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SUMMARY OF FINDINGS 

 
 Flooding issues at the Luiz Muñoz Marín International Airport are driven by sediment and 

mangrove accumulation throughout the system, localized obstructions, and high tailwater 

conditions in the surrounding estuary system, especially during storm surge events. 

 Alternative A model results simulating cleaning channels and culverts of sediment, vegetation, 

and obstructions predict reduced water surface elevations and reduced frequency of flooding in 

the channel system under normal tidal conditions.   

 Alternative B model results simulating pumping and isolation gates in addition to channel and 

pipe cleaning predict reduced water surface levels and frequency of flooding events during storm 

surge conditions. 

 Construction costs in Puerto Rico have increased by a factor of 2 following the extreme hurricane 

season in 2017.  Opinions of probable costs for project alternatives are listed below: 

o Alternative A: $5,314,000  

o Alternative B: $17.3 Million to $20.3 Million 
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1 PROJECT OVERVIEW / INTRO 

  
The Luiz Muñoz Marín International Airport (SJU) is located in northeast Puerto Rico approximately 3 

miles southeast of the City of San Juan. The airport is located at a low elevation, close to sea level and is 

in close proximity to the ocean, and nearby lagoons. The airport site frequently experiences flooding that 

can shut down runways and damage airport infrastructure. This drainage report is intended to assess 

drainage problems at the site and review design alternatives for reducing flooding at the airport.  Design 

alternatives that are addressed in this report include: 

1. A “do nothing” scenario using existing conditions (Drainage No-Action Alternative),  

2. A scenario with vegetation clearing and pipe cleaning, channel dredging, and some culvert 

replacements (Alternative A), and 

3. A scenario including all interventions included in Alternative A with additional isolation gates 

and pumps (Alternative B). 

The modeling completed for this study is intended to assist in the evaluation of the incremental benefit of 

drainage improvements at the airport.  The modeling provides a basis for comparison but does not 

generate flood inundation boundaries to directly interpret level of service impacts due to the extent of 

flooding on the runway or taxiways at the site for a particular storm of interest.   

1.1 Existing Conditions 

SJU is located in northeast Puerto Rico, within the Gobierno Municipal Autónomo de Carolina 

(approximately three miles southeast of San Juan) (Figure 1).  

The 1,460-acre airport is located approximately 600 feet from the Atlantic Ocean, within an estuarine 

setting. SJU abuts tidally-influenced Laguna San Jose to the west and Laguna La Torrecilla to the east. 

Drainage from the airport discharges through surface water canals to the adjacent tidally influenced 

lagoons. Highways and urban development are found along the northern and southern borders of the 

airport. Land to the north includes recreation areas (beaches and a park), resorts, hotels, and other 

commercial development. Land on the south side of the airport includes commercial development along 

Highway 190 and several large residential neighborhoods. 
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1.2 San Juan Bay Estuary System 

SJU is located within an interconnected lagoon system, with the Atlantic Ocean to the north, Laguna La 

Torrecilla to the east, Laguna San Jose to the west and southwest, and Canal Suarez to the south (Figure 

2). The three main drainage outlets from the airport drain to Laguna San Jose, Canal Suarez, and Laguna 

La Torrecilla. Laguna San Jose is the innermost lagoon, connected to the ocean only by Cano Martin Pena 

to the Bahia de San Juan and to Laguna La Torrecilla by Canal Suarez. These channels are very narrow 

and reduce the tidal range of WSE in Laguna San Jose significantly.  The tidally influenced water surface 

elevations (WSE) in the estuary system are critically important to the function of drainage at the airport. 

 

 

This is due to the fact that runoff at the airport is conveyed through surface canals that flow based on the 

difference in WSE at the airport and the WSE in the receiving tidal estuary.  When the tide is low the 

difference in WSE between the airport and the estuary is maximized which increases drainage efficiency 

at the airport.  On the other hand, during high tide drainage efficiency at the airport is impaired.  Drainage 

is further restricted by the condition of the airport drainage system which is clogged with sediment and 

vegetation encroachment.   

  

SOURCE: Bunch et al. 2000 

Figure 2 

Surrounding Lagoon System. 
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1.3 Drainage System 

Drainage of the airport is accomplished through a system of open water channels, inlets, stormwater 

pipes, and culverts. Figure 3 shows an overview of the existing drainage system at the airport. 

A network of open water channels conveys runoff from the airport to the Laguna La Torrecilla and the 

Canal Suarez. These open water channels flow through culverts and/or pipes where they cross under 

roads, runways, or other airport infrastructure. These channels and culverts are located below mean sea 

level and are continually inundated with water. For ease of discussion, ESA has developed a naming 

convention for each channel that is outlined on Figure 3. 

There are several outfalls that discharge to the airport property from off-site drainage basins. Most of 

these outfalls are along the southern edge of Highway 187 and discharge to Channel A. Runoff from these 

outfalls originates in the Isla Verde neighborhood north of the airport. In addition, a single outfall 

discharges to Channel E at the southern boundary of the airport. This outfall discharges runoff from the 

neighborhood south of the airport and also appears to be contaminated with sanitary waste. 

There are five primary outlet locations where the open channel drainage system enters the surrounding 

estuary system. These outlet locations were first identified in the Stormwater Pollution Prevention Plan 

(SWPPP) (Eco Stahlia, 2015). Outlet location 5 was not considered in this study because it is serves a 

relatively small portion of land and is outside of the study area of this report. Outlet location 1 is heavily 

overgrown with mangrove and discharges via a small channel to the marina to the north of the airport. 

To assist in the analysis and discussion of the drainage system, ESA divided the site into 3 hydraulically 

independent zones (Figure 3). Zone 1 includes the drainage basins and channels draining to discharge 

point 1 to Laguna La Torrecilla and discharge point 4 leading to Laguna San José. Zone 2 includes the 

area that drains to Channel D and discharges to Laguna La Torrecilla at discharge point 2. Zone 3 

includes all channels draining to discharge point 3 to Canal Suarez. 

Many of the open water channels are populated by significant mangroves which encroach upon the 

channel, and in some cases spread across the entire channel (Photo 1). Field observations and 

measurements indicate that approximately 2 feet of sediment has accumulated along the channel bottoms. 

This sediment is likely deposited from airport runoff, inflow from tidal flows, and from decaying organic 

matter within the channels themselves. Sediment and vegetation has partially filled many of the culverts 

which connect the open water channels as well as some of the stormwater pipes that discharge to the 

channel system. 

Due to the direct connection of the airport channel system to the surrounding lagoons, tidal fluctuations 

from Laguna La Torrecilla have a direct impact on water levels within the drainage channels. Flow 

directions and flow rates within the channel system are influenced by the tidal elevations in the adjacent 

water bodies.  
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SOURCE: ESA Field Investigation 
 
 

Photo 1 

Mangrove encroachments in Channel A. 
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1.4 Flooding Issues 

Flooding has been a persistent problem at various locations throughout the airport. Known problem 

flooding areas at the airport are shown in Figure 4. These areas were identified based on conversations 

and information provided by airport staff. Photos of historical flooding events were provided to the team 

by Aerostar (Photo 2 and Photo 3).  

  
SOURCE: Aerostar 

Photo 2 

Flooding overtopping lights and signs. 

 

 

   
SOURCE: Aerostar 

Photo 3 

Ponding water above a stormwater inlet. 
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 Problem Area A is connected to the system in Zone 2. Flooding in this location results in 

encroachment of the adjacent runway and taxiway and can damage nearby infrastructure such as 

signage and lighting. 

 Problem Area B is connected to the drainage system in Zone 3. The drainage channel in this area 

is adjacent to a sanitary sewer pump station. When flooding occurs at this location, it can 

inundate the pump station and cause damage to the pumping facility. 

 Problem Areas C, and D are also located along the drainage system in Zone 3. Flooding at these 

locations can result in encroachment on adjacent taxiways and damage to nearby infrastructure 

including signage and lighting. 

An additional flooding problem area was identified in the vehicle loop that accesses the airport terminal 

building. This problem area is not directly connected to the drainage channel system and is outside of the 

study area for this report. 

Flooding at the airport is driven by two overarching issues: (1) reduced capacity of the drainage system 

due to accumulated sediment and vegetation encroachment and (2) high water levels in the surrounding 

estuary system which backs water up into the canal system and impedes drainage away from the airport. 

These overriding issues are compounding and it is expected that the worst flooding is caused when the 

problems coincide (reduced capacity due to vegetation and sediment and high tide).   

1.5 Field Investigations 

ESA engineers performed a field investigation of the airport drainage system on June 8, 9, and 12, 2017. 

No flooding was observed during the site visit, however it was clear that water surface elevations in the 

surrounding estuary system during dry conditions result in high water levels in the open water channels of 

the airport system. Standing water levels were observed nearly submerging many of the existing culverts 

and backing up into the connected storm sewer system. 

ESA engineers observed that many of the drainage channels are heavily encroached with mangrove trees. 

The mangrove vegetation increases the roughness of these channels, likely contributes to sediment 

accumulation, and inhibits maintenance of the channels by airport staff. 

Richard Chang Sierra performed a survey of the airport drainage infrastructure in July and August of 

2017. The survey included a series of cross-sections along each of the open drainage channels as well as a 

survey of all the culverts, storm pipes, and inlets on site. The survey documents are included in Appendix 

A. 

Cross sections taken by Chang reveal that the bottom of most of the channels are layered in an average of 

2 feet of muck. Elevations were measured at the top of the muck using a platform on the bottom of the 

survey rod and at the channel bottom by removing the platform and probing for solid ground. The 

elevations at the top of the muck were in many cases higher than the invert elevations of pipes leading 

into and out of the channels. 

During the ESA site visit, culverts bottoms in all of the channels were submerged with water making 

direct observation of sediment condition in the culverts impractical but it is likely that many of these 
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culverts are also filled with sediment reducing conveyance capacity. 

The field investigations identified several clogged stormwater pipe outfalls draining portions of the 

airport at Problem Area A in Zone 2 (Figure 4). These outfalls are intended to discharge to the nearby 

adjacent drainage channel D. 

1.6 Water Level Logger Study 

To gain a greater understanding of the drainage network and to assist in the calibration of the model of the 

site, the ESA team performed a field study of water surface elevations by recording water surface 

elevations over a six-week period. Engineers from Gregory L Morris Engineering (GLM) installed water 

level loggers within the drainage system at 6 locations around the airport (Figure 5). Data loggers 1, 2, 

and 3 were installed at drainage outlets, and loggers 4, 5, and 6 were installed at locations along the 

internal airport channels. The loggers were installed inside vertical perforated PVC pipes that were 

secured to culvert headwalls or other structures within the channel (Photo 4). The level loggers collected 

water surface elevation data every 10 minutes continuously from August 4, 2017 to September 14, 2017 

(Appendix B).  

   
SOURCE: GLM Engineering 

Photo 4 

Installed level logger. 
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The data collected during this time allowed engineers to review tidal fluctuations of water surface 

elevations on site during dry conditions as well as the response to several precipitation events. The level-

loggers were also deployed during the September 6, 2017 storm surge and precipitation event associated 

with Hurricane Irma. 

Historic rainfall data for the period that the loggers were installed was obtained from NOAA weather 

station SAN JUAN L M INTL AP located at the airport 

(http://w2.weather.gov/climate/xmacis.php?wfo=sju). Data collected from the water level loggers along 

with rainfall depths measured at the airport are plotted together for every location (Appendix B).  

Logger 1 is located at Outfall 4 where the channel system connects to Laguna San Juan. Logger 1 water 

surface elevations are driven primarily by elevations in Laguna San Juan. A tidal signal can still be seen, 

though it is very weak in comparison to WSEs measured in Laguna La Torecilla where a stronger tidal 

connection exists. This is expected due to the constricted conditions of the canals that drain Laguna La 

Torecilla. An increase of WSE can be seen due to at least 5 precipitation events, and it takes several days 

after the precipitation event for the WSE to recede to normal levels due to the constrictions in Canal de 

Martin Pena and Canal Suarez (Figure 2).  

Level logger 2 was tampered with while it was deployed and the data was not reliable. The measurements 

from this logger were disregarded during our analysis. Due to the tampering, a datum for the 

measurements could not be established. However, review of the data collected shows that the water 

surface elevations in this location respond in much the same way as the elevations measured at Logger 3.  

Logger 3 is located at Outfall 2 located in the Laguna La Torrecilla. This outlet is located relatively close 

to the Boca de Cangrejos, the primary connection to the ocean for the estuary system, and a strong tidal 

signal can be seen in the data. Precipitation events did not have a strong effect on water surface elevation 

in this location.  

Logger 4 was installed in Channel F in the SE portion of the airport. The outlet to these channels flows 

into Canal Suarez near Laguna La Torrecilla. When directly comparing the WSE data from logger 4 to 

logger 3, it can be seen that the WSE corresponding to high tides correlate almost directly to the data from 

logger 3 (Appendix B). However, during low tides the WSE at logger 4 almost never drops below 0.2ft, 

suggesting the water is perched there with sediment or an obstruction preventing draining below this 

level. Also, during precipitation events water levels at logger 4 rise dramatically above levels at logger 3, 

indicating a surge in water surface elevation resulting from runoff from the surrounding drainage basin.  

Logger 5 was installed along Channel G. The WSE at logger 5 behaves similarly to logger 4, except that 

water is perched at an even higher level, with WSE never dropping below 0.5 ft above MSE. This 

suggests that the blockage in this channel is even greater than in the channel with logger 4, which 

correlates with on the ground observations as both Problem Areas B and C are located along Channel G 

(Figures 3 and 4). 

Logger 6 is located about 7,500 ft upstream of Logger 1, in Channel A. The WSE results exhibit a very 

similar pattern to Logger 1, except consistently about 0.5ft higher and with a slightly weaker tidal signal 
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(Appendix B). The peak of the 9/6/2017 event was about 0.7ft above the peak at logger 1, but tapered off 

quicker, showing the influence of Laguna San Juan decreasing this far up the channel system. 

Important takeaways from the level logger study include the following: 

 The tidal influence from the Laguna la Torecilla (Logger 3) is reduced in the central and western 

portions of the airport. The connection to Laguna San José (Logger 1) shows very little tidal 

variation.  

 The pattern of tidal influence at the interior airport drainage channels (Loggers 4 and 5) suggests 

that sediment or other obstructions are preventing the water surface in the channels from 

equalizing with the tidal elevations in Laguna La Torecilla during low tide periods.  

 Storm surge conditions in Laguna La Torrecilla result in raised WSE in the airport drainage 

channels. 
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2 HYDROLOGIC AND HYDRAULIC MODELING 

  
In order to assess the potential for design alternatives to ameliorate flooding issues at SJU, Aerostar 

contracted GLM to perform a hydrologic/hydraulic analysis of the airport drainage network (Appendix 

C). GLM created two complimentary models describing the overall drainage network at the airport: a 

channel model describing the main drainage channels and their connections, and another internal piping 

model describing the pipe systems located below the airport facilities. The channel model is the primary 

tool used for this study. The pipe system model is discussed in section 2.4. 

These models were constructed using the best available data, including the survey of the pipe system 

performed as part of this study, and publicly available LIDAR topographic data from 2004. Both of these 

data sources have gaps in the data, and limitations that impact the accuracy of the models. Because of the 

approximate nature of these models, ESA’s approach is to use these models as a general tool to assess the 

potential for improvement if the proposed alternatives are implemented. The models will not accurately 

predict performance of the existing drainage system without considerable additional effort to collect more 

detailed information on the site topography and condition of the piped system.  

 

2.1 Model Methodology 

Existing conditions and design alternatives were modeled by GLM using the Interconnected Pond 

Routing Model (ICPR). ICPR is a coupled hydrologic/hydraulic model that uses a 1D network to model 

hydraulically interconnected systems. The GLM modeling report is provided in Appendix C. The ICPR 

1D network uses a node-link scheme to route water between storage areas. For this modeling effort, 

drainage channels are defined as nodes connected by links that are used to define culverts, weirs, pipes, 

and other connection types. 

Hydrologic conditions are defined in the model by delineating drainage basins and calculating runoff rates 

from rainfall data and the nature of the drainage basin. Basins were delineated within the study area using 

LIDAR, aerial imagery, and site survey data. There are 32 drainage basins within the airport site that are 

delineated for this study by GLM. For each basin, a corresponding area, time of concentration, and curve 

number are determined to describe catchment surface condition and runoff potential during precipitation 

events.  

Runoff hydrographs were synthesized for each basin using the NRCS Unit hydrograph method with 

NOAA rainfall depth-duration data for the 24-hour duration 10, 50, and 100-year rain events. The 10-year 

rain event was selected for simulation as FAA guidelines specify the 10-year event as the engineering 

design event (FAA, 2013). In addition, the 50 and 100-year rain events were chosen for simulation to 

assess how the existing drainage system and proposed drainage improvements would function during 

lower frequency, higher severity storms. 
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Hydraulic conditions within the study area are assessed using the ICPR node-link 1D network module. 

Nodes were assigned stage-volume curves derived from representative cross sections from site survey 

data. Node and link hydraulic parameters (e.g. roughness) are defined from survey data and field 

observations. Water level boundary conditions are determined for the 1D network where the drainage 

channels meet Laguna La Torrecilla and Canal Suarez (Boundary 1), and Laguna San José (Boundary 2). 

 

2.2 Model Calibration 

The model was calibrated for existing conditions using rainfall and water level data from two recorded 

storm events occurring on August 17 and September 6, 2017 (Appendix C). The September event 

corresponds to Hurricane Irma, where considerable storm surge was observed in recorded water level 

data. 15-minute rainfall data was obtained from USGS station 50049620 Quebrada Margarita at Caparra 

Inter near Guaynabo, which is located 7 miles west of the airport. Boundary condition water level data 

was obtained from Logger 1 and Logger 3 corresponding to water levels in Laguna San José (Boundary 

2) and Laguna La Torrecilla and Canal Suarez (Boundary 1), respectively. Calibration parameters 

included channel roughness and percent of obstructed pipe opening. Results of the calibration model were 

compared to the water levels measured during the level logger study. Calibration results indicate that the 

model is capable of replicating the general pattern of water level response to the storm events that were 

simulated. 

2.3 Modeled Scenarios 

The model was constructed to run three scenarios: a No-Action scenario using existing conditions 

(Drainage No-Action Alternative); a scenario with vegetation clearing and pipe cleaning, channel 

dredging, and some culvert replacements (Alternative A); and a scenario including all interventions 

included in Alternative A with additional isolation gates and pumps (Alternative B). All alternatives were 

simulated for the 24-hour duration 10, 50, and 100-year rain events with and without storm surge 

conditions (Table 1). Storm surge conditions were modeled by varying the water surface elevations at the 

boundary points in the model to coincide with the predicted storm surge elevations in the lagoons.  

These scenarios allow for a comparison of flooding location and frequency between the existing 

conditions and the design alternatives for large storm events with and without storm surge. 

Table 1 summarizes the parameters that define the six model scenarios used to evaluate each of the 

alternatives. 
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TABLE 1 
SUMMARY OF MODEL SCENARIOS 

 
10-year Rain Event 50-year Rain Event 100-year Rain Event 

 
no surge surge no surge surge no surge surge 

24-hr Precipitation (in) 6.78 9.44 10.60 

Boundary 1 WSE - 
Laguna La Torrecilla 

Constant 
(1 ft) 

Time Varying 
(max 3.9 ft) 

Constant 
(1 ft) 

Time Varying 
(max 3.9 ft) 

Constant  
(1 ft) 

Time Varying 
(max 3.9 ft) 

Boundary 2 WSE - San 
José 

Constant  

(1 ft) 

Time Varying 
(max 4.9 ft) 

Constant  
(1 ft) 

Time Varying 
(max 4.9 ft) 

Constant  
(1 ft) 

Time Varying 
(max 4.9 ft) 

 
NOTES: 

All elevations referenced to mean sea level (MSL) NAVD 88 
 

Storm surge conditions are entered into the model at the water level boundaries using the maximum storm 

surge elevations defined in the FEMA FIRM maps for Laguna La Torrecilla (3.9 ft MSL) and Laguna San 

José (4.9 ft MSL). The FEMA storm surge elevations represent a severe storm surge event. By 

comparison, the storm surge associated with Hurricane Irma was measured to be 2.6 ft MSL at Level 

Logger Location 3 during the study. 

The FEMA maximum storm surge elevations were used to adjust water levels recorded during the 

September calibration event for Laguna La Torrecilla and Laguna San José to create 24-hour time varying 

boundary conditions for a storm surge event (Appendix C). For the no storm surge condition, a constant 

water level of 1 ft MSL was used at both water level boundaries consistent with the maximum tidal 

elevation measured in Laguna la Torrecilla (Boundary 1) and Laguna San José (Boundary 2) during the 

level logger study. 

Flooding areas at the airport were determined by ESA based on model output WSE as compared to the 

site survey cross sections and LIDAR topography data. When water surface elevations in a particular 

node of the model exceeded the top of bank elevation of the corresponding channel, this indicated a 

flooding event of concern that could affect airport level of service.  The location and number of these 

predicted flooding events was used as a point of comparison between existing conditions and design 

alternatives. The results of the model are intended to identify problematic flooding areas and to assess 

changes in drainage performance as a result of the design alternatives. The model results should not be 

interpreted to indicate the physical extent of flooding in a particular channel. 

 

2.4 Pipe System Model 

A hydrologic-hydraulic analysis of airport’s storm sewer system was undertaken to assess the capacity of 

the existing storm sewer and the potential for design alternatives to ameliorate flooding issues within the 

storm sewer system (Appendix C). The pipe network modeling was conducted using StormCAD 

CONNECT. Hydrologic conditions were defined as described in Section 2.1, by delineating basins and 

defining a runoff inflow hydrograph using the unit hydrograph method. The pipe network, comprised of 
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catch basins, manholes, and pipes, was defined in the model from survey data to include pipe sizes and 

storm sewer element invert and top elevations. Tailwater conditions in the pipe network model were 

defined using the water level output from the ICPR channel model described in Section 2.1. 

An existing conditions and two design conditions scenarios were simulated for the 10-year and 25-year 

rain events with and without storm surge conditions. The following models were prepared: 

 Existing Conditions Model – This model simulates the existing storm sewer network using 

tailwater elevations predicted from the existing conditions ICPR channel model. 

 Proposed Condition Model – Canal Alt A – This model simulates the existing storm sewer 

network using tailwater elevations predicted from the Alt A ICPR channel model, which were 

generally lower than in the existing conditions channel model. 

 Proposed Conditions Model – Canal Alt A + Pipe Improvements – This model simulates the 

storm sewer network with replacement of pipes where existing conditions pipes had a reduction 

in flow capacity. This model uses the tailwater elevations predicted from the Alt A ICPR channel 

model. 

The pipe system model has significant limitations that make it difficult to draw any conclusions from the 

model results. The pipe system model is constructed using the survey data collected with this study. 

However, during the survey, field crews were unable to locate the destination or source of many pipes on 

the site and the mapping of this pipe system is incomplete. The survey contains many gaps in the 

understanding of the pipe network that are critical for the development of a reliable pipe system model. 

Given these limitations, the results of the storm sewer models should only be considered as a relative 

comparison between alternatives and not as an estimate of real world conditions. The model does predict 

a reduction in water levels for the proposed conditions model in comparison with the existing conditions 

model.  

In order to develop this model into a useful tool, and assess effectiveness of design alternatives to the 

piped system, additional survey should be performed to identify all pipe locations and interconnections as 

well as the condition of the network elements (i.e. collapsed or clogged). An additional survey should 

include more rigorous methods of locating pipe infrastructure that may include, dye testing, smoke 

testing, or remote video inspection. 
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3 EXISTING CONDITIONS 

  
3.1 Drainage No-Action Alternative 

The Drainage No-Action Alternative represents the “do nothing” alternative. The calibrated existing 

conditions model was used to assess the base level flooding for the simulated storm events. 

If the current sedimentation and mangrove encroachment issues are not addressed, it is expected that 

flooding problems at the airport will increase over time as sediment continues to accumulate and 

mangrove encroachment grows. 

3.1.1 Model Results 

The results of the existing conditions model are illustrated in Figures 6a and 6b for the no surge and surge 

conditions respectively. Each figure identifies the name and location of each model node and indicates the 

node where flooding is predicted for a storm event but not the extent of flooding in the area. Model results 

are discussed by zone in the following sections. More detailed documentation of model input and output 

parameters are included in the GLM report in Appendix C.   

3.1.1.1 Zone 1 

For the no storm surge scenarios (Figure 6a) flooding is only predicted in Channel C. Flooding is 

predicted for Channel C for the 10, 50, and 100-year storm events. 

For the storm surge scenarios, flooding for the 10, 50, and 100-year events is predicted in Channels A and 

C. 

No historic flooding issues were reported by Aerostar in the region of Channel C. This may be that 

flooding is under-reported in this area or that the model is overestimating water surface elevations in this 

region. 

3.1.1.2 Zone 2 

In Channel D, flooding was predicted for the 50-year and 100-year rainfall events under the no storm 

surge conditions. 

Under the storm surge conditions flooding was predicted at each node of Channel D for the 50 and 100-

year rainfall events, but no flooding was predicted under the 10-year storm event. 

Although Problem Area A (Figure 4) is located just north of Channel D, the model does not predict 

flooding during the more frequent 10-year event. This flooding is most likely the result of clogged 

stormwater outfalls that discharge into Channel D and were not simulated in the model. 
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3.1.1.3 Zone 3 

Of all zones, flooding was most extensive in Zone 3, with flooding predicted in all channels for all 

simulated events.  

Under the no storm surge scenarios, flooding was predicted in Channels E, F, and G for the 10, 50, and 

100-year events, although not at all nodes. 

Under the storm surge scenarios, flooding was predicted in Channels E, F, and G for the 10, 50, and 100-

year events with even more nodes flooded for the 10-year event as compared to the no storm surge 

conditions. 

Under the no storm surge scenarios, the nodes that predicted flooding for the 10-year event along 

Channels F and G correspond to Problem Areas B (XS23), C (XS26), and D (XS29-30). The culvert 

immediately downstream of Problem Area B is a single 24-inch diameter pipe. The other culverts along 

Channel G consist of two 42 or 48-inch pipes. The undersized culvert at XS23 is likely a major 

contributor to flooding at problem area B. 

The model predicts flooding during the 10-year event along Channel E for the no surge and storm surge 

scenarios. No flooding problems have been reported by Aerostar along this channel and it may be that the 

model is overestimating water surface elevations along Channel E or that this flooding is under reported 

by airport staff. 
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4 DESIGN ALTERNATIVES 

  
The ESA team developed two design alternatives for evaluation. Alternative A consists of clearing 

vegetation and sediment from the ditch and culvert system while Alternative B evaluates the effectiveness 

of installing a pumping system. 

4.1 Alternative A 

Design Alternative A is shown on Figure 7 and includes the following improvements to the drainage 

system: 

 Remove mangrove vegetation encroaching on the drainage channels.   

 Dredge sediment 2 feet deep from the bottom of the drainage channels. 

 Clear all culverts along the channel system of sediment and obstructions. 

 Replace the 24-inch culvert along Channel G with two 42-inch culverts. 

 Clear the clogged outfalls that discharge to Channel D. 

Vegetation encroachment in the drainage channels as well as sediment deposition in the channels and 

pipes were observed to be impeding drainage efficiency in the study area. Alternative A consists of 

removing vegetation in the channels, dredging two feet of accumulated sediment from the bottom of all 

channels, clearing sediment and obstructions from all interconnecting pipes, and replacing an undersized 

24-inch pipe with two 42-inch pipes (link between node “XS23” and node “XS25”) (Figure 7). 

Alternative A also includes the clearing of the clogged outfalls that discharge into Channel D to node 

“N6” that were observed during field investigations.  

We understand that Aerostar is considering constructing an access road through the wetland area along 

the north side of Channel A to assist with vegetation maintenance associated with the Runway Object 

Free Area. Channel A is hydraulically connected to this wetland area which likely provides a storage 

benefit for flood reduction in the channel. If a maintenance access road were constructed, it would be 

important to maintain this hydraulic connection by installing culverts at regular intervals across the road 

that connect the channel to the wetland area to the north.  This existing hydraulic connection is not 

however modeled as part of this study.   

4.1.1 Model Results 

Alternative A improvements are simulated in the model by reducing Manning’s n roughness in channels 

from 0.015 to 0.05 to reflect reduced vegetation (cover and density) in the channels, adjusting the stage-

volume curves for each node in accordance with channel bottom dredging, reducing the percent of 

obstructed pipe parameter to zero, and updating the hydraulic parameters of the link between nodes 

“XS23” and “XS25” to reflect the replacement of the undersized culvert. 
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The results of Alternative A model are illustrated in Figures 8a and 8b. Each figure identifies the name 

and location of each node of the model and indicates the locations of predicted flooding for each storm 

event. Model results are presented by zone in the following sections. More detailed documentation of 

model input and output parameters are included in the GLM report in Appendix C. 

4.1.1.1 Zone 1 

Alternative A behaved the same as the Drainage No-Action Alternative for all simulated events, 

suggesting no flood benefit for drainage improvements in Zone 1.         

4.1.1.2 Zone 2 

Under Alternative A, no flooding was predicted in Channel D for any of the simulated events. Alternative 

A exhibited a decrease in water surface levels and predicted flooding events compared to the Drainage 

No-Action Alternative for the 10-year, 50-year, and 100-year events. This suggests that clearing channels 

of vegetation and culvert and pipe obstructions was effective for mitigating flooding across all simulated 

events for Zone 2 under Alternative A improvements. 

4.1.1.3 Zone 3 

Under the no surge scenarios, no flooding was predicted in Channel E, F, and G for the 10-year storm 

event. Flooding was predicted for Channels E and G during the 50-year event, and for all channels during 

the 100-year event. 

In Zone 3, the Alternative A model predicts significant improvements over the the Drainage No-Action 

Alternative (existing conditions) model during the no surge scenarios. Predicted flooding was eliminated 

at problem areas B, C, and D under the 10-year no surge scenario. Predicted flooding at the problem areas 

was improved although not eliminated under the 50 and 100-year events. 

For the storm surge scenarios flooding was predicted in all three Channels under the 10, 50, and 100-year 

events. A detailed review of the model output in Appendix C shows that although flooding is predicted in 

each channel, the water surface elevations predicted by the model in Channels E, F, and G are lower than 

those predicted in the Drainage No-Action Alternative, suggesting an improvement in drainage and 

reduced volumes in the case of flooding events over existing conditions. 

Under storm surge conditions, drainage improvements modeled in Alternative A appear to provide limited 

benefit at the identified problem areas.  

Overall, drainage improvements modeled in Alternative A were sufficient to achieve flood mitigation at 

least to the 10-year event level at Problem Areas B, C, and D under no storm surge conditions. Under 

storm surge conditions, flooding persisted at all problem areas for all return interval events simulated. 

These results suggest that in Zone 3, drainage improvements decrease rainfall driven flooding, but storm 

surge conditions overwhelm the capacity of the system to effectively drain runoff from rainfall events 

under storm surge conditions. 
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4.2 Alternative B 

Design Alternative B is shown on Figure 9 and includes the following improvements to the drainage 

system: 

 Install a pumping station with isolation gates and two 60,000 GPM pumps at Discharge Point 3. 

 Remove mangrove vegetation encroaching on the drainage channels.   

 Dredge sediment 2 feet deep from the bottom of the drainage channels. 

 Clear all culverts along the channel system of sediment and obstructions. 

 Replace the 24-inch culvert along Channel G with two 42-inch culverts. 

 Clear the clogged outfalls that discharge to Channel D. 

In addition to inadequate drainage observed in the existing system, high water levels within the estuary 

system have been observed to be another key driver of flooding within the study area. Alternative B 

consists of all improvements described in Alternative A with an additional system of isolation gates, to 

prevent storm surge flow into the airport drainage system, and two 60,000 gpm pumps, to extract water 

from the channels at the discharge point to Canal Suarez while the gates are closed. The gates and pumps 

were modeled at the link between the node “XS47-XS48” and Boundary 1, just upstream of discharge 

point 3.  

The ESA team evaluated several sizes of commonly installed pumping systems in the region. Based on 

the predicted flow rates in the channels and the results of interim modeling runs, the engineers determined 

that two 60,000 GPM pumps would be the most appropriate for the pumping station at the airport. 

While developing Alternative B, the ESA team evaluated the effectiveness of pumps installed in Channel 

D downstream of node “XS21” and in channel A downstream of node “XS6”. ESA determined that pump 

stations installed in channels D and A would not provide sufficient benefit to justify the costs of 

installation.   

4.2.1 Model Results 

The results of the Alternative B model are illustrated in Figures 10a and 10b. Each figure identifies the 

name and location of each node of the model and indicates the locations of predicted flooding for each 

storm event. Model results are discussed by zone in the following sections. More detailed documentation 

of model input and output parameters are included in the GLM report in Appendix C. 

4.2.1.1 Zone 1 

Alternative B behaved the same as the Drainage No-Action Alternative and Alternative A for all 

simulated events. This was expected as the pumping improvements included in Alternative B are not 

hydraulically connected to Zone 1. 
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4.2.1.2 Zone 2 

No flooding was predicted in Channel D for any of the simulated events. Alternative B did not show an 

improvement over Alternative A for any of the simulated events because Zone 2 is also hydraulically 

disconnected from the pumping station.   

4.2.1.3 Zone 3 

Under the no storm surge condition, no flooding was predicted at the 10-year storm event. Alternative B 

behaved the same as Alternative A for all but the 100-year storm event. For the 100-year no storm surge 

event, Alternative B showed decreased flooding at one node in Channel F (“XS29-XS30”) and one node 

in Channel G (“XS 26”).  

Under the storm surge condition, all events showed decreased flooding for Alternative B relative to 

Alternative A and the Drainage No-Action Alternative, with flood improvements in all channels. The 10-

year storm surge event showed no flooding in Zone 3 for Alternative B. For both the 50-year and 100-

year storm surge events, Alternative B exhibited flooding in Channel E and Channel F. 

The addition of pumps and gates upstream of discharge point 3 appears to reduce flooding at Problem 

Areas B, C, and D for all simulated events. At Problem Area B, predicted flooding was eliminated for 

only the 10-year storm surge event, however maximum predicted flood levels were reduced for all 

simulated events at the 50 and 100-year return intervals. 

The results of the Alternative B simulations suggest that in Zone 3 the primary benefit of the isolation 

gates and pumps is to reduce flooding under storm surge conditions. With the no storm surge condition, 

the added gates and pumps had only a limited benefit over Alternative A. However, under the storm surge 

scenarios, Alternative B performed significantly better than Alternative A and the existing conditions, 

eliminating predicted flooding for the 10-year event. 

4.3 Maintenance 

Ongoing maintenance of the drainage system will be required for continued functioning of the drainage 

improvements for Alternatives 1 and 2. Regular monitoring of sediment accumulation and mangrove 

vegetation encroachment should be performed to inform the frequency of maintenance activities. Table 2 

summarizes the required maintenance activities and the estimated frequency of these activities. 

 

TABLE 2. 
REQUIRED MAINTENANCE ACTIVITIES AND ESTIMATED FREQUENCY. 

Maintenance Activity Frequency 

Dredging Channels Every 5 years 

De-silting Culverts Every 5 years 

Mangrove removal Every 6 months 

Inspection and removal of obstructions Every 6 months 
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Continued function of the drainage system relies on a clear and unobstructed path for conveyance of 

water through the system. Dredging the channels and removal of sediment from the culverts will prevent 

excessive sediment build-up from impeding flow through the system. Because it is difficult to predict the 

rate at which sediment will accrue, yearly inspection of sediment build-up should be performed to inform 

when sediment removal is necessary. 

Mangrove vegetation removal will be required at a higher frequency than sediment removal. The 

mangrove vegetation grows quickly and should be removed at frequent intervals in order to maintain the 

function of the drainage system and to avoid more costly removal of larger and more established 

vegetation. 

Regular inspection of the system should be performed in order to identify and remedy localized 

obstructions in the system. Any large debris or clogging should be removed as soon as identified. 

Maintenance of pumps 

Maintenance of a pumping station will be an ongoing effort and cost. A detailed operations and 

maintenance plan should be prepared by the design engineer if a pumping system is installed. 

4.4 Cost Estimates 

Aerostar contracted Kimley-Horn to generate an Opinion of Probable Costs (OPC) for proposed design 

alternatives. Table 3 shows the estimated total costs for both design alternatives. The OPC memorandum, 

including a detailed breakdown of expense categories and costs, can be found in Appendix D. The OPC 

was estimated using information from local contractors from bids on similar projects as well as unit prices 

from Florida Department of Transportation (FDOT). Due to post-hurricane conditions in Puerto Rico, a 

factor of 2 was applied to all material and labor costs for both alternatives to reflect the increased costs of 

materials and importation of material and labor. 

TABLE 3. 
ESTIMATED COSTS FOR DESIGN ALTERNATIVES. PROVIDED BY KIMLEY-HORN. 

Alternative A Alternative B 

$5.3 Million* $17.3-20.3 Million* 

 
*
includes factor of 2 increase on materials and labor as well as 10% of total cost for both mobilization and contingency 
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5 SEA LEVEL RISE 

  
Water levels in the Atlantic Ocean near Puerto Rico have a direct influence on water levels in Laguna La 

Torrecilla and Laguna San Jose, which set the tailwater for the drainage system at Luiz Muñoz Marín 

International Airport, directly influencing and aggravating flooding and drainage issues at the airport. As 

see levels rise due to climate change, water levels in the lagoons and open channels in the airport will rise 

as well.  

Aurelia Mercado-Irizarry was tasked by the Puerto Rico Climate Change Council to estimate sea level 

rise around Puerto Rico, and in his report titled “Sea Level Rise Around Puerto Rico: A Projection” 

provided sea level rise estimates for the year 2100. Based on several different scenarios, climate models, 

and calculators, the range of sea level rise projected varied from 0.33 meters (1.1 ft) to 3.75 meters (12.3 

ft) (Mercado-Irizarry, 2017). This wide range in values reflects the inherent uncertainty associated with 

making projections for 2100 due to difficulty in predicting the many parameters including future behavior 

of ice shelves and global emissions. Regardless of the exact amount of sea level rise, water levels are only 

increasing and it is expected that flooding issues at the airport due to backwater effects of high water in 

the lagoons are only going to increase. 

The analysis of the drainage alternatives show that the installation of pumps has the greatest benefit 

during high storm surge conditions. As sea level rises, pumping systems will be the most effective at 

mitigating the impacts of higher boundary conditions and more frequent storm surge events.  
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6 WATER QUALITY 

  
Water quality was not the focus of this study, however, ESA identified several opportunities for 

improving runoff water quality within the airport drainage system.  

During the field investigations of the site, the project team identified an outfall that originates from off-

site and discharges to the channel at the south of the airport. The location of this outfall is identified on 

Figure 3. ESA observed a smell and buildup of trash at the outfall that indicates that this outfall is 

discharging sanitary sewer waste to the airport site (Photo 5). The discharge from the outfall is coming 

from the neighborhood to the south. It is unclear if the sanitary sewer contamination is the result of a 

direct connection or a consequence of failing pipes within the sewer system and inflow and infiltration 

into the off-site drainage system. 

   
SOURCE: ESA 

Photo 5 

Clogged sanitary drain discharging into airport. 
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The discharge of untreated sanitary waste is a clear water quality, aquatic species, and human health 

concern. The drainage channels of the airport provide a direct conveyance path for untreated sanitary 

waste to enter the Laguna la Torrecilla. ESA recommends that the airport coordinate with the 

Municipality of Carolina and take steps to eliminate this discharge.  

During construction of both Alternative A and 2, measures should be taken to reduce the migration of 

sediment disturbed by construction activities. During dredging of the channels, best management 

practices (BMPs) should be installed downstream of the work area to prevent sediment from migrating 

into the lagoon system.  Work area isolation and pumping systems may also need to be utilized to protect 

sensitive receiving waters.   

The Storm Water Pollution Prevention Plan (Eco Stahlia, 2015) prepared for the airport outlines a number 

of suggestions for best management practices (BMPs) to protect water quality in the stormwater system. 

 



 

 

Luiz Muñoz Marín International Airport 37 ESA / D140599.00 

Drainage Study March 2019 

7 ENGINEERING CONCLUSIONS / 
RECOMMENDATIONS / NEXT STEPS 

  
Flooding issues are driven by sediment and mangrove accumulation throughout the system, localized 

obstructions, and high tailwater conditions in the surrounding estuary system, especially during storm 

surge events. 

Modeling of Alternative A shows reduced water surface elevations and reduced frequency of flooding in 

the channel system during 10, 50, and 100-year precipitation events during normal tidal conditions. 

Modeling of storm surge conditions in Alternative A show less improvement when precipitation events 

coincide with FEMA storm surge levels in the surrounding lagoon system. 

Modeling of Alternative B demonstrates that a pumping system installed at discharge location 3 at Canal 

Suarez will reduce water surface levels and the frequency of flooding events during storm surge 

conditions in Zone 3. 

To address the current nuisance flooding issues ESA recommends implementing the improvements 

associated with Alternative A immediately. Once the improvements are complete it is essential that 

vegetative and sediment management occurs at a rate that prevents degradation of the drainage system.   

ESA also recommends monitoring and documentation of any continued flooding events at the airport 

including dates, rainfall amounts, and photos depicting high water areas. High water marks could be 

documented in the field with PK Nails so they can be surveyed in the future.   

To address issues within the piping system, ESA recommends that airport maintenance staff perform an 

inspection of all pipe and inlet infrastructure as part of a regular maintenance program, and remove or 

repair obvious obstructions, sedimentation blockages, and pipe failures as they are discovered.   

If flooding at the airport remains an issue after the implementation of Alternative A improvements then 

further study of the piping system and the installation of a pumping system should be considered. 
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kimley-horn.com Millennium Park Plaza, Suite 435, 15 Calle 2, Guaynabo, PR 00968 787 782 5050 

 

MEMORANDUM 

To: Environmental Science Associates 

From: Kimley-Horn Puerto Rico, LLC 

Date: 7/3/18 

Subject: San Juan Airport Alternative 1 & 2 Opinion of Probable Cost 

 

The Opinion of Probable Costs (OPC) was estimated using information obtained from local contractor 

bids of similar projects and Florida Department of Transportation (FDOT) Statewide Average Unit 

prices for 2017-2018. A factor of 2 was considered for the items used in both alternatives which 

considered post-hurricane conditions, importing material and labor, and the increased cost of 

materials (metals).  Please see attached for breakdown of costs and references. 

Alternative 1 (Clear Ditches and Pipe Obstructions) 
The cost for Alternative 1 listed below considers the construction of a new drainage connection, 

removing or trimming vegetation, dredging sediment from channels, and clearing sediment and/or 

obstructions from pipes, and 10% contingencies for mobilization and total costs. 

• $5,313,485.22 

Alternative 2 (Clear Ditches and Pipe Obstructions and a Storm Water 

Pumping Station with a Gate) 
The cost for Alternative 2 listed below considers Alternative 1 with the addition of installing of an 

isolation gate and (2) pumping systems (60,000 GPM) at one location. 

• ($17.3 Million - $20.3 Million) 

 

   

  

Kimley-Horn Puerto Rico, LLC. has no control over the cost of labor, materials, equipment, or 

services furnished by others, or over methods of determining price, or over competitive bidding or 

market conditions.  Any and all professional opinions as to costs reflected herein, including but not 

limited to professional opinions as to the costs of construction materials, are made on the basis of 

professional experience and available data.  Kimley-Horn and Associates, Inc. cannot and does not 

guarantee or warrant that proposals, bids, or actual costs will not vary from the professional opinions 

of costs shown herein. 



DATE: 7/3/2018

1 LF 8750 1.24$                 1.61$                 2.48$               21,700.00$                     

2 LF 1500 9.90$                 12.87$               19.80$             29,700.00$                     

3 CY 113200 7.84$                 10.19$               15.68$             1,774,976.00$                

4 LF 200 10.16$               13.21$               20.32$             4,064.00$                       

5 LF 1482 25.97$               33.76$               51.94$             76,975.08$                     

6 LF 7134 12.76$               16.59$               25.52$             182,059.68$                   

5 AC 35.08 15,500.82$        20,151.07$        31,001.64$      1,087,537.53$                

7 CY 16.22 1,123.00$          1,459.90$          2,246.00$        36,430.12$                     

8 LB 16.86 0.93$                 1.21$                 1.86$               31.36$                            

9 LF 180.00 152.59$             198.37$             305.18$           54,932.40$                     

3,268,406.17$                

LS 1 - 159,047.58$                   

LS 1 72,473.51$                     

LS 1 826,429.08$                   

LS 1 12,423.36$                     

LS 1 52,530.40$                     

1,122,903.93$                

LS 10% - 439,131.0$                     

LS 10% - 483,044.1$                     

5,313,485.22$                

C:\Users\Kyle.Cabrera\Desktop\Puerto Rico\OPC\[20180613 SJU OPC.xlsx]OPC_ALT1

SUB-TOTAL

OTHER

DESILTING PIPE, 37-48"

DESILTING PIPE, 49-60"

CONCRETE CLASS I, ENDWALLS

STEEL 

PIPE CULV, 42"

DESILTING PIPE, 25-36"

SELECTIVE CLEARING AND GRUBBING

SEDIMENT BARRIER

FLOATING TURBIDITY BARRIER

CHANNEL EXCAVATION

DRAINAGE PAY ITEMS

UNIT TOTAL COSTQTY.
ITEM 

NUMBER
DESCRIPTION

 OPINION OF PROBABLE COST

SAN JUAN AIRPORT ALTERNATIVE I

FDOT UNIT PRICE

30% COST 

FACTOR PRE-

HURRICANE

POST 

HURRICANE 

FACTOR

Kimley-Horn Puerto Rico, LLC. has no control over the cost of labor, materials, equipment, or services furnished by others, or over methods of determining price, or over 

competitive bidding or market conditions.  Any and all professional opinions as to costs reflected herein, including but not limited to professional opinions as to the costs of 

construction materials, are made on the basis of professional experience and available data.  Kimley-Horn and Associates, Inc. cannot and does not guarantee or warrant that 

proposals, bids, or actual costs will not vary from the professional opinions of costs shown herein.

Unit prices are per FDOT Item Average Unit for year 2017-2018 using Statewide.

CONTINGENCY

SURETY INSURANCE, PERFORMANCE AND BONDS

GRAND TOTAL

CONTRACTOR QUALITY CONTROL

MAINTENANCE OF AIR OPERATIONS

SAFETY PLAN COMPLIANCE DOCUMENT

PROJECT SURVEY AND STAKEOUT

MOBILIZATION

SUB-TOTAL



OPC (Opinion of Probable Cost) 

Alternative 1 (Clear Ditches and Pipe Obstructions) 

Alternative 1 consists of a new drainage connection, removing or trimming vegetation, dredging 

sediment from channels, and clearing sediment and/or obstructions from pipes. The items listed below 

were considered for the estimate of Alternative 1. 

The following items were based on local contractor bids 

• Surety Insurance, Performance, and Bonds 

• Contractor Quality Control 

• Maintenance of Air Operations 

• Safety Plan Compliance Document 

• Project Survey and Stakeout 

Sub-Total Cost: $1,122,903.93 

The following items were based on FDOT Item Average Unit prices for the year 2017-2018 (Statewide) 

• Soil Erosion and Siltation Control (Sediment Barrier & Floating Turbidity Barrier) 

• Desilting Pipes (36”,42”,48” and 60” Dia.) 

• Excavation (Channel) 

• Selective Clearing and Grubbing 

• Construction of End Walls (Concrete, Steel, and Pipe) 

Sub-Total Cost: $3,268,406.17 

Based on FDOT unit prices, and the quantities provided by ESA, a factor of 2 was considered to estimate 

the cost of materials considering post hurricane conditions.  In addition, 10% of total cost was 

considered for Mobilization and a 10% of total cost was considered for contingencies. 

• Alternative 1 (Clear Ditches and Pipe Obstructions) 

Grand Total: $5,313,485.22 

 

Alternative 2 (Clear Ditches and Pipe Obstructions and a Storm Water Pumping Station with a Gate) 

Alternative 2 consists of the same items as Alternative 1 (new drainage connection, removing or 

trimming vegetation, dredging sediment from channels, and clearing sediment and/or obstructions from 

pipes) in addition to, installing isolation gate and (2) pumping systems (60,000 GPM Pump Capacity) at 

(1) locations. The items listed below were considered for the estimate of Alternative 2. 

• Alternative 1 (Clear Ditches and Pipe Obstructions) 

Grand Total: $5,313,485.22 

The following items were based on local contractor bids with the consideration of an increase of costs in 

Puerto Rico due to post hurricane conditions, increased cost of steel, and imported materials and labor.  

• (2) Pumping System (Dewatering, Gates, Sheet Piles, Materials, Labor) 

Sub-Total Costs: Ranges ($12 Million - $15 Million) 

 



• Alternative 2  

(Clear Ditches and Pipe Obstructions and 1 Storm water Pumping Stations and Gates 

Grand Total: ($ 17.3 Million - $20.3 Million) 

Similar project bids ranged from ($1 Million - $ 6 Million).  The City of Miami Beach project is currently in 

construction.  

City of Miami Beach - (2 Pump Stations (60,000 GPM Pump Capacity), Gates, Dewatering, Sheet Piles) 

• $6 Million per Pump Station. Includes materials and labor. 

Ave Los Angeles - (3 Pump Stations (40,000 GPM Pump Capacity), Gates, Dewatering, Sheet Piles) 

• $ 5 Million 

Vista Mar, Carolina Site - (1 Pump Station (24,000 GPM Pump Capacity)) 

• $1 Million  

Isla Verde - (2 Pump Station (24,000-40,000 GPM Pump Capacity)) 

• $5 Million 

 

Kimley-Horn Puerto Rico, LLC. has no control over the cost of labor, materials, equipment, or services 

furnished by others, or over methods of determining price, or over competitive bidding or market 

conditions.  Any and all professional opinions as to costs reflected herein, including but not limited to 

professional opinions as to the costs of construction materials, are made on the basis of professional 

experience and available data.  Kimley-Horn and Associates, Inc. cannot and does not guarantee or 

warrant that proposals, bids, or actual costs will not vary from the professional opinions of costs shown 

herein. 
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���������� � YXX���
 Y�W�ZX\���� �W����� f̂ 7 eaFTcd�̂d7Tda�]h]AdPZ�adPQ̀Jf�j�TF]_Q]Jf
������X � Y\���� Y��Z������ ������� f̂ 7 adPQ̀d�diF]AF7c�eDfbgdJT

������
 
 YXZX\���� Y[
Z������ �
���� Pe 7 adPQ̀d�j�TF]_Q]d�Q̂�]AaDHADaJf�AFPeda
������\ X� Y�Z
\X�W� Y[�Z�X���� X����� f] 7 TdfF̀dah�Q̂�]Jf̀JcdJefd�PJAdaFJf�AQ�̂TQA
��
���� ��� Y[��� Y��Z���Z�[��[� 
Z

\Z
XX�
�� Hh 7 adcDfJa�diHJ̀JAFQ7

��
���
��
 \� Y���[ Y�ZX��Z��X�\� ���Z����[�� Hh 7 eQaaQ:�diHJ̀JAFQ7Z�AaDHb�PdJ]Dad
��
���X � Y���� Y��ZX
���� �Z�\����� Hh 7 fJAdaJf�TFAHg�diHJ̀JAFQ7
��
���[ 
W YW�W\ Y
ZW�
Z����[[ 
W�Z�[����� Hh 7 ]De]QFf�diHJ̀JAFQ7

��
���� X Y���[ Y[Z[\\ZW\
��� ���Z�[\�[�� Hh 7 HgJ77df�diHJ̀JAFQ7
��
���\ W
 Y���� YXXZ�[\ZX���W� [ZX�
Z������� Hh 7 dPeJ7bPd7A
��
���� X� Y
�Z\�\��� Y�Z�[WZ��[��� X����� f] 7 adcDfJa�diHJ̀JAFQ7�kX
a�_aQldHA]�Q7fhm

��
���[ [ YX�
� YX�
Z

W�\� ��WZ�W[���� Hh 7 ]DaHgJacd�dPeJ7bPd7A
��
���� [ Y
X��W YXWZ�WW�
� �Z��[���� Hh 7 diHJ̀JAFQ7�̂Qa�]AaDHADad]

Kyle.Cabrera
Highlight

Kyle.Cabrera
Highlight

Kyle.Cabrera
Highlight

Kyle.Cabrera
Highlight

Kyle.Cabrera
Highlight



���������	
�	
���
�������� �����������

���������������� ���!�"�� #�������� 
$����%&������' �����#��

�����(�)*+��+�)�����(�),+�-+.��

�� ���/��"0�����������"%"�1$��
��#���0� ���2%3$��$"�4��1$"5�5$"�
�������)�(��)���"����6666666

78��89 :;<=>?;@ A8?BC A8?BC DE<?

F?;G H8E?I JK;LB=; JG8ME? NMBE?<?O P;BI QRIS T;IUL<V?<8E

�WW�����
X Y Z�WY��� ZW[��\[W����� 
W[YW����� A7 7 J]̂_�HQ7H�̀H[̀H
�[̀H
�[�_Fa_�̂QbcPde
�WW������� �
 Z\��
� Z�[X

[��\��� ��[W������ A7 7 J]̂_�HQ7H�̀H[AeJ̀ F̀H�f[̀H
\��[̂a��X




�WW������� �\ Z��W��� ZY[�\Y[������ YX[����
�� A7 7 J]̂_�HQ7H�̀H[AeJ̀ F̀H�f[̀H
�
��[̂a��X



�WW������
 WY Z�
\��� ZX[�

[
X���� ��[�
\�X�� A7 7 J]̂_�HQ7H�̀H[AeJ̀ F̀H�H[̀H
\��[̂a��X



�WW������W X� Z��
��Y Z
\[\�W[��W��� 
\�[�Y��
�� A7 7 J]̂_�HQ7H�̀H[AeJ̀ F̀H�H[̀H
�
��[̂a��X




�WW������� \ Z��Y�X� ZW[X�X[�Y��W� WY[Y������ A7 7 J]̂_�HQ7H�̀H[AeJ̀ F̀H�T[̀H
�
��[̂a��X



�WW�����\� � Z��X�X
 Z�[�XX[\���\� ��[\Y����� A7 7 J]̂_�HQ7H�̀H[AeJ̀ F̀H�f[̀H
\��[_Fa_�̂QbcP
�WW�����\W Y Z�W���Y ZW[Y�\[�W\��� 
�[�Y
�
�� A7 7 J]̂_�HQ7H�̀H[AeJ̀�H[̀H
�
��[_Fa_�̂QbcPde

�WW�����\Y 
 Z�
��
� ZY
�[
�
�X� W[Y������ A7 7 J]̂_�HQ7H�̀H[AeJ̀�T[̀H
�
��[_Fa_�̂QbcPde
�WW\��� �� Z�X��Y� ZY[�YX[��
�YX 
�[��\�
�� A7 7 PF]HdbbJ7dQD]�J]̂_JbA�̂JgdPd7A
�W����W��� 
 Z����WY Z�[Y�X��� Y\���� ]c 7 b̂JF7�HdPd7A�HQ7H�̂JgA[�Xh

�W����W��� 
 Z����
Y Z�
�[WWX��� �[�\����� ]c 7 b̂JF7�HdPd7A�HQ7H�̂JgA[��h
�W����W��� � Z�\��� ZW�[��W��� Y������ ]c 7 b̂JF7�HdPd7A�HQ7H�̂JgA[�\h
�W����W��\ � Z������ ZW[W�Y��� 
����� ]c 7 b̂JF7�HdPd7A�HQ7H�̂JgA[���h

�W����W��� 
 Z����� ZXW�[X\��W� �[
������ ]c 7 b̂JF7�HdPd7A�HQ7H�̂JgA[�����h
�W����W��
 � Z\W��� Z�[W\X[\�X��W �Y[\
\���� ]c 7 b̂JF7�HdPd7A�HQ7H�̂JgA[�����h
�W����W��Y � Z\���� Z�[WXW[\����� ��[������� ]c 7 b̂JF7�HdPd7A�HQ7H�̂JgA[��
��h

�W����Y��� � Z�W��� Z

[Y����� 
������ ]c 7 edF7̀QeHdT�HdPd7A�HQ7H�̂gPA[Xh
�W����Y��� � Z�
��WW Z
�[��X��X ��
���� ]c 7 edF7̀QeHdT�HdPd7A�HQ7H�̂gPA[�h
�W����Y��W � Z�
���� Z
X[�X���� 

W���� ]c 7 edF7̀QeHdT�HdPd7A�HQ7H�̂gPA[�
h

�W����� Y ZW�Y
 Z
W�[������ X\[�\����� b̀ 7 HbdJ7F7a�i�]dJbF7a�jQF7A]�
�HQ7H�̂gPA
�W����X 
 Z��YY ZY[\�
��� X�\���� b̀ 7 HbdJ7F7a�i�]dJbF7a�HeJHk]�
�HQ7H�̂gPA
�W���W���W W ZX��Y� Z���[\Y���� 
[XY����� ]c 7 HQ7H�̂JgdPd7A�̀Qe�eQD7TJfQDA�ĴeQ7[��
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�Y����
��� � Z������ ZW[������ W����� Hc 7 HQ7H�HbJ]]�FF[�edAJF7F7a�:Jbb]
�Y����
�
� � ZX����� Z

�[W����� W������ Hc 7 HQ7H�HbJ]]�FF[�PJ]][�feFTad�]Df]AeDHADed
�Y����
�Y� 
 Z����\W ZWWY[�\
��� Y
Y�\�� Hc 7 HQ7H�HbJ]]�FF[�̂edHJ]A�TdHk�QgdebJc

�Y����
�Y� 
 Z�WX��� Z
��[WX���� 
�
�X�� Hc 7 HQ7H�HbJ]]�FF[�HF̂�AQ̂�:	�]e�JTPFl
�Y����W�
� 
 ZY
\��\ Z�WY[Y����� W�W�Y�� Hc 7 HQ7H�HbJ]]�FFF[�]dJb

Kyle.Cabrera
Highlight



���������	
�	
���
�������� �����������

�������������� �!���"�#��!$��������!
%�� �&'������(!�����$��

��� �)�*+,��,�*�����)�*-,�.,/��

��!���0��#1�����������#&#�2%��
��$���1�!���3&4%��%#�5��2%#6�6%#�
��� ���*�)��*���#����7777777

89��9: ;<=>?@<A B9@CD B9@CD EF=@

G@<H I9F@J KL<MC>< KH9NF@ ONCF@=@P Q<CJ RSJT U<JVM=W@=9F

�X����X��� �� Y�Z[[���� Y
Z��[Z�\���X 
Z�X[���� I] 8 IR8I�ÎK__�G̀Z�IÊ àbB_
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��� �Z�[����� I] 8 IR8I�ÎK__�G̀Z�QK__Z�_Ed_BbEIBEba
�X����X�X� 
 Y������ Y[��Z����\X X�X�X�� I] 8 IR8I�ÎK__�G̀Z�IGc�BRc�;	_b�KUQGh
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�X���X
��[ � Y[���� Y\�Z\����� 
Z�
����� _k 8 IKBfRUGI�cbRBaIBGR8�_]_BaQZ�mG8I�K̂EQ�_c

�X���X[ [ Y���� Y��ZX[���� [�Z\������ _k 8 ÎaK8�j�IRKB�IR8IbaBa�_Ebk�Z�ÎK__��
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�_Ed_BbEIBEba
�X�������� \ Y��\� Y�Z������ XZ�[
���� d̂ 8 baG8k�_Baâ
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�WX������
 \ Y����X YX�Z��\�[� X\W���� _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ��
ma	HT
�WX������� X� Y�[���� Y
�XZ�X��XW �ZX������ _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ���ma	HT
�WX������� �� Y[[�[� Y�Z���Z\X��[� �
�Z��\���� _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ���ma	HT

�WX�����
W W\ Y�[��� Y�Z[�
Z�[W�[
 �XZ��X���� _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ�
Wma	HT
�WX�����X� 
\ Y\[��X YWZ
�\Z������ WXZ[������ _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ�X�ma	HT
�WX�����X[ 
W Y�
���� YWZX��Z��[�\\ X�Z��W���� _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ�X[ma	HT

�WX�����W
 �X Y��
��\ Y
Z[�WZX����W ��Z�
[���� _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ�W
ma	HT
�WX�����W� �W Y�����X Y
ZW��Z��\�\� ��Z

W���� _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ�W�ma	HT
�WX������W � Y�\X��� Y�Z�
�Z��\�W
 �Z�
X���� _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ��Wma	HT

�WX�����[� X Y
W���� Y
W�Z�[���
 \\����� _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ�[�ma	HT
�WX�����[[ 
 Y
�\�\X YW�XZW[X�W� �Z[XX���� _g 7 fFf]�HD_bZ�QfA�PJA_Z�eQD7TZ�[[ma	HT

Kyle.Cabrera
Highlight

Kyle.Cabrera
Highlight



1
0
/
2
5
/
2
0
1
6

8
:1

6
:2

8
 

A
M

R
E

V
I
S
I
O

N

NO.

SHEET

NO.

INDEXDESCRIPTION:

REVISION

LAST

                                           

                                           
                                           

        of          DESIGN STANDARDS

FY 2017-18         STRAIGHT CONCRETE ENDWALLS         

         SINGLE AND MULTIPLE PIPE          
                                           

07/01/01  2 2  250  

ROUND CONCRETE AND CORRUGATED METAL PIPE

CORRUGATED METAL PIPE ARCH

CONCRETE ELLIPTICAL PIPE

DATA AND ESTIMATED QUANTITIES FOR ONE ENDWALL

D

Number Of Pipes

1 2 3 4
A B C E F G S

X

Dimensions

Single

Conc Metal Concrete

Double

Metal Concrete

Triple

Class I  Concrete (CY)

Metal Concrete

Quadruple

Metal

D

Number And Type Of Pipe And Skew Angle Of Pipe

Span Rise

Number Of Pipes

1 2 3 4
A B C E F G S

X

0° 15° 30° 45°

Single Double

0° 0° 15° 30° 45°

Number Of Pipe And Skew Angle Of Pipe

Class I  Concrete (CY)

Triple

0° 15° 30° 45° 0° 15° 30° 45°

Quadruple

Span Rise

SpanRise

45°30°15°0°

Quadruple

45°30°15°0°

Triple

Number Of Pipe And Skew Angle Of Pipe

Class I Concrete (CY)

Double

45°30°15°0°0°

Single

45°30°

X

15°0°
SG

Dimensions

FECBA
4

Number Of Pipes

321

SpanRise

0° 0° 0° 15° 30° 45° 0° 15° 30° 45° 0° 15° 30° 45° 0° 15° 30° 45° 0° 15° 30° 45° 0° 15° 30° 45°

Dimensions

0° 15° 30° 45°

(SF)

Opening Area

(SF)

Opening Area

Pipe

Round

Equiv.

Approx.

(SF)

Opening Area

Pipe

Round

Equiv.

Approx.

36.55

12"

14"

24"

29"

34"

38"

43"

58"

48"

53"

19"

18"

23"

30"

38"

45"

53"

60"

68"

76"

91"

83"

1.3

1.8

3.3

5.1

7.4

10.2

12.9

16.6

20.5

24.8

29.5

2.6

3.6

6.6

10.2

14.8

20.4

25.8

33.2

41.0

49.6

59.0

3.9

5.4

9.9 

15.3

22.2

30.6

38.7

49.8

61.5

74.4

88.5

5.2

7.2

13.2

20.4

29.6

40.8

51.6

66.4

82.0

99.2

118.0

1'-8"

1'-10"

2'-3"

2'-8"

3'-1"

3'-6"

3'-10"

4'-3"

4'-8"

5'-1"

5'-6"

2'-1"

3'-9"

"2
14'-2

"2
15'-1

6'-3"

"2
17'-11

8'-9"

7'-0"

"2
19'-8

10'-8"

11'-7"

"2
112'-6

1'-10"

1'-11"

2'-1"

2'-2"

2'-3"

2'-4"

2'-6"

2'-9"

3'-2"

3'-6"

0'-3"

"2
11'-7

2'-9"

3'-6"

"2
14'-5

5'-3"

"2
16'-2

7'-2"

8'-1"

"2
19'-0

1'-2"

1'-3"

1'-4"

1'-5"

1'-6"

1'-7"

1'-8"

1'-10"

2'-6"

2'-10"

2'-0"

1'-2"

1'-3"

1'-4"

1'-5"

1'-6"

1'-7"

1'-8"

1'-10"

2'-6"

2'-10"

2'-0"

2'-11"

3'-6"

4'-4"

5'-4"

6'-3"

7'-4"

8'-2"

9'-2"

10'-1"

10'-11"

11'-9"

2'-10"

3'-5"

4'-2"

5'-2"

6'-0"

7'-1"

7'-11"

8'-10"

9'-9"

10'-7"

11'-4"

2'-10"

3'-5"

4'-2"

5'-2"

6'-0"

7'-1"

7'-11"

8'-10"

9'-9"

10'-7"

11'-4"

3'-3"

3'-11"

6'-0"

4'-10"

6'-11"

8'-2"

9'-2"

10'-2"

11'-3"

12'-3"

13'-1"

4'-0"

4'-10"

5'-11"

7'-4"

8'-6"

10'-0"

11'-2"

12'-6"

13'-9"

15'-0"

16'-0"

1.09

1.36

1.89

2.64

3.32

4.24

5.22

8.66

6.63

12.50

16.46

1.45

1.82

2.55

3.55

4.48

5.76

7.16

9.01

11.74

16.98

22.26

1.46

1.84

2.57

3.58

4.52

5.81

7.23

9.09

16.98

11.85

1.51

1.89

2.65

3.69

4.66

6.00

7.46

9.38

12.22

17.67

23.16

1.60

2.01

2.82

3.93

4.96

6.39

7.96

10.00

13.02

18.83

24.66

1.80

2.29

3.22

4.48

5.64

7.29

9.10

11.39

14.82

21.47

28.05

1.82

2.32

3.27

4.54

5.72

7.40

9.24

11.56

15.04

21.78

1.91

2.43

3.43

4.77

6.00

7.76

9.70

12.13

15.77

22.86

29.85

2.09

2.68

3.77

5.24

6.60

8.55

10.71

13.36

17.37

25.18

32.85

2.16

2.75

3.88

5.39

6.80

8.81

11.05

13.77

17.91

25.97

33.85

2.20

2.80

3.95

5.49

6.92

8.97

11.25

14.02

18.23

26.44

34.46

2.33

2.97

4.19

5.82

7.34

9.52

11.95

14.88

19.34

28.06

2.60

3.33

4.70

6.53

8.24

10.70

13.46

16.73

21.74

31.55

41.05

12"

14"

19"

24"

29"

34"

38"

43"

48"

53"

58"

18"

23"

30"

38"

45"

53"

60"

76"

83"

91"

68"

15"

18"

24"

30"

36"

42"

48"

54"

60"

66"

72"22.46 28.46

"2
18

39.6 10'-0"

11'-1"

17"

21"

28"

35"

42"

49"

57"

64"

71"

13"

15"

20"

24"

29"

33"

38"

43"

47"

1.1

1.6

2.8

5.9

4.3

8.4

10.6

13.2

16.9

2.2

3.2

5.6

8.6

11.8

16.8

21.2

26.4

33.8

3.3

4.8

8.4

12.9

17.7

25.2

31.8

50.7

4.4

6.4

11.2

17.2

23.6

33.6

42.4

52.8

67.6

1'-9"

1'-11"

2'-4"

2'-8"

3'-1"

3'-5"

3'-10"

4'-3"

4'-7"

1'-2"

1'-3"

1'-4"

1'-5"

1'-6"

1'-7"

1'-8"

1'-10"

1'-2"

3'-10"

4'-3"

5'-2"

"2
16'-10

"2
18'-7

"2
19'-6

10'-4"

7'-8"

1'-10"

1'-11"

2'-0"

2'-1"

2'-2"

2'-3"

2'-4"

2'-6"

1'-10"

1'-2"

1'-3"

1'-4"

1'-5"

1'-6"

1'-7"

1'-8"

2'-0"

1'-2"

0'-4"

0'-9"

1'-8"

"2
12'-5

"2
13'-4

4'-2"

"2
16'-0

6'-10"

"2
15'-1

2'-6"

2'-10"

3'-5"

5'-6"

6'-4"

7'-1"

7'-10"

4'-0"

4'-9"

2'-7"

2'-11"

3'-6"

4'-2"

4'-11"

5'-8"

6'-7"

7'-4"

8'-1"

2'-6"

2'-10"

3'-5"

5'-6"

6'-4"

7'-1"

7'-10"

4'-0"

4'-9"

2'-11"

3'-3"

3'-11"

4'-7"

5'-6"

6'-4"

7'-4"

8'-2"

9'-1"

3'-6"

4'-0"

4'-10"

5'-8"

6'-9"

7'-9"

8'-11"

1.16

1.33

1.78

2.34

3.13

3.83

4.87

5.88

7.80

1.47

1.69

2.31

3.03

4.06

5.00

6.31

7.64

10.15 10.23

7.70

6.36

5.04

4.09

3.05

2.33

1.70

1.48 1.52

1.75

2.39

3.14

4.20

6.53

10.51

7.91

5.18

1.60

1.84

2.53

3.32

4.45

5.48

8.37

11.12

6.91

1.78

2.04

2.83

3.72

4.99

6.16

9.40

7.74

1.80

2.06

2.87

3.77

5.06

6.24

7.84

9.52

12.65

1.88

2.15

2.99

3.93

5.28

6.52

8.18

9.94

13.22

2.04

2.33

3.26

4.29

5.76

7.12

8.93

10.86

14.43

2.09

2.40

3.36

4.40

5.93

7.32

9.18

11.15

14.85

2.12

2.44

3.42

4.47

6.03

7.44

9.33

15.10

11.33

2.57

3.60

4.72

6.36

7.86

9.85

11.97

15.94

2.48

2.84

4.01

5.25

8.76

7.09

10.96

17.77

13.33

17"

21"

28"

35"

42"

49"

57"

64"

71"

13"

15"

20"

24"

29"

33"

38"

43"

47"

2.23

12.49

15"

18"

24"

30"

36"

42"

48"

54"

60"

"2
15'-11

15"

18"

21"

24"

27"

30"

36"

42"

48"

54"

1.23

1.77

2.41

3.14

3.98

4.91

7.07

9.62

12.57

15.90

2.46

3.54

4.82

6.28

7.96

9.82

14.14

19.24

25.14

31.80

3.69

5.31

7.23

9.42

11.94

14.73

21.21

28.86

37.71

47.70

4.92

7.08

9.64

12.56

15.92

19.64

28.28

38.48

50.28

63.60

1'-11"

2'-2"

2'-5"

2'-8"

1'-2"

1'-3"

1'-4"

1'-5"

1'-6"

1'-8"

2'-0"

2'-3" 7'-8"

7.34

2'-11"

3'-2"

3'-8"

4'-2"

4'-8"

5'-2"

1'-2"

1'-3"

1'-4"

1'-5"

1'-6"

1'-8"

1'-10"

2'-1"

2'-6"

1'-4"

4'-0"

4'-6"

5'-0"

5'-6"

6'-0"

6'-6"

7'-6"

9'-6"

10'-6"

1'-10"

1'-11"

2'-0"

2'-1"

2'-2"

2'-4"

2'-6"

3'-2"

2'-9"

2'-0" 1'-4"

2'-0"

0'-6"

1'-0"

1'-6"

2'-0"

2'-6"

3'-0"

4'-0"

5'-0"

7'-0"

6'-0"

2'-7"

2'-10"

3'-2"

3'-5"

5'-1"

6'-0"

6'-9"

2'-7"

2'-10"

3'-2"

3'-5"

3'-10"

4'-3"

5'-1"

6'-0"

6'-9"

7'-8"

2'-8"

2'-11"

3'-3"

3'-6"

4'-0"

4'-5"

5'-3"

6'-3"

7'-11"

7'-0"

3'-0"

3'-3"

3'-8"

3'-11"

4'-5"

4'-11"

5'-10"

7'-10"

8'-10"

6'-11"

3'-8"

4'-0"

4'-6"

4'-10"

5'-5"

6'-0"

7'-2"

8'-6"

9'-7"

10'-10" 11.71

8.15

6.33

4.53

3.26

2.73

2.24

1.97

1.56

1.23 1.24

1.59

2.29

3.34

4.64

6.49

8.38

11.77

1.59

1.99

2.82

4.13

5.73

8.11

10.40

15.23

1.60

2.01

2.84

4.16

5.77

8.17

15.35

1.65

2.06

2.91

4.26

5.92

8.39

10.75

15.78

1.74

2.17

3.06

4.49

6.23

8.85

11.33

16.69

1.62

2.04

4.28

2.91

5.95

10.85

8.43

1.63

2.06

2.93

4.31

6.00

10.94

8.50

1.68

2.11

3.01

4.43

6.15

8.73

11.23

1.78

2.23

3.17

4.67

6.49

9.23

11.87

1.94

2.43

3.39

4.98

6.92

9.90

12.64

18.77

1.96

2.46

5.04

7.00

10.02

12.80

19.02

2.05

2.56

3.57

5.25

10.45

13.34

19.86

7.29

2.23

2.79

3.87

5.69

7.91

11.38

14.50

21.69

1.99

2.51

3.52

5.20

7.25

10.38

13.34

2.02

2.54

3.56

5.27

10.52

13.51

2.11

2.65

3.71

5.49

7.65

10.98

14.11

2.30

2.89

4.03

5.97

8.33

11.99

15.39

2.30

2.86

3.97

5.84

8.13

11.68

14.89

22.29

2.34

2.91

4.03

5.93

8.26

11.87

15.13

22.66

2.47

3.06

4.24

6.24

8.69

12.51

15.93

23.93

2.74

3.40

4.69

9.62

13.89

17.68

26.67

2.96

4.14

6.13

8.57

12.32

15.82

2.41

3.01

4.20

6.23
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Airfield Drainage Improvement Project 
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Ambienta Inc.

Regional Supplement to the Corps of

Engineers Wetland Delineation Manual: Caribbean Islands Region 
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*Soil descriptions from Soil Survey of Humacao Area of Eastern of Puerto Rico.
**Classified as hydric soils in the Hydric Soils of the Caribbean Area List from the USDA Soil Conservation Service.
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Tel. (787) 510-7031 / (787) 732-0907 

HC2 Box 14029 Aguas Buenas, PR 00703       FAX (787) 732-0907 / 



                                       
Tel. (787) 510-7031 / (787) 732-0907 

HC2 Box 14029 Aguas Buenas, PR 00703       FAX (787) 732-0907 / 

Regional Supplement to the Corps of Engineers Wetland 

Delineation Manual: Caribbean Islands Region.
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Delonix 

regia Casuarina equisetifolia Albizia procera 

Terminalia catappa 

Megatirsus maximum Sansevieria hyacinthoides 

Pennisetum purpureum Paulinia pinnata 

Cassytha filiformis Passiflora suberosa 

Calophyllum antillanum 

Delonix regia

Casuarina equisetifolia Albizia procera Terminalia 

catappa Cocos nucifera 

Zoysia matrella 

Cynodon dactylon Chloris spp Megatirsus 

maximum Cuphea micrantha Cenchrus echinatus 

Bidens alba Bidens alba Eleusine indica 

Paspalum fasciculatum 
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Cyperus ligularis C. iria 

C. polystachyos C. odoratus Paspalum  fasciculatum

Paspalum vaginatum Pennisetum  purpureum 

Urochloa mutica Paspalum  milegrana

Cyperus ligularis C.

iria C. polystachyos C. odoratus Paspalum fasciculatum

Pennisetum purpureum Urochloa mutica 

Colocasia esculenta Phragmites australis

Typha domingensis 

Laguncularia racemosa ,

Avicennia germinans Rhizophora mangle 
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A.germinans L.racemosa R.mangle Anonna glabra

Casuarina equisetifolia Dalbergia ecastaphyllum
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Cyperus spp T.domingensis P.fasciculatum Hymenachne amplexicaulis

Bacopa monnieri Ludwigia octovalvis
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Pelecanus

occidentalis Falco peregrinus Sterna 

antillarum Sterna dougalli

Dendrocygna arborea Oxyura jamaicensis

Nomonix dominicana Fulica caribaea

Agelaius xanthomus



                                       
Tel. (787) 510-7031 / (787) 732-0907 

HC2 Box 14029 Aguas Buenas, PR 00703       FAX (787) 732-0907 / 

Sterna dougallii

Agelaius xanthomus

Pelecanus occidentalis
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Vireo latimeri

Cardisoma guanhumi 

Molothrus bonariensis
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there are no listed species under the purview of the 

Service within the airport limits
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Agelaius xanthomus
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Epicrates inornatus
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Scientific Name

Abrus precatorius
Acrocomia media 
Acrostichum aureum 
Acrostichum danaeifolium 
Albizia lebbeck
Albizia procera
Ammannia coccinea 
Andira inermis 
Ardisia eliptica 
Ardisia obovata
Areca catechu
Avicennia germinans 
Azadirachta indica 
Bacopa innomint 
Bacopa monnieri 
Bacopa renpens 
Batis maritima 
Bidens alba radiata
Bidens pilosa
Boerhavia scandens
Bourreria succulenta 
Brassaia actinophylla 
Bucida buceras
Bursera simaruba
Caesalpinea bonduc 
Calophyllum antillanum
Calophyllum inophyllum 
Calotropis procera 
Cassytha filiformis
Casuarina equisetifolia 
Cecropia schreberiana
Cenchrus echinatus
Ceratopteris thalictroides 
Cestrum diurnum
Chamaecrista nictitans 
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Scientific Name

Chloris barbata
Chloris inflata
Chloris radiata
Chrysobalanus icaco
Citharexylum fruticosum 
Cladium jamaicense
Coccoloba uvifera 
Cocos nucifera
Colocasia esculenta 
Colubrina arborescens 
Commelina diffusa 
Commelina erecta 
Conocarpus erectus 
Cuphea micrantha 
Cynodon dactylon
Cyperus articulatus 
Cyperus distans
Cyperus iria 
Cyperus ligularis 
Cyperus odoratus 
Cyperus polystachyos 
Cyperus rotundus 
Dalbergia ecastaphyllum 
Delonix regia 
Desmanthus virgatus

Desmodium incanum incanum
Dryopteris filix-mas 
Eleocharis cellulosa 
Eleocharis elegans
Eleocharis geniculata 
Eleocharis interstincta  
Eleocharis mutata 
Eleusine indica
Emilia Sonchifolia
Eugenia pseudopsidium
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Scientific Name

Fimbristylis cymosa 
Heliotropium curassavicum 
Hymenachne amplexicaulis 
Ipomoea pes-caprae Brasiliensis 
Ipomoea tiliacea 
Isachne angustifolia
Jasminum fluminense
Laguncularia racemosa 
Leucaena leucocephala 
Lippia nodiflora
Ludwigia octovalvis  
Megatirsus maximum 
Melicoccus bijugatus
Miconia laevigata 
Mimosa casta 
Mimosa pudica
Momordica charantia 
Nephrolepis exaltata 
Neptunia plena 
Paspalum conjugatum 
Paspalum distichum 
Paspalum fasciculatum 
Paspalum millegrana 
Paspalum vaginatum
Passiflora suberosa
Paulinia pinnata
Peltophorum pterocarpum 
Pennisetum purpureum
Phragmites australis
Piper aduncum 
Pithecellobium dulce
Ptychosperma macarthurii
Pueraria phaseoloides 
Randia aculeata 
Rhizophora mangle
Rhynchospora colorata 
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Scientific Name

Ricinus communis 
Roystonea borinquena 

Saccharum spontaneum
Sagittaria lancifolia 
Sansevieria hyacinthoides
Sansevieria trifasciata 
Schoenoplectus americanus
Senna nitida 
Senna siamea
Sesbania sericea 
Sesuvium portulacastrum
Setaria geniculata
Sida rhombifolia
Spathodea campanulata
Sphagneticola trilobata 
Spondias monbin
Sporolobus indicus
Sporolobus virginicus 
Stachytarpheta jamaicensis 
Swietenia macrophylla 
Synedrella nodiflora
Syngonium podophyllum 
Tabebuia heterophylla
Tabebuia rosea 
Terminalia catappa
Thalia geniculata
Thespesia populnea 
Thumbergia alata
Tridax procumbens
Typha domingensis 
Urochloa adspersa 
Urochloa mutica  
Veitchia merrillii 
Zoysia matrella matrella
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Scientific Name

Podicipedidae
Podilymbus podiceps

Pelecanus occidentalis

Fregata magnificens

Ardea herodias
Ardea alba
Egretta garzetta
Egretta thula
Egretta caerulea
Egretta tricolor
Bubulcus ibis
Butorides virescens

Nycticorax nycticorax

Nyctanassa violacea

Pandion haliaetus
Buteo jamaicensis

Falco sparverius

Rallus longirostris
Gallinula chloropus
Fulica americana

Charadrius semipalmatus
Charadrius vociferus

Himantopus mexicanus

Actitis macularius
Tringa solitaria

Tringa melanoleuca

Leucophaeus atricilla
Sternula antillarum
Gelochelidon nilotica
Thalasseus maximus
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Scientific Name

Columba livia
Patagioenas leucocephala
Zenaida asiatica
Zenaida aurita
Columbina passerina

Myiopsitta monachus

Coccyzus vieilloti
Crotophaga ani

Anthracothorax viridis

Megaceryle alcyon

Melanerpes portoricensis

Tyrannus dominicensis
Tyrannus caudifasciatus

Vireo latimeri
Vireo altiloquus

Progne dominicensis
Petrochelidon fulva

Turdus plumbeus

Mimus polyglottos
Margarops fuscatus

Seiurus noveboracensis

Coereba flaveola

Loxigilla portoricensis
Tiaris bicolor

Tiaris olivacea



                                       
Tel. (787) 510-7031 / (787) 732-0907 

HC2 Box 14029 Aguas Buenas, PR 00703       FAX (787) 732-0907 / 

Scientific Name

Quiscalus niger
Molothrus bonariensis

Passer domesticus

Euplectes franciscanus

Bufo marinus

Eleutherodactylus brittoni
Eleutherodactylus coqui
Leptodactylus albilabris

Rana catesbeana

Trachemys stejnegeri
Trachemys scripta elegans

Trachemys scripta scripta

Iguana iguana

Anolis cristatellus cristatellus
Anolis pulchellus
Anolis stratulus

Ameiva exsul

Sphaerodactylus macrolepis 
ateles

Caiman cocodrilus
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Scientific Name

Molossus molossus debilis

Rattus norvegicus
Mus musculus

Herpestes auropunctatus

Felis domesticus

Megalopus atlantica

Elops saurus

Centenralis edentulus

Poecilia vivipara

Centropomus ensiferus
Centropomus undecimalis

Eucinostomus sp.

Sphyraena barracuda

Gobiomorus dormitor

Tilapia mossambica
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Scientific Name

Macrobrachium acanthurus
Xyphocaris sp.
Callinectes sapidus

Aratus pisonii

Sesarma ricordi

Scolopendridae
Scolopendra alternana

Orthemis ferruginea

Nasutitermes costalis 

Argiope argentata

Phoebis sp.

Orthmorpha coarctata

Orthocricus arboreus

Caracolus caracolla

Bulimulus guadalupensis
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ENVIRONMENTAL SENSITIVITY INDEX MAP

PR 12SAN JUAN, P.R. (1982)

Not For Navigation

Published at Seattle, Washington
National Oceanic and Atmospheric Administration

National Ocean Service
Office of Response and Restoration

Hazardous Materials Response Division1 .5 0 1

1 .5 0 1 MILE

KILOMETER

SCALE 1:55000

SHORELINE HABITATS (ESI)
1A   EXPOSED ROCKY CLIFFS
1B   EXPOSED, SOLID MAN  MADE STRUCTURES
2A   EXPOSED WAVE  CUT PLATFORMS IN BEDROCK
2B   SCARPS AND STEEP SLOPES IN MUDDY SEDIMENTS
3A   FINE   TO MEDIUM  GRAINED SAND BEACHES

4    COARSE  GRAINED SAND BEACHES

5    MIXED SAND AND GRAVEL BEACHES

6A   GRAVEL BEACHES

6B   RIPRAP

7    EXPOSED TIDAL FLATS

8A   SHELTERED ROCKY SHORES

8B   SHELTERED, SOLID MAN  MADE STRUCTURES

9A   SHELTERED TIDAL FLATS
9B   SHELTERED VEGETATED LOW BANKS

SALT   AND BRACKISH  WATER MARSHES

FRESHWATER MARSHES

FRESHWATER SWAMPS

10D MANGROVES

FRESHWATER SCRUB/SHRUB

STREAM REACHES (RSI)
1   QUIET POOL; LOW  SENSITIVE BANKS

2   STRAIGHT CHANNEL WITH CURRENTS;
     LOW  SENSITIVE BANKS (MUD DOMINANT)
3   MEANDERING CHANNEL; SAND POINT BARS

4   MEANDERING CHANNEL; VEGETATED POINT BARS

5   RAPIDS OVER BEDROCK

6   MEANDERING CHANNEL; SAND AND GRAVEL
     POINT BARS
7   SPLIT CHANNEL WITH COARSE GRAVEL;
     SOME RAPIDS
8   SMALL FALLS; BOULDERS IN CHANNEL

9   LARGE FALLS; BOULDERS IN CHANNEL

10  CHANNELS WITH ASSOCIATED VULNERABLE WETLANDS

KARST
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SCALE 1:55000

SHORELINE HABITATS (ESI)
1A   EXPOSED ROCKY CLIFFS
1B   EXPOSED, SOLID MAN  MADE STRUCTURES
2A   EXPOSED WAVE  CUT PLATFORMS IN BEDROCK
2B   SCARPS AND STEEP SLOPES IN MUDDY SEDIMENTS
3A   FINE   TO MEDIUM  GRAINED SAND BEACHES

4    COARSE  GRAINED SAND BEACHES

5    MIXED SAND AND GRAVEL BEACHES

6A   GRAVEL BEACHES

6B   RIPRAP

7    EXPOSED TIDAL FLATS

8A   SHELTERED ROCKY SHORES

8B   SHELTERED, SOLID MAN  MADE STRUCTURES

9A   SHELTERED TIDAL FLATS
9B   SHELTERED VEGETATED LOW BANKS

SALT   AND BRACKISH  WATER MARSHES

FRESHWATER MARSHES

FRESHWATER SWAMPS

10D MANGROVES

FRESHWATER SCRUB/SHRUB

STREAM REACHES (RSI)
1   QUIET POOL; LOW  SENSITIVE BANKS

2   STRAIGHT CHANNEL WITH CURRENTS;
     LOW  SENSITIVE BANKS (MUD DOMINANT)
3   MEANDERING CHANNEL; SAND POINT BARS

4   MEANDERING CHANNEL; VEGETATED POINT BARS

5   RAPIDS OVER BEDROCK

6   MEANDERING CHANNEL; SAND AND GRAVEL
     POINT BARS
7   SPLIT CHANNEL WITH COARSE GRAVEL;
     SOME RAPIDS
8   SMALL FALLS; BOULDERS IN CHANNEL

9   LARGE FALLS; BOULDERS IN CHANNEL

10  CHANNELS WITH ASSOCIATED VULNERABLE WETLANDS
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SOURCE: Aerostar (Aerial Imagery); Cowardin ET AL, 1979; Adapted by Ambienta Inc. 2017; ESA, 2018. Figure 1
Luiz Muñoz Marín International Airport Environmental Assessment
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FEDERALLY- LISTED SPECIES HAVING POTENTIAL TO OCCUR IN THE STUDY AREA 

Scientific Name 
Common Name 

USFWS 
Federal 
Listing 
Status 

NOAA 
Listing 
Status 

General Habitat 
Potential to Occur in the 
Detailed Study Area 

Amphibians  
Anolis roosevelti 
Culebra Island 
Giant Anole 

FE  The Culebra Island Giant Anole inhabits the forested slopes of Mt. Resaca. None – No suitable habitat for this 
species on-site or in the 
surrounding area. The Study Area 
is not within the species current 
range. 

Eleutherodactylus 
cooki 
Guajon 

FT  The guajon typically inhabits humid forests near rivers and is found among large bolder clusters.  None – No suitable habitat for this 
species on-site or in the 
surrounding area. The Study Area 
is not within the species current 
range. 

Eleutherodactylus 
jasperi 
Golden Coqui 

FT  Species is restricted to a few fresh waterbodies containing bromeliads that are found in certain 
tropical/subtropical forests and rocky areas.   

None – No suitable habitat for this 
species on-site or in the 
surrounding area The Study Area 
is not within the species current 
range. 

.Eleutherodactylus 
juanariveroi 
Llanero Coqui 

FE  The Llanero coqui is only found in a single wetland habitat area less than 100 square kilometers in 
size. All individuals are found in the one location.          

None – No suitable habitat for this 
species on-site or in the 
surrounding area.   The Study 
Area is not within the species 
current range. 

Peitophryne lemur 
Puerto Rican 
Crested Toad 

FT  This species has a restricted range and is known to only occur along the north and south coasts of 
Puerto Rico. The northern coast population has not been recorded since 1992 and may be 
extirpated along the northern coast. Species is known to occur in semi-arid, rocky areas of seasonal 
evergreen forest.    

None – No suitable habitat for this 
species on-site or in the 
surrounding area. The Study Area 
is not within the species current 
range. 

Sphaerodactylus 
micropithecus 
Monito Gecko 

FE  Only found on Monito Island, which is a part of the Mona and Monito Island Nature Reserve of 
Puerto Rico.   

None – No suitable habitat for this 
species on-site or in the 
surrounding area. The Study Area 
is not within the species current 
range. 

Birds 
Accipiter striatus 
venator 
Puerto Rican 
Sharp-Shinned 
Hawk 

FE  Extant breeding populations are known from montane habitat of the Maricao Commonwealth Forest, 
Toro Negro Commonwealth Forest, Guilarte Commonwealth Forest, Carite Commonwealth Forest, 
and the Caribbean National Forest.  

None – No suitable habitat for this 
species on-site or in the surrounding 
area. The Study Area is not within 
the species current range. 
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Scientific Name 
Common Name 

USFWS 
Federal 
Listing 
Status 

NOAA 
Listing 
Status 

General Habitat 
Potential to Occur in the 
Detailed Study Area 

Agelaius 
xanthomus 
Yellow-
Shouldered 
Blackbird 

FE  This species was once commonly found in Puerto Rico’s coastal dry forests; however, habitat loss 
and predation has limited the range of this species to three areas (islands of Mona and Monito, 
Roosevelt Roads Naval Station, and the dry forests along Puerto Rico’s southern coastline. 

None –The Study Area is not 
within the species current range. 

Amazona vittata 
Puerto Rican 
Parrot 

FE  This species is found in forest habitats at elevations of 200 to 600 meters above mean sea level. None – No suitable habitat for this 
species on-site or in the 
surrounding area.  The Study Area 
is not within the species current 
range.  

Buteo platypterus 
brunnescens 
Puerto Rican 
Broad-Winged 
Hawk 

FE  Extant populations are restricted to montane habitats of three forests: Rio Abajo Commonwealth 
Forest, Carite Commonwealth Forest and Caribbean National Forest.  

None – No suitable habitat for this 
species on-site or in the surrounding 
area.   The Study Area is not within 
the species current range. 

Caprimulgus 
noctitherus 
Puerto Rican 
Nightjar 

FE  This species is found along the coastal and lower mountain forests of southern and southwestern 
Puerto Rico.   

None – No suitable habitat for this 
species on-site or in the 
surrounding area.   The Study 
Area is not within the species 
current range. 

Columba inornata 
wetmorei 
Puerto Rican 
Plain Pigeon 

FE  Populations of this species are known to occur in the municipality of Cidra and parts of the 
surrounding municipalities of Cayey, Caguas, Comerio, Aguas Buenas, and Aibonito in east-central 
Puerto Rico. This species Is adaptive to a range of habitats. 

None – Study Area is not within 
the species current range 

Setophaga 
angelae 
Elfin-Woods 
Warbler 

FT  This species is endemic to upland forests of Puerto Rico and its range is limited to the middle to 
higher elevation of tropical habitats along the Cordillera Central, Sierra de Cayey and Sierra de 
Luquillo. 

None – No suitable habitat for this 
species on-site or in the 
surrounding area.   The Study 
Area is not within the species 
current range. 

Sterna dougallii 
dougallii 
Roseate Western 
Hemisphere Tern 

FT  Roseate terns nest on small barrier islands, often at ends or breaks. They nest in hollows or under 
dense vegetation, debris or rocks.          
 

None – No suitable habitat for this 
species on-site or in the 
surrounding area.    

Corals and Allies 



 
FEDERALLY- LISTED SPECIES HAVING POTENTIAL TO OCCUR IN THE STUDY AREA 

Scientific Name 
Common Name 

USFWS 
Federal 
Listing 
Status 

NOAA 
Listing 
Status 

General Habitat 
Potential to Occur in the 
Detailed Study Area 

Acropora 
cervicornis 
Staghorn Coral 

T T Staghorn coral are most often observed in back reef and fore reef environments from 0-100 feet (0 
to 30 meters) deep.  Its growth pattern is defined by wave forces at its upper limits, and the amount 
of suspended sediments and light availability at its lower limits. 

None – Actual reef environments 
are not located within the 
immediate area of the proposed 
project, however portions of 
Laguna La Torrecilla and Laguna 
Los Corozos may be deep enough 
to support habitat within the Study 
Area.    

Acropora palmate 
Elkhorn Coral 

T T Elkhorn coral is typically found in shallow water (1-5 meters deep) throughout the Caribbean and on 
the Florida Reef Tract, in areas of heavy surf. Coral colonies prefer exposed reef crest and fore reef 
environments in depths of less than 6 meters,  

None – Actual reef environments 
are not located within the 
immediate area of the proposed 
project, however portions of 
Laguna La Torrecilla and Laguna 
Los Corozos may be deep enough 
to support habitat within the Study 
Area. 

Dendrogyra 
cylindrus 
Pillar Coral  

T T Colonies of pillar coral are found on flat or gently sloping back reef and fore reef environments from 
1-25 meters in depth. 

None – Actual reef environments 
are not located within the 
immediate area of the proposed 
project, however portions of 
Laguna La Torrecilla and Laguna 
Los Corozos may be deep enough 
to support habitat within the Study 
Area. 

Mycetophyllia 
ferox 
Rough Cactus 
Coral 

T T This species is most common in fore reef environments from 5-30 meters in depth, but can also 
occur in certain deeper back reef habitats and deep lagoons. 

Low – Actual reef environments 
are not located within the 
immediate area of the proposed 
project, however portions of 
Laguna La Torrecilla and Laguna 
Los Corozos may be deep enough 
to support habitat within the Study 
Area. 

Orbicella 
annularis 
Lobed Star Coral  

T T It has recently been discovered that this species of coral contains a species complex that can be 
divided into three distinct species: O. annularis, O. faveolata and M. franksi.  This species is found in 
the ocean between shallow and intermediate depths (between 1 to 20 meters in depth) 

None - Actual reef environments 
are not located within the 
immediate area of the proposed 
project, however portions of 
Laguna La Torrecilla and Laguna 
Los Corozos may be deep enough 
to support habitat within the Study 
Area.    
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Potential to Occur in the 
Detailed Study Area 

Orbicella 
faveolata  
Mountainous Star 
Coral 

T T Mountain star coral is typically found from 1-30 meters in depth, in back reef and fore-reef habitats.  
This species is considered the most abundant coral between 10-20 meters in depth within four-reef 
environments. 

None - Actual reef environments 
are not located within the 
immediate area of the proposed 
project, however portions of 
Laguna La Torrecilla and Laguna 
Los Corozos may be deep enough 
to support habitat within the Study 
Area.    

Orbicella franksi 
Boulder Star Coral 

T T This species is found from 1-30 meters in depth, in back reef and fore-reef marine habitats. None - Actual reef environments 
are not located within the 
immediate area of the proposed 
project, however portions of 
Laguna La Torrecilla and Laguna 
Los Corozos may be deep enough 
to support habitat within the Study 
Area. 

Fish 
Epinephelus 
striatus  
Nassau Grouper 

CS T Nassau groupers typically occur in water depths of at least 130 meters and are most abundant in 
clear water with rocky substrate.  The eggs and larvae are left to open water surfaces of the ocean; 
however, as Juveniles they inhibit mangroves, sea grass beds, and coarse rubble areas where they 
feed on small crustaceans and fishes.      

Low – Although suitable habitat 
exists adjacent to the Study Area, 
the airfield ditches are shallow 
features that are clogged / heavily 
vegetated surface waters that 
receive freshwater input from the 
western side of the airfield.    

Sphyrna lewini  
Scalloped 
Hammerhead 
Shark 

T T The scalloped hammerhead shark is a coastal and semi-oceanic pelagic shark, It is found over 
insular shelves and in deep water, ranging from the intertidal and surface to at least 275 meters in 
depth. The pups of this species tend to stay in coastal zones, near the bottom, occurring at high 
concentrations during summer in estuaries and bays.  Neonates and juveniles are known to shoal in 
confined coastal pupping areas for up to two years before moving out to adult habitat.  

None - No suitable habitat for this 
species on-site or in the 
surrounding area.    

Mammals 
Balaenoptera 
borealis 
Sei Whale 

E E Sei whales are observed in deeper waters of the ocean, far from the coastline. None - No suitable habitat for this 
species on-site or in the 
surrounding area.    

Balaenoptera 
musculus 
Blue Whale 

E E This species is can be found worldwide and typically occur offshore more so than any other whale 
species.   

None - No suitable habitat for this 
species on-site or in the 
surrounding area.    

Balaenoptera 
physalus 
Fin Whale 

E E Fin whales are typically found in deep waters of all major oceans, however are less commonly 
observed in the tropics. 

None - No suitable habitat for this 
species on-site or in the 
surrounding area.    
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Physeter 
microcephalus 
Sperm Whale 

E E Sperm Whales are found in almost all marine waters deeper than 1,000 m that are not covered in 
ice, except in the Black and Red Sea.  

None - No suitable habitat for this 
species on-site or in the 
surrounding area.    

Trichechus 
manatus 
West Indian 
Manatee 

FT  Manatees are found in marine, estuarine, and freshwater environments.  This species favors habitat 
that is protected from severe wave action and supports an abundance of submerged aquatic 
vegetation such as sea grass, eelgrass, and/or other aquatic plants that grow in shallow coastal 
waters and rivers.  Manatees also require a source of fresh water for consumption. As reported by 
USFWS, the Antillean manatee occurs more frequently along the southern coast of Puerto Rico, 
than the northern coast.  They are least abundant along the north coast, between Rincón and 
Dorado and on the west along Añasco.    

Low – Although suitable habitat 
exists in the vicinity of the Study 
Area, no suitable habitat exists on-
site. A majority of the on-site 
ditches and canals are narrow, 
shallow, and vegetated with dense 
stands of vegetation that would 
make navigation impractical for 
manatees. The large drainage 
canal on the west side of the 
airfield has limited access and 
minimal habitat value for this 
species.  

Reptiles 
Caretta Caretta 
Loggerhead Sea 
Turtle 

E T Loggerhead sea turtles can occur in three different ecosystems: 1) Beaches, 2) Open Ocean, and 3) 
Nearshore Coastal Areas.  Loggerheads nest on beaches that exhibit high energy waves, with 
narrow, steeply sloped coarse-grained beaches.  Juvenile turtles migrate to nearshore coastal bays, 
lagoons and estuaries where they may tend to forage year-round.   

Low - There is a potential for 
loggerhead turtles to utilize the 
adjacent lagoon, however the 
shallow, vegetation filled ditch 
features within the Study Area do 
not provide suitable habitat.    

Chelonia mydas 
Green Turtle 

E T Green sea turtles typically utilize three types of habitats: 1) beaches for nesting, 2) Open Ocean and 
3) Coastal Areas.  Hatchlings emerge from beach nests and swim to offshore areas, where they stay 
for several years.  Juveniles typically move to nearshore benthic habitats, where they feed almost 
exclusively on sea grasses and algae.    

Low - There is a potential for 
green sea turtles to utilize the 
adjacent lagoon, however the 
shallow, vegetation filled ditch 
features within the Study Area do 
not provide suitable habitat.    

Cyclura stejnegeri 
Mona Ground 
Iguana 

FT  Endemic to Mona Island located west of Puerto Rico. None – No suitable habitat for this 
species on-site. Study Area is not 
within the species current Range. 

Dermochelys 
coriacea 
Leatherback Sea 
Turtle 

FE  Leatherbacks are commonly known as pelagic animals that USFWS notes, requires sandy open 
nesting beaches that are significantly slopped, with close proximity to deep water and generally 
rough seas.   

None – No suitable foraging or 
nesting habitat for this species on-
site or in the surrounding area.    
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Epricates 
inornatus 
Puerto Rican Boa 

FE  The Puerto Rican Boa is endemic to the island of Puerto Rico and is more common in the karst 
region on the northwestern part of the island.  Greatest abundance of Puerto Rican Boas is found 
areas dominated by caves and sinkholes.   

None to Low – Greatest 
abundance of Puerto Rican  Boas 
are found along the karst region of 
Puerto Rico and inhabiting 
extensive forested areas..   

Epricates 
monensis granti 
Virgin Islands Tree 
Boa 

FE  The Virgin Islands Tree Boa is found in both US and British Virgin Islands and islands off of Puerto 
Rico. In Puerto Rico, this species is known or believed to occur in the Counties of Ceiba, Culebra, 
Humacao, Luquillo, and Rio Grande. 

None to Low – Greatest 
abundance of Virgin Island Tree 
Boas are found along the eastern 
portion of Puerto Rico and 
inhabiting the Puerto Rican 
Islands. Study Area is not within 
the species current Range.   

Epicrates 
monensis 
monensis  
Mona Boa 

FT  Mona boas are found around Mona Island and Cayo Diablo, near Puerto Rico. None – Study Area is not within 
the species current Range. 

Eretmochelys 
imbricate 
Hawksbill Sea 
Turtle 

FE  Most commonly associated with coral reefs, post – hatchlings are known to take shelter in the 
pelagic environment of the Atlantic Ocean. Known to also inhabit mangrove fringed bays and 
estuaries along the eastern edge of continents where coral reefs are absent. NOAA reports that 
nesting occurs typically on pocket beaches with little to no sand.  Critical habitat has been 
designated for this species along the coastal waters off of Mona and Monito Islands. 

Low – Although suitable habitat 
occurs adjacent to the Study Area, 
a majority of the on-site ditches 
and canals are narrow, shallow, 
and vegetated with dense stands 
of vegetation. The large drainage 
canal on the west side of the 
airfield has limited access and 
minimal habitat value for this 
species. The Study Area does not 
contain suitable nesting habitat.  

Plants 
Adiantum vivesii FE  The only known population of this species exists on privately owned land. This species inhabits 

deeply shaded hollows at the base of north-facing limestone cliffs at a lower to middle elevation of 
250 meters above sea level. 

None – Species range does not 
occur within or near the Study 
Area. 

Aristida chaseae FE  This species is known from three locations: Sierra Bermeja hills of Cabo Rojo, Cabo Rojo National 
Wildlife Refuge (CRNWR) and Peñones de Melones. 

None – Study Area is not within 
the species current Range. 

Aristida 
portoricensis 
Pelos del Diablo 

FE  Pelos de diablo occurs on a small plot of land in Cerro las Mesas at an elevation of 350 meters 
above sea level. 

None - Suitable habitat does not 
exist within the Study Area. 

Auerodendron 
pauciflorum 

FE  Species found in woodlands on limestone cliffs.   None – Suitable habitat does not 
exist within the Study Area. 
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Banara 
banderbiltii  
Pala de Ramon 

FE  Found in evergreen forests on limestone hills at 100 to 160 meters above sea level. None – Suitable habitat does not 
exist within the Study Area. 

Buxus vahlii 
Vahl’s boxwood 

FE  This species is known occur within the subtropical dry forest life zone and to a lesser extent the 
subtropical moist forest life zone. At this time there are only two locations where this species is 
known to exist, 1) the nuclear power plant site at Rincon and 2) Hato Tejas, Bayamon.    

None – Suitable habitat does not 
exist within the Study Area. 

Callicarpa ampla  
Capa Rosa 

FE  The capa rosa is found in dwarf forests that occur at elevations above 600 meters above sea level. 
This species coverage is currently restricted to the El Yunque National Forest in eastern Puerto 
Rico. 

None – Suitable habitat does not 
exist within the Study Area. 

Calyptronoma 
rivalis 
Palma de Manaca 

FT  The species occurs naturally in three known locations, Quebrada Collazo, Rio Camuy and Rio 
Guajataca.  A riparian species, it is found in the limestone region of northwest Puerto Rico. 

None – Suitable habitat does not 
exist within the Study Area. 

Catesbaea 
melanocarpa 
Tropical Lilythorn 

FE  Catesbaea melanocarpa occurs in the subtropical dry forest life zone, the driest life zone in Puerto 
Rico. 

None – Suitable habitat does not 
exist within the Study Area. 

Chamaecrista 
glandulosa var. 
mirabills 

FE  This species was once distributed throughout the silica sands in northern Puerto Rico, however, by 
the late 1990s the species was restricted to two areas: 1) in Dorado and 2) the southern shore of the 
Tortuguero Lagoon. 

None - Suitable habitat does not 
exist within the Study Area. 

Cordia bellonis FE  Cordia bellonis is found in the western part of the Cordillera Central mountain range in Puerto Rico 
in open areas exposed to the sun. The total population of Cordia bellonis is estimated at only 200 
individuals distributed in three state forests: Maricao, Susúa, and Rio Abajo. 

None – Suitable habitat does not 
exist within the Study Area. 

Cornutia obovate 
Palo de nigua 

FE  This species is found in the evergreen and sub evergreen forests of the subtropical moist forest life 
zone on limestone hills. 

None – Suitable habitat does not 
exist within the Study Area. 

Cranichis ricartii FE  This plan species grows in humus of moist serpentine scrub forests of montane ridges at elevations 
above 680 meters above sea level. 

None - Suitable habitat does not 
exist within the Study Area. 

Crescentia 
portoricensis 
Higuero de Sierra 

FE  Higuero de sierra distribution is limited to remnants of native vegetation overlying serpentine rock 
outcrops in southwestern Puerto Rico.   Endemic to serpentine soils. 

None – Suitable habitat does not 
exist within the Study Area. 

Cyathea 
dryopteroides 
Elfin tree Fern 

FE  This species is restricted to elfin or dwarf forests of the central mountains of Puerto Rico. None – Suitable habitat does not 
exist within the Study Area. 

Daphnopsis 
hellerana 

FE  This plant species is known to be located in the evergreen and semi-evergreen seasonal forests of 
the subtropical moist forest life zone on 
the limestone hills of the northwest coast at elevations between 150 to 350 meters above sea level. 

None - Suitable habitat does not 
exist within the Study Area. 

Elaphoglossum 
serpens 

FE  Elaphoglossum serpens specimens are known to occur in the limestone or karst region of 
northwestern Puerto Rico. 

None - Suitable habitat does not 
exist within the Study Area. 



 
FEDERALLY- LISTED SPECIES HAVING POTENTIAL TO OCCUR IN THE STUDY AREA 

Scientific Name 
Common Name 

USFWS 
Federal 
Listing 
Status 

NOAA 
Listing 
Status 

General Habitat 
Potential to Occur in the 
Detailed Study Area 

Eugenia 
hematocarpa 
Uvillo 

FE  This species occurs only in subtropical lower montane, wet forest zone of Puerto Rico.  None – Suitable habitat does not 
exist within the Study Area. 

Eugenia 
woodburyana 

FE  This species is known to occur within the subtropical dry forest life zone. None - Suitable habitat does not 
exist within the Study Area. 

Gesneria 
pauciflora 

FT  Gesneria pauciflora is known to occur only on serpentine soils in the western mountains of Puerto 
Rico. 

None - Suitable habitat does not 
exist within the Study Area 

Goetze elegans 
Beautiful goetzea 

FE  This species typically requires a semi-evergreen seasonal forest with and almost continuous upper 
canopy. 

None – Suitable habitat does not 
exist within the Study Area. 

Gonocalyx 
concolor 

FE  Gonocalyx concolor critical habitat is 198 acres of Elfin and Ausubo forests at the Carite 
Commonwealth Forest in east-central Puerto Rico. 

None – Suitable habitat does not 
exist within the Study Area. 

Harrisia 
portoricensis 
Higo Chumbo 

FT  Since its listing, this species occurrence is restricted to three islands, Mona, Monito and Desecheo. 
One individual is present in the Cabo Rojo National Wildlife Refuge and five individuals in the Caja 
de Muertos Natural Reserve.  

None – Suitable habitat does not 
exist within the Study Area. 

Ilex cookie 
Cook’s holly 

FE  This species is known to occur on two mountain peaks in central Puerto Rico (Cerro Punta and 
Monte Jayuya) 

None – Suitable habitat does not 
exist within the Study Area. 
 

Ilex sintenisii FE  All the localities of Ilex sintenisii occur in the dwarf forest vegetation type in the Luquillo Mountains 
region.  

None – Suitable habitat does not 
exist within the Study Area. 

Juglans 
jamacensis 
West Indian 
Walnut 

FE  This species is known to occur on lands adjacent to Monte Guilarte Commonwealth forest in the 
Central Mountains of Puerto Rico. 

None – Suitable habitat does not 
exist within the Study Area. 

Lepanhtes 
eltoroensis 

FE  This plant species is known to occur within the forest ecosystems within the Caribbean National 
Forest (tabonuco, colorado, sierra palm, and dwarf forest ecosystems).                                                  

None – Suitable habitat does not 
exist within the Study Area. 

Leptocereus 
grantianus 

FE  This species occurs on the island of Culebra falls within the subtropical dry forest life zone. None – Suitable habitat does not 
exist within the Study Area. 

Lyonia truncate 
var. proctorii 

FE  This species of Lyoia is endemic to Puerto Rico and is known to occur only in the southwestern 
municipalities of Cabo Rojo and/or Lajas 

None – Suitable habitat does not 
exist within the Study Area. 

Mitracarpus 
maxwelliae 

FE  Mitracarpus maxwelliae is found in the vegetation type which has been described as coastal scrub 
forest over exposed limestone rock or coastal dwarf forest, where the species grows in crevices and 
soil pockets of coastal rocks. 

None – Suitable habitat does not 
exist within the Study Area. 

Mitracarpus 
polycadus 

FE  This species, as well as M. maxwelliae, above, are found in the vegetation type which has been 
described as coastal scrub forest over exposed limestone rock or coastal dwarf forest, where the 
species grows in crevices and soil pockets of coastal rocks.   

None – Suitable habitat does not 
exist within the Study Area. 
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Myrcia paganii FE  This species occurs in seasonal evergreen or semi-evergreen forest types of the subtropical moist 
forest life zone in the limestone region of north and northwestern Puerto Rico. 

None – Suitable habitat does not 
exist within the Study Area. 

Ottoschulzia 
rhodoxylon 
Palo de Rosa 

FE  Known to occur in the limestone hills of north coast or upper slopes of summits and hills and within 
areas of low rainfall.  

None – Suitable habitat does not 
exist within the Study Area. 

Peperomia 
wheeleri 
Wheeler’s 
Peperomia 

FE  This species is known to occur in the understory of a semi evergreen seasonal forest, where it grows 
in humus.  

None – Suitable habitat does not 
exist within the Study Area. 

Pleodendron 
macranthum 
Chupacallos 

FE  The natural distribution of Chupacallos is limited to the Luquillo Mountains in El Yunque National 
Forest and the Rio Abajo Commonwealth Forest.   

None – Suitable habitat does not 
exist within the Study Area. 

Polystichum 
calderonense 

FE  Species is found in the limestone or karst region of northwest Puerto Rico.  None – Suitable habitat does not 
exist within the Study Area. 

Schoepfia 
arenaria 

FT  This species inhabits karst regions or northern Puerto Rico.  Specific to steep rounded hills, caves, 
and/or sinkholes. 

None – Suitable habitat does not 
exist within the Study Area. 

Solanum 
drymophilum 
Erubia 

FE  Erubia is known in several locations at elevations ranging from 70 to 825 meters above sea level.  It 
occurs mainly on limestone and also on volcanic substrates. 

None – Suitable habitat does not 
exist within the Study Area. 

Stahlia 
monosperma 
Cobana Negra 

FT  Grows within the subtropical dry forest and subtropical moist forest life zones (specifically the south-
southwest coast of Puerto Rico, most of Vieques Island, all of Culebra Island and the northeastern 
most part of Puerto Rico). 

None – Suitable habitat does not 
exist within the Study Area. 

Styrax 
protoricensis 
Palo de Jazmin 

FE  One known specimen occurs west of El Cacique – the Palo Colorado association (evergreen forest).  None – Suitable habitat does not 
exist within the Study Area. 

Tectaria 
estremerana 

FE  Tectaria estremerana occurs within the karst region of northwest Puerto Rico.  None – Suitable habitat does not 
exist within the Study Area. 

Thernstroemia 
luquillensis 
Palo Colorado 

FE  This species occurs within the Palo Colorado association (evergreen forest) at elevations over 600 
meters above sea level. 

None – Suitable habitat does not 
exist within the Study Area. 

Ternstroemia 
subsessilis 

FE  This species occurs within the Palo Colorado association (evergreen forest) at an elevation greater 
than 600 meters above sea level. 

None – Suitable habitat does not 
exist within the Study Area. 

Thelypteris 
inabonensis 

FE  This plant species is known to occur in Rio Inabon in the municipality of Ponce on the southern coast 
of Puerto Rico. 

None – Suitable habitat does not 
exist within the Study Area. 

Thelypteris 
verecunda 

FE  Thelypteris vercunda is found to occur within the karst region of northwest Puerto Rico. None – Suitable habitat does not 
exist within the Study Area. 



 
FEDERALLY- LISTED SPECIES HAVING POTENTIAL TO OCCUR IN THE STUDY AREA 

Scientific Name 
Common Name 

USFWS 
Federal 
Listing 
Status 

NOAA 
Listing 
Status 

General Habitat 
Potential to Occur in the 
Detailed Study Area 

Thelypteris 
yaucoensis 

FE  This species grows on humus, on steep shaded rocky banks and ledges at high elevations (850-
1200 meters above sea level). 

None – Suitable habitat does not 
exist within the Study Area. 

Trichilia triacantha 
Bariaco 

FE  This species is known to occur in Guanica, Yauco, Guayanilla Santo Domingo, Cabo Rojo, Lajas, 
and Sabana Grande Counties, at elevations from 25 to 175 meters above sea level on specific soil 
types.   

None – Suitable habitat does not 
exist within the Study Area. 

Varronia rupicola FT  This species occurs in dry forested habitat along the southern Puerto Rico coast. None – Suitable habitat does not 
exist within the Study Area. 

Vernonia proctorii 
 

FE  This plant species is found within the subtropical dry forest life zone in Cabo Rojo National Wildlife 
Refuge. 

None – Suitable habitat does not 
exist within the Study Area. 

Zanthoxylum 
thomasianum 
St Thomas 
Prickly-ash 

FE  This species occurs on rocky outcrops, steep hillsides, and on hilly summits in north western Puerto 
Rico.  Its growth is confined to dry forest over rock of volcanic origin. 

None – Suitable habitat does not 
exist within the Study Area. 

     

 
*Species were evaluated for their potential to occur within the Study Area and, therefore, their potential to be impacted by the Proposed Project.  Potential to occur was based on a 
combination of database compilation and the 2015 Environmental Assessment.    
Status Codes :    

FE = Endangered (Federal) 
FT = Threatened (Federal) 
CS = Candidate Species (Federal) 
 
Life Zones – Identified by the U.S. Department of Agriculture, Forest Service.  Puerto Rico contains six (6) life zones.  Live zones are grouped by 1) Latitudinal Region, 2) Altitude 
and 3) Humidity Province, Both mean biotemperature and mean annual precipitation are variables used to delineate a given live zone.  The 6 life zones include: the Subtropical Dry 
Forest, Subtropical Moist Forest, Subtropical Wet Forest, Subtropical Rain Forest, Subtropical Lower montane Wet Forest, and the Subtropical Lower Montane Rain Forest. 
 
SOURCE:  USFWS. 

 
 



                                       
Tel. (787) 510-7031 / (787) 732-0907 

HC2 Box 14029 Aguas Buenas, PR 00703       FAX (787) 732-0907 / 

This page was left blank intentionally.

Two sided printing document format.



                                       
Tel. (787) 510-7031 / (787) 732-0907 

HC2 Box 14029 Aguas Buenas, PR 00703       FAX (787) 732-0907 / 



                                       
Tel. (787) 510-7031 / (787) 732-0907 

HC2 Box 14029 Aguas Buenas, PR 00703       FAX (787) 732-0907 / 

This page was left blank intentionally.

Two sided printing document format.







 
 
 
 
 
 
 

APPENDIX D 
Essential Fish Habitat Data 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



EFH Data Notice: Essential Fish Habitat (EFH) is defined by textual descriptions contained in the fishery management
plans developed by the regional Fishery Management Councils. In most cases mapping data can not fully represent the
complexity of the habitats that make up EFH. This report should be used for general interest queries only and should not
be interpreted as a definitive evaluation of EFH at this location. A location-specific evaluation of EFH for any official
purposes must be performed by a regional expert. Please refer to the following links for the appropriate regional
resources.

Southeast Regional Office
 Atlantic Highly Migratory Species Management Division

 

Query Results 
Map Scale = 1:144,448 

Degrees, Minutes, Seconds: Latitude = 18º25'23" N, Longitude = 66º1'28" E 
Decimal Degrees: Latitude = 18.42, Longitude = -66.02 

The query location intersects with spatial data representing EFH and/or HAPCs for the following species/management
units.

EFH

Show Link Data
Caveats

Species/Management
Unit

Life stage(s)
Found at
Location

Management
Council FMP

Reef Fish (43 Species)
 Balistidae -

Triggerfishes
    Gray triggerfish

(Balistes capriscus)
 Carangidae - Jacks

    Greater amberjack
(Seriola dumerili)

    Lesser amberjack
(Seriola fasciata)

    Almaco jack (Seriola
rivoliana)

    Banded rudderfish
(Seriola zonata)

 Labridae - Wrasses
    Hogfish

(Lachnolaimus
maximus)

 Lutjanidae - Snappers
    Queen snapper (Etelis

oculatus)
    Mutton snapper

(Lutjanus analis)
    Schoolmaster

(Lutjanus apodus)
    Blackfin snapper

(Lutjanus buccanella)
    Red snapper

(Lutjanus
campechanus)

    Cubera snapper
(Lutjanus cyanopterus)

    Gray (mangrove)
snapper (Lutjanus

Post-Egg/Larval
 Larval

 ALL

Caribbean Reef Fish

http://sero.nmfs.noaa.gov/
http://www.nmfs.noaa.gov/sfa/hms/
javascript:void(0)
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Show Link Data
Caveats

Species/Management
Unit

Life stage(s)
Found at
Location

Management
Council FMP

griseus)
    Dog snapper

(Lutjanus jocu)
    Mahogany snapper

(Lutjanus mahogoni)
    Lane snapper

(Lutjanus synagris)
    Silk snapper (Lutjanus

vivanus)
    Yellowtail snapper

(Ocyurus chrysurus)
    Wenchman

(Pristipomoides
aquilonaris)

    Vermilion snapper
(Rhomboplites
aurorubens)

 Malacanthidae -
Tilefishes

    Goldface tilefish
(Caulolatilus chrysops)

    Blackline tilefish
(Caulolatilus cyanops)

    Anchor tilefish
(Caulolatilus
intermedius)

    Blueline tilefish
(Caulolatilus microps)

    (Golden) Tilefish
(Lopholatilus
chamaeleonticeps)

 Serranidae -
Groupers

    Dwarf sand perch
(Diplectrum bivittatum)

    Sand perch
(Diplectrum formosum)

    Rock hind
(Epinephelus
adscensionis)

    Speckled hind
(Epinephelus
drummondhayi)

    Yellowedge grouper
(Epinephelus
flavolimbatus)

    Red hind (Epinephelus
guttatus)

    Goliath grouper
(Epinephelus itajara)

    Red grouper
(Epinephelus morio)

    Misty grouper
(Epinephelus
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http://www.gulfcouncil.org/Beta/GMFMCWeb/downloads/EFH_EIS_Tables.pdf#page=21
http://www.gulfcouncil.org/Beta/GMFMCWeb/downloads/EFH_EIS_Tables.pdf#page=21
http://www.gulfcouncil.org/Beta/GMFMCWeb/downloads/EFH_EIS_Tables.pdf#page=22
http://www.gulfcouncil.org/Beta/GMFMCWeb/downloads/EFH_EIS_Tables.pdf#page=22


Show Link Data
Caveats

Species/Management
Unit

Life stage(s)
Found at
Location

Management
Council FMP

mystacinus)
    Warsaw grouper

(Epinephelus nigritus)
    Snowy grouper

(Epinephelus niveatus)
    Nassau grouper

(Epinephelus striatus)
    Marbled grouper

(Epinephelus inermis)
    Black grouper

(Mycteroperca bonaci)
    Yellowmouth grouper

(Mycteroperca
interstitialis)

    Gag (Mycteroperca
microlepis)

    Scamp (Mycteroperca
phenax)

    Yellowfin grouper
(Mycteroperca
venenosa)

 
Queen Conch Larval

 ALL Caribbean Queen Conch

Corals Larval
 ALL Caribbean Corals

Spiny Lobster (2
Species)

    Spiny lobster
(Panulirus argus)

    Slipper lobster
(Scyllarides nodifer)

 

Larval
 ALL Caribbean Spiny Lobster

Caribbean Reef Shark ALL Secretarial
Amendment 10 to the

2006 Consolidated HMS
FMP: EFH

Pacific Salmon EFH
No Pacific Salmon Essential Fish Habitat (EFH) were identified at the report location.

HAPCs
No Habitat Areas of Particular Concern (HAPC) were identified at the report location.

EFH Areas Protected from Fishing
Show Link Name Management Council

Caribbean EEZ gear restrictions Caribbean

Spatial data does not currently exist for all the managed species in this area. The
following is a list of species or management units for which there is no spatial data.

 **For links to all EFH text descriptions see the complete data inventory: open data
inventory -->
Caribbean HAPCs,

 Los Corchos Reef - Culebra,
 Luis Pena Channel - Culebra
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EFH Data Notice: Essential Fish Habitat (EFH) is defined by textual descriptions contained in the fishery management
plans developed by the regional Fishery Management Councils. In most cases mapping data can not fully represent the
complexity of the habitats that make up EFH. This report should be used for general interest queries only and should not
be interpreted as a definitive evaluation of EFH at this location. A location-specific evaluation of EFH for any official
purposes must be performed by a regional expert. Please refer to the following links for the appropriate regional
resources.

Southeast Regional Office
 Atlantic Highly Migratory Species Management Division

 

Query Results 
Map Scale = 1:144,448 

Degrees, Minutes, Seconds: Latitude = 18º26'35" N, Longitude = 65º59'3" E 
Decimal Degrees: Latitude = 18.44, Longitude = -65.98 

The query location intersects with spatial data representing EFH and/or HAPCs for the following species/management
units.

EFH

Show Link Data
Caveats

Species/Management
Unit

Life stage(s)
Found at
Location

Management
Council FMP

Corals
Post-Egg/Larval

 Larval
 ALL

Caribbean Corals

Queen Conch
Post-Egg/Larval

 Larval
 ALL

Caribbean Queen Conch

Spiny Lobster (2
Species)

    Spiny lobster
(Panulirus argus)

    Slipper lobster
(Scyllarides nodifer)

 

Post-Egg/Larval
 Larval

 ALL
Caribbean Spiny Lobster

Reef Fish (43 Species)
 Balistidae -

Triggerfishes
    Gray triggerfish

(Balistes capriscus)
 Carangidae - Jacks

    Greater amberjack
(Seriola dumerili)

    Lesser amberjack
(Seriola fasciata)

    Almaco jack (Seriola
rivoliana)

    Banded rudderfish
(Seriola zonata)

 Labridae - Wrasses
    Hogfish

(Lachnolaimus
maximus)

 Lutjanidae - Snappers
    Queen snapper (Etelis

oculatus)
    Mutton snapper

Post-Egg/Larval
 Larval

 ALL

Caribbean Reef Fish
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Show Link Data
Caveats

Species/Management
Unit

Life stage(s)
Found at
Location

Management
Council FMP

(Lutjanus analis)
    Schoolmaster

(Lutjanus apodus)
    Blackfin snapper

(Lutjanus buccanella)
    Red snapper

(Lutjanus
campechanus)

    Cubera snapper
(Lutjanus cyanopterus)

    Gray (mangrove)
snapper (Lutjanus
griseus)

    Dog snapper
(Lutjanus jocu)

    Mahogany snapper
(Lutjanus mahogoni)

    Lane snapper
(Lutjanus synagris)

    Silk snapper (Lutjanus
vivanus)

    Yellowtail snapper
(Ocyurus chrysurus)

    Wenchman
(Pristipomoides
aquilonaris)

    Vermilion snapper
(Rhomboplites
aurorubens)

 Malacanthidae -
Tilefishes

    Goldface tilefish
(Caulolatilus chrysops)

    Blackline tilefish
(Caulolatilus cyanops)

    Anchor tilefish
(Caulolatilus
intermedius)

    Blueline tilefish
(Caulolatilus microps)

    (Golden) Tilefish
(Lopholatilus
chamaeleonticeps)

 Serranidae -
Groupers

    Dwarf sand perch
(Diplectrum bivittatum)

    Sand perch
(Diplectrum formosum)

    Rock hind
(Epinephelus
adscensionis)

    Speckled hind
(Epinephelus
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Show Link Data
Caveats

Species/Management
Unit

Life stage(s)
Found at
Location

Management
Council FMP

drummondhayi)
    Yellowedge grouper

(Epinephelus
flavolimbatus)

    Red hind (Epinephelus
guttatus)

    Goliath grouper
(Epinephelus itajara)

    Red grouper
(Epinephelus morio)

    Misty grouper
(Epinephelus
mystacinus)

    Warsaw grouper
(Epinephelus nigritus)

    Snowy grouper
(Epinephelus niveatus)

    Nassau grouper
(Epinephelus striatus)

    Marbled grouper
(Epinephelus inermis)

    Black grouper
(Mycteroperca bonaci)

    Yellowmouth grouper
(Mycteroperca
interstitialis)

    Gag (Mycteroperca
microlepis)

    Scamp (Mycteroperca
phenax)

    Yellowfin grouper
(Mycteroperca
venenosa)

 
Caribbean Reef Shark ALL Secretarial

Amendment 10 to the
2006 Consolidated HMS

FMP: EFH

Oceanic Whitetip Shark ALL Secretarial
Amendment 10 to the

2006 Consolidated HMS
FMP: EFH

Pacific Salmon EFH
No Pacific Salmon Essential Fish Habitat (EFH) were identified at the report location.

HAPCs
No Habitat Areas of Particular Concern (HAPC) were identified at the report location.

EFH Areas Protected from Fishing
Show Link Name Management Council

Caribbean EEZ gear restrictions Caribbean
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Spatial data does not currently exist for all the managed species in this area. The
following is a list of species or management units for which there is no spatial data.

 **For links to all EFH text descriptions see the complete data inventory: open data
inventory -->
Caribbean HAPCs,

 Los Corchos Reef - Culebra,
 Luis Pena Channel - Culebra

http://www.habitat.noaa.gov/protection/efh/newInv/index.html


 
 
 
 
 
 
 
 
 

APPENDIX E 
United States Fish and Wildlife Service - Response Letter, Dated August 2017  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
 
 
 
 
 
 
 
 
 
 

APPENDIX F 
Oficina Estatal de Conservacion Historica, Response Letter, Dated August 2017  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 
NPDES EQLAB, Dated January 2018 and Sampling Location Map 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 













































 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX H 
Preliminary General Wetlands and Other Surface Waters Mitigation Plan 
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ALTERNATIVES 
1) Alternative 2A: Trim Vegetation and Dredge Other Surface Waters (OSW) 

Airport Features 
a) Trimming Impacts 

i) 23.1 acres of mangrove habitat (inside OFA) +.4.2 acres of mangrove habitat 
(outside OFA) = 27.3 acres of mangrove habitat total. 

ii) 4.0 acres of non-mangrove - mixed freshwater shrub/scrub wetland vegetation 
(inside OFA) + 0.7 acres of non-mangrove (outside OFA) = 4.7 acres of non-
mangrove - mixed freshwater shrub/scrub wetland vegetation. 

 
b) Dredging Impacts 

i) 35.1 acres of OSW (channel dredging activities). 
 
2) Alternative 3A: Trim Vegetation, Fill Wetlands and Dredge OSW Airport 

Features 
a) Fill Impacts 

i) 7.3 acres of mangrove habitat. 
 

b) Trimming Impacts 
i) 15.8 acres of mangrove habitat (inside OFA) + 4.2 acres (outside OFA) = 20.0 

acres of mangrove habitat total. 
ii) 4.0 acres of non-mangrove - mixed freshwater shrub/scrub wetland vegetation 

(inside OFA) + 0.7 acres of non-mangrove (outside OFA) = 4.7 acres of non-
mangrove - mixed freshwater shrub/scrub wetland vegetation. 

 
c) Dredging Impacts 

i) 35.1 acres of OSW (channel dredging activities).  
 

PRELIMINARY GENERAL WETLAND AND OSW MITIGATION PLAN 

To be implemented within the “Gran Parque Agroturístico El Dorado/Finca La Julia” in 
the Municipality of Dorado. The Municipality of Dorado owns an 869 acres property 
south of the state road PR#165 where lands to implement extensive mitigation plans are 
available.  The areas include herbaceous wetlands and mangrove forests that were 
completely damaged by Hurricane María. They Municipality of Dorado is very interested 
in having wetland restoration projects within the proposed site.  
 

Alternative 2A: Trim Vegetation and Dredge Other Surface Waters (OSW) Airport 
Features 

a. Trimming Impacts: 
i. 27.3 acres of mangrove habitat total 
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Proposed Compensatory Mitigation 
1) Enhancement of 40.9 acres of existing herbaceous wetland by the creation of 

mangrove habitat. Proposed ratio is 1.5:1; given that once the existing mangrove 
habitat at SJU is trimmed most of the functional values provided by the forested 
habitat will be lost. 
a. Lowering (cutting) existing soil topographic levels of herbaceous wetland to reach 

soil levels of adjacent mangrove areas within the Gran Parque Agroturístico El 
Dorado/Finca La Julia. 

b. Planting mangrove trees. This could be achieved by bringing red mangrove 
(Rhizophora mangle) or white mangrove (Laguncularia racemosa) trees, 
according to existing dominant mangrove species at adjacent mangrove habitat to 
be “mimic”. Mangrove trees seedlings/propagules could be brought from the SJU 
impact areas and/or other mangrove habitats near the Gran Parque Agroturístico 
El Dorado/Finca La Julia. 

 
ii. 4.7 acres of non-mangrove - mixed freshwater shrub/scrub 

wetland vegetation. 
 
Proposed Compensatory Mitigation 
No compensatory mitigation is proposed for the impact of non-mangrove - mixed 
freshwater shrub/scrub wetland vegetation if trimming is carried out by light mowing 
machinery or by hand. No mechanized land clearing is considered, given that it would 
be subject to regulations under Section 404 of the CWA. 
 

b)    Dredging Impacts: 35.1 acres of OSW (channel dredging activities) 
 

Proposed Compensatory Mitigation 
No compensatory mitigation is proposed for dredging OSW or open waters (no fill 
material will be disposed on U.S. Waters, including wetlands). 
 

2)  The establishment of a conservation easement is proposed to protect the mitigation 
area (40.9 acres). 
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Alternative 3A: Trim Vegetation, Fill Wetlands and Dredge OSW Airport Features 
a. Trimming Impacts 

 i. 20.0 acres of mangrove habitat total. 
 

Proposed Compensatory Mitigation 
1) Enhancement of 30.0 acres of existing herbaceous wetland by the creation of 

mangrove habitat. Proposed ratio is 1.5:1; given that once the existing mangrove 
habitat at SJU is trimmed most of the functional values provided by the forested 
habitat will be lost. 
a)   Lowering (cutting) existing soil topographic levels of herbaceous wetland to 
reach soil levels of adjacent mangrove areas within the Gran Parque Agroturístico 
El Dorado/Finca La Julia. 
b)  Planting mangrove trees. This could be achieved by bringing red mangrove 
(Rhizophora mangle) or white mangrove (Laguncularia racemosa) trees, 
according to existing dominant mangrove species at adjacent mangrove habitat to 
be “mimic”. Mangrove trees seedlings/propagules could be brought from the SJU 
impact areas and/or other mangrove habitats near the Gran Parque Agroturístico 
El Dorado/Finca La Julia. 

 
ii. 4.7 acres of non-mangrove - mixed freshwater shrub/scrub wetland 
vegetation. 

 
Proposed Compensatory Mitigation 
No compensatory mitigation is proposed for the impact of non-mangrove - mixed 
freshwater shrub/scrub wetland vegetation if trimming is carried out by light mowing 
machinery or by hand. No mechanized land clearing is considered; given that it would 
be subject to regulations under Section 404 of the CWA. 
 

b.    Fill Impacts 
i.  7.3 acres of mangrove habitat. 

 
Proposed Compensatory Mitigation 
1) Enhancement of 21.9 acres of existing herbaceous wetland by the creation of 

mangrove habitat. Proposed ratio is 3:1; given that once the existing mangrove 
habitat at SJU is filled all functional values provided by the mangrove habitat will 
be lost, including function and values provided as essential fish habitat. 
a)    Lowering (cutting) existing soil topographic levels of herbaceous wetland to 
create a pond with hydrologic connection to existing channels or open waters at 
the Gran Parque Agroturístico El Dorado/Finca La Julia. 
 
b)    Creation of small islands within the pond by using the excavated material. 
 
c)   Planting mangrove trees on the perimeter of the small islands and around the 
pond. This could be achieved by bringing red mangrove (Rhizophora mangle) or 
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white mangrove (Laguncularia racemosa) trees, according to existing dominant 
mangrove species at mangrove habitats nearby. Mangrove trees 
seedlings/propagules could be brought from the SJU impact areas and/or other 
mangrove habitats near the Gran Parque Agroturístico El Dorado/Finca La Julia. 
Also, upland tree species would be planted in the higher areas of the small islands 
that were created. 

 
c.    Dredging Impacts: 35.1 acres of OSW (channel dredging activities) 
 

Proposed Compensatory Mitigation 

No compensatory mitigation is proposed for dredging OSW or open waters (no fill 

material will be disposed on U.S. Waters, including wetlands). 

 

2)  The establishment of a conservation easement is proposed to protect the mitigation 

area (51.9acres). 
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WETLANDS AND OSW MITIGATION PLAN ESTIMATED COSTS 
 

Alternative 2A: Trim Vegetation and Dredge Other Surface Waters (OSW) Airport 

Features 

• Conceptual compensatory mitigation plan: $5,000.00 

• Final compensatory mitigation plan: $64,800 - field work, topography, elevations, 

drawings, reports,  

 

Alternative 3A: Trim Vegetation, Fill Wetlands and Dredge OSW Airport Features 

• Conceptual compensatory mitigation plan: $6,000.00 

• Final compensatory mitigation plan: $81,200.00 - field work, topography, 

elevations, drawings, reports 
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ASSUMPTIONS 
1. This preliminary general mitigation plan is based on the acreage of wetlands and 

OSW provided by the client. 

2. Compensatory mitigation is proposed within “Finca La Julia”, which is located in the 

Municipality of Dorado. 

3. Finca La Julia is mostly covered by herbaceous wetland. Therefore, compensatory 

mitigation methods will mostly include enhancement of existing wetlands to increase 

their functional values. 

4. Proposed mitigation methods and ratios of compensation for impacts are based on 

experience and professional judgment that have been acquired by working with 

similar projects. However, federal and local agencies may require different 

compensatory mitigation methods and compensation ratios. In Puerto Rico, there is 

no approved methodology to assess wetland and OWS impacts in order to determine 

compensation methods and ratios. 

5. Forested wetlands and mangrove habitats within SJU are considered to have the same 

functional values for the purpose of this preliminary general mitigation plan. 

6. No compensatory mitigation is proposed for dredging activities within OSW (Open 

Waters) that are non-wetland. 

7. Proposed mitigation method for alternative 3A considers impacts to essential fish 

habitat. 

8. Conceptual compensatory mitigation plan costs do not include land/topographic 

survey or engineering drawings. 

9. Final compensatory mitigation plan costs include land/topographic survey and their 

respective engineering drawings. 

10. Costs for the establishment of the conservation easement are not included in this 

proposal. 

•  
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APPENDIX 

MAPS OF POSSIBLE SCENARIOS FOR MITIGATION ACTIVITIES ASSOCIATED 

WITH THE ROFA/TOFA PROJECT 
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Figure 1: Scenario A Mitigation of 20 acres of wetlands. 



11 
 

_______________________________________________________________________ 
Compensatory Mitigation Plan for Aquatic Resources Impacts  
Luis Muñoz Marín International Airport - SJU Carolina, Puerto Rico 
USACE Permit Number (SP-NNN) 
 

 
Figure 2. Scenario B Mitigation of 40 acres of wetlands 



12 
 

_______________________________________________________________________ 
Compensatory Mitigation Plan for Aquatic Resources Impacts  
Luis Muñoz Marín International Airport - SJU Carolina, Puerto Rico 
USACE Permit Number (SP-NNN) 
 

 
Figure 3. Scenario C mitigation of 60 acres of wetlands.  
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