Problems 
considered for this study are in terms of life safety and economic losses, with a primary hazard of flash 
flooding. Heavy rainfall combined with very steep slopes in the upper mountain catchment can produce 
high peak discharges on the magnitude of 30,000-40,000 cfs in a relatively short period of time (hours). 
This natural condition is driven by topography and naturally impervious ground surfaces; these conditions 
are not exacerbated by man such as you would find in an urbanized watershed. This natural flooding 
regime once helped created a diverse ecosystem within the coastal floodplain and estuary. Since the town 
was built, the flooding has become a problem for citizens in the town of Guayanilla, other local 
homesteads, and the agriculture lands situated within the floodplain. The 100-year flood can inundate 
over 8-square kilometers within the municipality and rural areas of Guayanilla. The potential for these 
floods to occur is high, while the resulting consequences are considered large in terms of life safety, 
economic, and social resources. A high potential for these floods, exacerbated by a high (large) 
consequences results in this event to be considered high-risk. 
 
The planning objectives presented below are directly related to the problems identified in the previous 
sections. 
 
Reduce Risk of Flood Damages to Structures and Infrastructure – To lower the risk of damages induced 
by flooding and associated effects, this objective seeks to reduce the depth, duration, and likelihood of 
flooding. The success by which a solution would meet this objective would be measured by a net 
reduction in estimated annual damages, under the with-project condition. The affected location would be 
within the study area specifically focused on residential, public, and commercial structures, utilities, 
transportation infrastructure, and agricultural fields in production. Beneficial effects commence accruing 
at completion of the construction phase and last the duration of the project life cycle. 
 
Reduce Risks to Life Safety – To lower the risks to life safety induced by flooding and associated effects 
this objective seeks to 1) properly inform the public of pending floods, and 2) reduce the depth, duration, 
and likelihood of flooding. Success would be measured by 1) how quickly and reliably the public can be 
informed of pending floods, and 2) reducing the risk of being caught in a structure or an evacuation route 
during a flood event, and thus reducing the population at risk. The affected location would be within the 
study area specifically focused on the Municipality of Guayanilla. Beneficial effects commence accruing 
at completion of the construction phase and last the duration of the project life cycle. 
  
Management measures are features or activities that can be implemented at a specific geographic location 
to address all or a portion of the problems and achieve objectives. Measures can directly address the 
hazards (flooding), the way the hazards behave (performance), or indirectly address them through 
eliminating or reducing the consequences (monetary damages, risk to life safety). Measures considered 
for this study are either non-structural or structural. A pool of six (6) non-structural measures and eleven 
(11) structural measures were developed to address study needs. Based on concepts of technical merit, 
environmental effects and policies, two (2) non-structural and seven (7) structural measures were retained 
for further development into alternative plans. Six (6) action alternative plans were developed and tested 
with USACE core planning concepts, life safety, environmental effects, real estate, utilities and 
sustainability concepts. Based on this testing, or screening, one (1) no action and three (3) action 
alternatives were recommended for further detailed economic and environmental analyses: 
 
 No Action Plan 
 Alternative #1 Non-Structural Measures 
 Alternative #3 Diversion Channel South w/ Single Line Protection 



 

 

 

 Alternative #6 Staged Greenway Terraces w/ Single Line Protection 
 
Alternative #3 is the TSP.  The estimated first cost of the TSP is $146 million and it has a benefit-to-cost 
ratio (BCR) of 3.3 / 1 at the current Fiscal Year 2019 (FY19) federal discount rate of (2.875%). 
It reduces average annual expected damages by $18.8 million. This plan generally includes an engineered 
diversion channel, a robust diversion structure, a levee along one side of the diversion channel, bridge 
modifications, berms, a rock quarry, haul roads, staging, and disposal areas.  This alternative also includes  
nature based features and conservation measures to minimize and mitigate project impacts from the 
disturbance of 10 to 15 acres of formerly disturbed karst dry forest habitat and several acres of the Rio 
Guayanilla natural channel.  Compatible nonstructural measures were also included in the TSP for debris 
clearing within the natural channel of the Rio Guayanilla and to implement a flood warning system to 
lessen the life safety risk associated with flooding in the project area.  
 
AFFECTED ENVIRONMENT 
 
The Island of Puerto Rico is located in the Caribbean Sea and has a relatively stable annual climate (75-
85℉ year round/subtropical). This type of climate allows for high biological productivity that drives 
biodiversity and valued human resources. Its collocation along the Puerto Rico Trench and within the 
Atlantic Hurricane zone makes it susceptible to drastic environmental disturbance regimes that include 
earthquakes, tsunamis, hurricanes and distinct wet/dry periods. The Rio Guayanilla watershed itself is 
located in the southwest of the island, which typically receives a much less consistent rainfall than the 
north side; the storms being more intense but notably less frequent. The Rio Guayanilla is naturally an 
ephemeral river with two distinct segments (for the purposes of this study) – the upper montane and the 
lower coastal floodplain. The upper segment flows through mountain parent material, which is typically 
impervious bed rock. The riparian zone is dense with Subtropical Dry Forest community and although 
some deforestation has occurred, it adds beneficial large woody debris and organic materials to an 
otherwise nutrient deficient mountain stream. Sparsely arranged homesteads occur here, as well where the 
topography allows, roads and pathways; utilities span up the mountain side to reach some of these 
structures. Water quality may be affected by mountain homestead inputs. 
 
As the river flows into the coastal plain near PR-379, a tertiary highway, the land use and topography was 
modified for agriculture, residential, commercial and to a much lesser degree light industrial. The natural 
riparian zone hydrology, soils, native plant communities and in some cases the geology have been 
modified from their natural state for these purposes. The confining valley wall to the west is a mountain 
range primarily of karstic limestone, which is generally undisturbed and considered an area of high 
biodiversity; inclusive of several federally endangered species and is contiguous with the Guánica 
National Forest Preserve. The confining valley wall to the east is similar, but smaller, more developed and 
less biologically diverse.  The valley walls serves as a watershed divide for the Rio Macaná.  
 
The high hazard montane discharges into the coastal plain created a thick alluvial deposition of gravel and 
sand between the two confining valley walls. The river channel itself has for the most part maintained 
connectivity, substrate sorting, sediment transport and active meandering; although evidence of 
modification in certain reaches is apparent. Observed modifications to the channel include induced 
channel incision (minor) from confinement, and channelization and bank armoring/stabilization projects. 
Aside from these impairments, sufficient ephemeral riverine habitat is created and sustained for a small 
suite of migratory, amphidromous (fresh or saltwater tolerant) fishes recorded by Kwak (2007) at PR-127.  
 
The Town of Guayanilla itself is nestled in the upper portion of the coastal floodplain valley, where the 
valley is narrower. This location makes the town susceptible to both riverine flooding and gully/ravine 



 

 

 

washes from the eastern hilly and mountainous valley wall. The river generally flows to the west of and 
through the middle of town, maintaining a meandering pattern. The floodplain is semi-connected at small 
rain events, and fully connected at larger events as widespread flood damages are apparent. There are 
several major bridge over-road crossings and a variety of structures set alongside the banks. Within the 
100-year event floodplain there are over one thousand structures and utilities. Water quality is affected by 
agricultural drainage and waste water discharged to the river during flood events. 
 
The land use to the south of PR-3337 changed from residential to primarily agriculture and naturalistic 
open-space areas, with the exception of the small coastal towns of El Faro and Playa de Guayanilla. The 
river in this reach was channelized and leveed under the Phase I DNER project for flood control at 
Guayanilla. Based on the calculated flows entering the coastal alluvial plain at PR-379, large floods have 
filled up the entire valley in the past, inducing many braided and overland flowages that would temporally 
flush and maintain estuarine habitats along the Bay of Guayanilla coast. 
 
Based on the natural deep depth of the bay shallow estuary wetland habitat was naturally limited, but is 
noted as currently present in some areas, while noted as unnaturally lost in others. Outside of the deep 
natural bay are several coral reefs of the true marine environment, which are considered adjacent to the 
study area. These may or may not be influenced by the collocated gas liquefaction plants. 
 
ENVIRONMENTAL CONSEQUENCES AND MITIGATION 
 
For all alternatives, the potential effects were evaluated, as appropriate.  A summary assessment of the 
potential effects of the TSP follows:    
 

 Insignificant 
effects 

Insignificant 
effects as a 
result of 
mitigation* 

Resource 
unaffected by 
action 

Aesthetics ☒ ☐ ☐ 
Air Quality ☒ ☐ ☐ 
Aquatic Resources/Wetlands ☐ ☒ ☐ 
Fish and Wildlife Habitat ☒ ☐ ☐ 
Threatened/Endangered Species ☒ ☐ ☐ 
Historic Properties ☒ ☐ ☐ 
Other Cultural Resources ☒ ☐ ☐ 
Floodplains ☒ ☐ ☐ 
Hazardous, Toxic & Radioactive Waste ☒ ☐ ☐ 
Hydrology ☒ ☐ ☐ 
Land Use ☒ ☐ ☐ 
Noise Levels ☒ ☐ ☐ 
Socio-economics ☒ ☐ ☐ 
Environmental Justice ☒ ☐ ☐ 
Soils ☒ ☐ ☐ 
Water Quality ☒ ☐ ☐ 
Climate Change ☒ ☐ ☐ 

 



 

 

 

All practicable and appropriate means to avoid or minimize adverse environmental effects were analyzed 
and incorporated into the recommended plan. Best management practices (BMPs) as detailed in the 
IFR/EA will be implemented, if appropriate, to minimize impacts. 
 
Coordination is still ongoing with the USFWS regarding threatened and endangered species within the 
preferred abandoned quarry site; however, based on avoidance planning between USFWS and USACE, 
and subsequent conservation measures nested within the alternatives, it is not anticipated that mitigation 
will be required as part of ESA compliance. 
 
Modifications to the natural channel of the Rio Guayanilla requires assessment under Section 404 of the 
Clean Water Act and Section 10 of the Rivers and Harbors Act of 1899. Features requiring assessment 
included the diversion structure across the entire channel just downstream of PR-2, placement of 
dolomitic limestone, steel sheet pile, and other erosion features in the channel improvement area. The 
404(b)(1) assessment is located in Appendix A.  The proposed project includes measures to both 
minimize impacts and mitigate unavoidable impacts to the riverine habitat.   
 
COMPLIANCE WITH APPLICABLE LAWS, REGULATIONS, POLICIES AND PLANS 
 
The proposed alternatives are in compliance with appropriate statutes, executive orders, memoranda and 
USACE regulations. Applicable laws, statutes and executive orders are provided in Appendix A. 
Applicable federal compliance components include the Natural Historic Preservation Act of 1966; the 
Endangered Species Act of 1973; the Fish and Wildlife Coordination Act; EO 12898 (environmental 
justice); EO 11990 (protection of wetlands); EO 11988 (floodplain management); and the Rivers and 
Harbors Act of 1899. The potential project is in compliance with the Clean Air Act; the Clean Water Act, 
and the National Environmental Policy Act of 1969. There were no adverse environmental effects 
identified which cannot be minimized or avoided should the proposal be implemented. The proposed 
alternatives would have localized and short-term effects to uses of the study area coastal zone 
environment (42 U.S.C. § 4332(2)(c)(iv); 40 C.F.R. 1502.16). There have been no irreversible and 
irretrievable commitments of resources identified resulting from the proposed action should it be 
implemented (42 U.S.C. § 4332(2)(c)(v); 40 C.F.R. 1502.16).  
 
Applicable Federal, State & Local Legal Compliance Summary 

Reference Environmental Statutes/Regulations Project 
Compliance 

Federal 
42 U.S.C. 7401 Clean Air Act of 1970, as amended P 
33 U.S.C. 1251, et seq. Clean Water Act of 1977, as amended P 
16 U.S.C. 1451, et seq. Coastal Zone Management Act of 1972, as amended P 

42 U.S.C. 9601 Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) of 1980 C 

16 U.S.C. 1531, et seq. Federal Endangered Species Act of 1973, as amended P 
16 U.S.C. 661 Fish and Wildlife Coordination Act, as amended P 
EO 11990 Protection of Wetlands P 
EO 11988 Floodplain Management C 

EO 12898 Federal Actions to Address Environmental Justice in Minority 
and Low-Income Populations C 

EO 13045 Protection of Children from Environmental Health Risks and 
Safety Risks C 

16 U.S.C. 1801, et seq. Magnuson-Stevens Fish Conservation and Management Act C 
16 U.S.C. 703, et seq. Migratory Bird Treaty Act of 1918, as amended C 



 

 

 

54 U.S.C. 300101, et seq. National Historic Preservation Act, as amended P 
42 U.S.C. 6901, et seq. Resource Conservation and Recovery Act of 1976, as amended C 

Commonwealth 
12 L.P.R.A. 8001 et seq. Environmental Public Policy Act of 2004, as amended P 
   
   
   

Local 
   

a NA = not applicable, C = Compliance, P = Pending, and NC = Non-Compliant 
 
 
PRELIMINARY RECOMMENDATION 
 
Of the three action alternatives, Alternative #3 Diversion Channel South w/ Single Line Protection is the 
TSP, supported by non-structural Alternative #1 Non-Structural Measures (flood warning & natural 
channel conveyance). This plan generally includes an engineered diversion channel, a robust diversion 
structure, a levee along one side of the diversion channel, bridge modifications, berms, a rock quarry, haul 
roads, staging, and disposal areas.  Compatible nonstructural measures (Alt #1) were also included in the 
TSP for debris clearing within the natural channel of the Rio Guayanilla and to implement a flood 
warning system to reduce the life safety risk associated with flooding in the project area.  This plan also 
includes nature based features and conservation measures to minimize and mitigate project impacts from 
the disturbance of 10 to 15 acres of formerly disturbed karst dry forest habitat and several acres of the Rio 
Guayanilla natural channel. The estimated first cost of the TSP is $146 million and would reduce average 
annual damages by $18.8M.  Therefore, it has a benefit-to-cost ratio (BCR) of 3.3 / 1 at the current Fiscal 
Year 2019 (FY19) federal discount rate of (2.875%). 
 
 
 
 
 
 


