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URBAN SINKHOLE INVENTORY
FOR NORTH COAST OF PUERTO RICO

ABSTRACT

This document summarizes the findings of the sinkhole inventory performed for the
north coast of Puerto Rico, focusing on sinkholes with drainage areas significantly
influenced by urban areas. For purposes of this inventory, sinkholes where the drainage
area has more than 20% of urban land use are considered “significantly” influenced by
urban areas. This report lists the sinkholes by their location on the USGS topographic
quadrangles and presents percentage of urban areas within their watersheds. The report
also provides photographs of frequently encountered sinkhole problems such as
presence of garbage, abandoned cars and appliances, wastewater discharges and
sinkhole “improvement” measures. The inventory also includes interviews of nearby
sinkhole residents.



1. INTRODUCTION

1.1. Project Description and Location

The most important aquifer in Puerto Rico is in the north coast limestone. However, this
same aquifer system receives urban storm water runoff via numerous sinkholes and
drainage wells. Because stormwater runoff is an important component of aquifer
recharge in this region, Departmental policies which influence stormwater management
in this region can have a direct impact on the aquifer. This makes it important to
understand the extent to which urban stormwater contributes to ground water recharge.
Figure 1 shows the north coast sinkhole inventory area on the USGS topographic
quadrangle.

1.2. Scope and Purpose of Study

The objective of this report is to prepare an inventory of all sinkholes receiving
significant urban stormwater runoff, and to collect preliminary information on the
characteristics of these systems.

The Environmental Quality Board (EQB) through its Underground Injection Permit
Program has a list of permitted stormwater discharges. However, this list is incomplete
since: (1) it does not include existing natural sinkholes which have historically received
runoff, and (2) not all underground injection facilities have permits. The purpose of the
present inventory was to document the extent of urban surface water contribution to the
aquifer, regardless of permitting status.

This report has been prepared for the Department of Natural and Environmental
Resources through an agreement with Gregory Morris Engineering.



2. STUDY APPROACH AND METHODOLOGY

2.1. Selection Criteria

Sinkholes receiving a significant amount of urban runoff were identified and selected
with the use of the USGS topographic quadrangle data and recent aerial photography.
Watershed limits were determined based on USGS topographic mapping and verified
through field visits. The assessment of flooding conditions in the area was performed
through interviews with nearby residents.

Because of extensive residential development, most sinkholes outside of protected areas
such as state forests and reserves have some type of development such as housing or
roads within their catchment area. In this inventory, significant urban influence is
defined as at least 20% of the catchment area corresponding to urban land uses.

2.2. Sinkhole Database Parameters

Sinkhole inventory areas were organized by their location on the USGS topographic
quadrangle, from west to east. The sinkholes were visited and photographed, and
nearby residents were interviewed when possible. The field visit data sheets and their
corresponding photographs are included in Appendix C.

The sinkhole database parameters consist of:

1. Quad Sheet. Corresponds to the USGS quadrangle where the sinkhole is
located.

2. Sinkhole Inventory ID. The sinkhole ID consists of a combination of a two-

letter code representing the USGS topographic quadrangle and a number.
Table 1 presents the USGS topographic quadrangles covered in the
inventory and their corresponding two-letter name code.



Table 1: USGS quadrangle name code

USGS Quadrangle Name Name Code
Aguadilla AG
Moca MC
Quebradillas QU
Camuy CM
Arecibo AR
Barceloneta BT
Florida FL
Manati MN
Ciales CL
Vega Alta VA
Bayamon BM
Naranjito NJ
San Juan SJ

3. Visit ID. Corresponds to the number assigned to each sinkhole during
preliminary identification of sinkholes.

4. Number of photos. This parameter provides the number of photos included

in the database for each sinkhole.

5. Coordinates X, Y. Corresponds to the location of the sinkhole in the
Cartesian coordinate system.

6. Coordinates X, Y (Lat, Long). Corresponds to the location of the sinkhole in

the Latitude-Longitude coordinate system.

7. Municipality. Identifies the municipality where the sinkhole is located. It is
important to remember that this parameter may be different from parameter
“Quad Sheet”.

8. Ward. Identifies the ward (barrio) where the sinkhole is located.
9. Road. Identifies the state road or street name near the sinkhole.

10. Visit Date. Corresponds to the date in which the sinkhole was visited.



11.

12.

13.

14.

15.

16.

17.

Watershed Area (acres). The sinkhole catchment area has been provided in

acres, and has been determined using the USGS topographic quadrangles
and verified through field visits.

Urban Area (acres). The urban area within each catchment, also expressed in

acres, was determined from recent (2006-2007) aerial photography.

% Urban Area. Corresponds to the percent of urban area within each

sinkhole catchment (computed from item 11 and 12).

Description. Includes a brief description of the sinkhole and adjacent areas.
Identifies soil type near the sinkhole and whether cavity was visible, and
provides a brief description of obvious features.

Observation. Includes observations related to sources of runoff or
contaminants, drainage issues, presence of stagnant water, garbage or
debris, vegetation, odor, etc.

Interview. Includes the interview of nearby residents, when available.

Interview Name. Includes the name of the person interviewed, if provided.

Some people declined to provide their name.



3. STUDY RESULTS

Table 2 summarizes the findings of the sinkhole inventory. A total of 231 sinkholes have
been included in this inventory. Approximately 16% of the sinkholes included in this
inventory have reported flooding problems, while 29% were observed to have potential
quality issues such as significant amount of garbage, abandoned house appliances, and
cars, receive wastewater discharge, or produce bad odors. Only a 7% of sinkholes
presented have been in some way “improved” either by increasing its capacity through
enlarging or by installing injection wells or pump systems.

Table 2: Summary of inventory results

Parameter Value
Sinkholes included in inventory 231
Total inventory drainage area 23,867 acres
Total inventory urban area 9,730 acres
Sinkholes reporting flooding problem 38
Sinkholes with significant rubbish or other potential quality issues 67
“Improved” sinkholes 16
“Natural” sinkholes 215

Table 3 presents the total number of sinkholes and percent of urban area per
municipality, independent from their location within the USGS quadrangle.



Table 3: Total sinkholes in inventory by municipality

% of urban area within
Total number of  Urban drainage area ’

Municipality municipality that drains

sinkholes (acres) into sinkholes*
Aguadilla 43 1,468 52%
Arecibo 31 1,858 39%
Barceloneta 13 326 34%
Bayamon 4 575 89%
Camuy 11 432 30%
Dorado 7 119 30%
Florida 11 351 38%
Guaynabo 1 210 100%
Hatillo 10 198 31%
Isabela 26 1,465 49%
Manati 22 1,004 32%
Moca 7 80 72%
Morovis 3 32 49%
Quebradillas 17 750 24%
San Juan 2 178 100%
Toa Baja 12 326 61%
Vega Alta 5 83 23%
Vega Baja 6 275 47 %

* may include drainage area from adjacent municipalities



4, URBAN SINKHOLE INVENTORY

4.1. Sinkholes within Aguadilla USGS Quadrangle

A total of 15 sinkholes on the Aguadilla quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Urban areas in Aguadilla
are concentrated along state road PR-2. Other sinkholes are located in Barrio Camaseyes,
off state road PR-117. Table 4 presents the sinkholes found within the Aguadilla
quadrangle. The location map of sinkholes within the Aguadilla USGS topographic
quadrangle can be seen in Appendix A.

Table 4: Sinkholes within the USGS Aguadilla quadrangle
Sinkhole ID  Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)
AG-1 Aguadilla 67.152 18.456 9.10 50%
AG-2 Aguadilla 67.151 18.465 6.13 100%
AG-3 Aguadilla 67.149 18.472 43.52 72%
AG-4 Aguadilla 67.146 18.474 156.46 62%
AG-5 Aguadilla 67.143 18.483 132.75 31%
AG-6 Aguadilla 67.139 18.477 56.81 100%
AG-7 Aguadilla 67.133 18.444 45.41 50%
AG-9 Aguadilla 67.132 18.483 247.26 31%
AG-10 Aguadilla 67.131 18.472 161.42 20%
AG-11 Aguadilla 67.130 18.441 6.41 63%
AG-12 Aguadilla 67.130 18.442 5.79 64%
AG-13 Aguadilla 67.128 18.438 76.17 78%
AG-14 Aguadilla 67.128 18.441 2414 97%
AG-15 Aguadilla 67.127 18.457 15.31 48%
AG-16 Aguadilla 67.125 18.442 17.64 55%

The total urban area that drains into sinkholes within the Aguadilla Quadrangle is
approximately 479 acres. This represents 47% of the total drainage area. The most
frequently observed problem was the presence of garbage and urban refuse inside the



sinkholes, as seen in the photograph of sinkhole AG-15 included in Figure 2. The
interview reported that this sinkhole floods nearby residences during large rainfall
events. Sinkhole AG-14, seen in Figure 3, has been improved to provide a larger
opening, and its sides have been protected with gabions. This sinkhole presented a bad
odor suggestive of sanitary discharge.

From the seven sinkholes where interviews were conducted, two stated that the
sinkholes currently flood nearby residences during rainfall events. The remaining five
sinkholes where people were interviewed do not flood adjacent areas or that they fill up
and empty in a matter of hours. Appendix B and Appendix C includes the database
tables and inventory data sheet, respectively, for the sinkholes within the Aguadilla
quadrangle.

4.2. Sinkholes within Moca USGS Quadrangle

A total of 56 sinkholes within the Moca quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Table 5 presents the
sinkholes found within the Moca quadrangle. This quadrangle includes sinkholes in the
municipalities of Moca, Aguadilla and Isabela. Urban areas are concentrated along state
road PR-2, the town of Isabela, and in Barrio Arenales Alto. The location map of
sinkholes within the Moca USGS topographic quadrangle can be seen in Appendix A.

Table 5: Sinkholes within the USGS Moca quadrangle
Sinkhole ID Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)
MC-17 Aguadilla 67.125 18.426 21.41 42%
MC-18 Aguadilla 67.123 18.431 14.47 52%
MC-19 Aguadilla 67.122 18.425 9.64 62%
MC-20 Aguadilla 67.121 18.430 22.00 59%
MC-21 Aguadilla 67.119 18.440 52.88 71%
MC-22 Aguadilla 67.114 18.447 188.47 88%
MC-23 Aguadilla 67.113 18.453 26.62 76%
MC-24 Aguadilla 67.110 18.448 54.78 44%
MC-25 Aguadilla 67.109 18.446 11.18 34%
MC-26 Aguadilla 67.107 18.486 74.88 99%
MC-27 Aguadilla 67.106 18.452 40.06 41%




Coordinates

Sinkhole ID  Municipality Drainage area (ac) % Urban
x (long) y (lat)
MC-28 Aguadilla 67.105 18.486 186.71 52%
MC-29 Aguadilla 67.105 18.491 64.42 36%
MC-30 Aguadilla 67.105 18.495 141.96 84%
MC-31 Aguadilla 67.102 18.487 49.83 59%
MC-32 Aguadilla 67.100 18.451 21.00 52%
MC-33 Aguadilla 67.100 18.437 8.67 57%
MC-34 Aguadilla 67.099 18.437 4.43 55%
MC-35 Aguadilla 67.097 18.454 12.49 34%
MC-36 Aguadilla 67.094 18.455 38.08 98%
MC-37 Aguadilla 67.093 18.437 25.85 71%
MC-38 Aguadilla 67.093 18.498 7.96 42%
MC-39 Aguadilla 67.086 18.453 4.04 54%
MC-40 Moca 67.084 18.440 21.67 42%
MC-41 Aguadilla 67.082 18.454 18.08 89%
MC-42 Moca 67.082 18.439 13.79 46%
MC-43 Moca 67.080 18.440 17.49 56%
MC-44 Moca 67.077 18.440 15.63 74%
MC-45 Moca 67.069 18.444 15.47 100%
MC-46 Aguadilla 67.068 18.470 21.82 97%
MC-47 Aguadilla 67.068 18.469 73.53 27%
MC-48 Moca 67.066 18.444 12.92 100%
MC-49 Moca 67.064 18.444 14.89 99%
MC-50 Isabela 67.050 18.492 27.33 96 %
MC-51 Aguadilla 67.035 18.489 602.32 35%
MC-52 Isabela 67.031 18.464 45.01 99%
MC-53 Isabela 67.026 18.487 114.52 52%
MC-54 Isabela 67.026 18.463 95.91 67%
MC-55 Isabela 67.022 18.497 894.32 46%
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Coordinates

Sinkhole ID  Municipality Drainage area (ac) % Urban
x (long) y (lat)
MC-56 Isabela 67.021 18.495 24.58 81%
MC-57 Isabela 67.019 18.489 145.16 38%
MC-58 Isabela 67.016 18.462 106.52 27%
MC-59 Isabela 67.015 18.491 91.01 63 %
MC-60 Isabela 67.014 18.499 263.75 86%
MC-61 Isabela 67.013 18.465 23.73 55%
MC-62 Isabela 67.012 18.451 96.93 78%
MC-63 Isabela 67.012 18.473 41.41 60%
MC-64 Isabela 67.011 18.494 15.76 44%
MC-65 Isabela 67.009 18.495 32.47 89%
MC-66 Isabela 67.008 18.476 36.99 26%
MC-67 Isabela 67.008 18.490 46.45 74%
MC-68 Isabela 67.007 18.471 56.29 32%
MC-69 Isabela 67.006 18.474 69.08 45%
MC-70 Isabela 67.006 18.476 29.81 58%
MC-71 Isabela 67.006 18.491 26.59 43%
MC-72 Isabela 67.001 18.466 367.02 30%

Approximately 53% of the area draining into the sinkholes located within the Moca
Quadrangle corresponds to urban land uses. From the twenty nine sinkholes where
interviews were conducted, approximately 45% stated that the sinkholes did not present
flooding problems, while 17% stated that the sinkholes have good infiltration; filling up
during rainfall events and taking anywhere from a couple of days to a week to empty.
Approximately 28% of interviewed residents stated that the sinkholes never empty
completely, and flood nearby areas during rainfall events. Approximately 10% of the
people interviewed did not know that the sinkhole existed, possibly because the
sinkholes have good drainage and do not flood adjacent areas.

The most commonly observed source of contamination consists of the disposal of
garbage by nearby residents. In some instances, the sinkholes are being used as
clandestine landfills. Figure 4 shows photographs showing the presence of garbage in
Sinkholes MC-34, MC-55, and MC-72. Injection wells have been installed in Sinkholes
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MC-28 and MC-31 to improve drainage. Neither sinkhole empties completely, as seen in

Figure 5. Appendix B and Appendix C includes the database tables and inventory data

sheet, respectively, for the sinkholes within the Moca quadrangle.

4.3. Sinkholes within Quebradillas USGS Quadrangle

A total of 22 sinkholes within the Quebradillas quadrangle have been identified to have

significant urban drainage (more than 20% urban land use). Table 6 presents the

sinkholes found within the Quebradillas quadrangle. This quadrangle includes

sinkholes in Quebradillas, Isabela and Camuy. Urban areas continue to be concentrated

along PR-2, around the town of Quebradillas and in Barrio Cocos. The location map of

sinkholes within the Quebradillas USGS topographic quadrangle can be seen in

Appendix A.
Table 6: Sinkholes within the USGS Quebradillas quadrangle
Sinkhole ID Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)
QU-73 Isabela 66.982 18.444 129.17 23%
QU-74 Isabela 66.977 18.486 100.17 29%
QU-75 Isabela 66.973 18.485 54.97 53%
QU-76 Isabela 66.966 18.435 29.20 47 %
QU-77 Quebradillas  66.952 18.456 17.60 56%
QU-78 Quebradillas  66.952 18.455 14.45 31%
QU-79 Quebradillas 66.947 18.477 16.90 43%
QU-80 Quebradillas 66.936 18.477 111.47 47 %
QU-81 Quebradillas 66.933 18.458 12.33 57 %
QU-82 Quebradillas  66.931 18.455 1326.72 20%
QU-83 Quebradillas  66.929 18.466 1.89 38%
QU-84 Quebradillas 66.928 18.472 181.20 45%
QU-85 Quebradillas  66.925 18.475 21.53 26%
QU-86 Quebradillas  66.919 18.452 945.80 23%
QU-87 Quebradillas  66.917 18.460 37.02 57%
QU-88 Quebradillas  66.916 18.433 54.50 25%
QU-89 Quebradillas  66.912 18.452 1.87 96%
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Coordinates

Sinkhole ID  Municipality Drainage area (ac) % Urban
x (long) y (lat)
QU-90 Quebradillas  66.911 18.461 23.37 47 %
QU-93 Quebradillas  66.891 18.436 136.46 26%
QU-9%4 Camuy 66.886 18.436 68.97 51%
QU-96 Camuy 66.877 18.439 286.43 30%
QU-97 Camuy 66.875 18.455 257.69 27%

The total drainage area for the visited sinkholes found within the Quebradillas
quadrangle is approximately 3,830 acres, 27% of which correspond to urban land use.
From the eighteen sinkholes where nearby residents were interviewed, only four stated
that the sinkholes have flooded nearby residences in the past, while the rest indicated
that the sinkholes fill with water and empty without causing flooding problems in the
area.

Figure 6 and Figure 7 show photographs of sinkholes QU-89 and QU-80, respectively.
Even though the interviewed people stated that the sinkholes do not flood adjacent
areas, large amounts of garbage and even abandoned cars were observed inside the
sinkholes.

According to the interviewed person, Sinkhole QU-94 has a recurring problem of
emanating odors that have caused the nearby school to be evacuated. OSHA has visited
the school and has determined that the smell does not come from inside the school, and
ordered to investigate the sinkhole. According to the interview, no other government
agency has visited the sinkhole. Figure 8 shows an aerial photograph of Sinkhole QU-94.
Appendix B and Appendix C includes the database tables and inventory data sheet,
respectively, for the sinkholes within the Quebradillas quadrangle.

4.4. Sinkholes within Camuy USGS Quadrangle

A total of 29 sinkholes within the Camuy quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Table 7 presents the
sinkholes found within the Camuy quadrangle. This quadrangle includes sinkholes in
the municipalities of Camuy, Hatillo, and Arecibo. The location map of sinkholes within
the Aguadilla USGS topographic quadrangle can be seen in Appendix A.

This quadrangle covers the western portion of the town of Arecibo. Sinkholes are
concentrated along state road PR-653 in Arecibo, along Barrios Naranjito and Campo
Alegre of Hatillo, and in Barrios Hato Arriba and Dominguito of Arecibo.
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Table 7:

Sinkholes within the USGS Camuy quadrangle

Sinkhole ID Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)
CM-98 Camuy 66.865 18.430 52.30 21%
CM-99 Camuy 66.865 18.476 59.63 75%
CM-100 Camuy 66.864 18.474 18.01 41%
CM-102 Camuy 66.855 18.454 221.25 44%
CM-103 Camuy 66.854 18.455 19.66 44%
CM-104 Camuy 66.853 18.458 19.89 50%
CM-105 Hatillo 66.822 18.479 164.30 37%
CM-106 Hatillo 66.812 18.437 87.81 21%
CM-107 Hatillo 66.811 18.420 52.70 26%
CM-108 Hatillo 66.807 18.435 101.06 21%
CM-109 Hatillo 66.800 18.430 55.86 24%
CM-110 Hatillo 66.797 18.430 36.62 39%
CM-111 Hatillo 66.797 18.478 43.29 34%
CM-112 Arecibo 66.791 18.423 199.57 22%
CM-113 Arecibo 66.787 18.424 296.98 23%
CM-114 Arecibo 66.787 18.427 35.00 64 %
CM-115 Hatillo 66.785 18.406 39.66 45%
CM-116 Arecibo 66.782 18.405 11.47 45%
CM-117 Hatillo 66.779 18.404 10.71 56%
CM-118 Hatillo 66.777 18.409 39.73 47 %
CM-119 Arecibo 66.762 18.447 173.79 26%
CM-120 Arecibo 66.760 18.445 407.90 36%
CM-121 Arecibo 66.757 18.444 417.07 62%
CM-122 Arecibo 66.756 18.418 169.65 23%
CM-123 Arecibo 66.755 18.422 18.45 51%
CM-124 Arecibo 66.755 18.464 725.91 45%
CM-125 Arecibo 66.752 18.418 148.63 29%
CM-126 Arecibo 66.752 18.465 157.41 85%

14



Coordinat
Sinkhole ID  Municipality ooTemaes Drainage area (ac) % Urban

x (long) y (lat)
CM-127 Arecibo 66.752 18.458 39.79 31%

Garbage was observed in almost all of the visited sinkholes. The total drainage area for
the visited sinkholes found within the Quebradillas quadrangle is approximately 3,945
acres, of which 40%correspond to urban land use. From the fifteen sinkholes where
people were interviewed, 11 stated that the sinkholes emptied anywhere from 2 to 5
days, and cause no flooding problems in the area.

Figure 9 shows photographs of sinkhole CM-126. According to interviewed residents,
Arecibo’s Department of Public Works has performed several works inside the sinkhole
to improve drainage and flooding conditions in the area. The works have included the
installation of pumps and the placement of a liner throughout the entire bottom of the
sinkhole. Residents state that after works were completed, flooding occurs more
frequently and that the sinkhole retains water permanently, due in part to the liner that
does not allow water infiltration through the sinkhole bottom. Also, the newly installed
pump system has not received maintenance, and is already not functioning properly.
The sinkhole also receives sewage surcharge from the sanitary sewer that runs along PR-
653.

Figure 10 shows photographs of sinkhole CM-113, which according to nearby residents,
receives no maintenance and floods frequently. The sinkhole receives runoff from two
large pipes that drain nearby streets. Appendix B and Appendix C includes the database
tables and inventory data sheet, respectively, for the sinkholes within the Camuy
quadrangle.

4.5. Sinkholes within Arecibo USGS Quadrangle

A total of 7 sinkholes within the Arecibo quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Table 8 presents the
sinkholes found within the Arecibo quadrangle. Sinkholes found in this quadrangle are
concentrated in the eastern portion of the town of Arecibo, the eastern portion of Barrio
Dominguito and along PR-2. The location map of sinkholes within the Arecibo USGS
topographic quadrangle can be seen in Appendix A.
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Table 8: Sinkholes within the USGS Arecibo quadrangle

Sinkhole ID Municipality Coordinates Drainage area (ac) % Urban
X y
AR-128 Arecibo 66.747 18.466 45.95 89%
AR-129 Arecibo 66.746 18.447 180.76 29%
AR-130 Arecibo 66.744 18.464 16.54 61%
AR-131 Arecibo 66.743 18.422 122.57 26%
AR-132 Arecibo 66.660 18.446 325.51 62%
AR-133 Arecibo 66.646 18.430 129.49 35%
AR-134 Arecibo 66.632 18.440 606.39 27%

The total drainage area for the visited sinkholes found within the Arecibo quadrangle is
approximately 1,427 acres, 38% of which correspond to urban land use. From the six
sinkholes where nearby residents were interviewed, four states that the sinkholes store
runoff, but empty without flooding adjacent areas, while two stated that the sinkholes
flood frequently.

Figure 11 shows photographs of sinkhole AR-128, located adjacent to the Luis Mufioz
Marin Elementary School, in PR 653, Arecibo. The interviewed school employee stated
that the municipality’s Public Works Department had made several improvements to
the sinkhole cavities, but the sinkhole now does not empty completely due to the lack of
maintenance after the improvements were made. The interviewed person states that
surcharge from the sanitary sewer system that runs along PR-653 reaches the sinkhole
when the sanitary system’s capacity is reached. Appendix B and Appendix C includes
the database tables and inventory data sheet, respectively, for the sinkholes within the
Arecibo quadrang]e.

4.6. Sinkholes within Barceloneta USGS Quadrangle

A total of 27 sinkholes within the Barceloneta quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Table 9 presents the
sinkholes found within the Barceloneta quadrangle. This quadrangle includes sinkholes
in Barceloneta, Arecibo, Florida and Manati. Sinkholes are concentrated in Barrio Sabana
Hoyos of Arecibo, Barrio Florida Afuera of Barceloneta, and along state road PR-2. The
location map of sinkholes within the Barceloneta USGS topographic quadrangle can be
seen in Appendix A.
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Table 9:

Sinkholes within the USGS Barceloneta quadrangle

Sinkhole ID Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)
BT-135 Arecibo 66.611 18.436 198.62 35%
BT-137 Barceloneta 66.605 18.389 98.44 32%
BT-138 Arecibo 66.604 18.402 87.36 21%
BT-139 Barceloneta 66.603 18.398 28.43 37%
BT-140 Barceloneta 66.602 18.399 26.70 32%
BT-141 Barceloneta 66.601 18.402 25.96 31%
BT-142 Barceloneta 66.599 18.390 18.69 29%
BT-143 Arecibo 66.598 18.402 58.08 35%
BT-144 Arecibo 66.598 18.398 17.51 32%
BT-145 Arecibo 66.596 18.401 19.82 24%
BT-146 Arecibo 66.596 18.394 2.52 27%
BT-147 Arecibo 66.595 18.403 49.51 22%
BT-148 Arecibo 66.595 18.393 42.80 55%
BT-149 Arecibo 66.594 18.392 7.05 24%
BT-150 Arecibo 66.594 18.396 11.04 28%
BT-151 Arecibo 66.594 18.393 10.73 44%
BT-152 Barceloneta 66.590 18.394 15.18 24%
BT-153 Barceloneta 66.580 18.411 21.29 41%
BT-154 Barceloneta 66.576 18.419 12.15 45%
BT-155 Barceloneta 66.575 18.422 21.40 41%
BT-156 Barceloneta 66.575 18.418 21.98 60%
BT-158 Barceloneta 66.574 18.412 74.01 42%
BT-167 Florida 66.555 18.383 65.86 35%
BT-168 Manati 66.554 18.391 62.06 29%
BT-170 Barceloneta 66.553 18.448 411.39 44%
BT-171 Manati 66.535 18.408 143.40 37%
BT-173 Manati 66.517 18.448 508.71 22%
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The total drainage area for the visited sinkholes found within the Barceloneta
quadrangle is approximately 2,234 acres, of which 33% correspond to urban land use.
According to the interviews, 30% of the twenty sinkholes where people were
interviewed flood nearby residences. The majority of the visited sinkholes had large
quantities of garbage, used appliances or even abandoned vehicles, as seen in the
photographs of sinkholes BT-155 and BT-156 included in Figure 12.

Many sinkholes in that area was located behind residences, were observed to have the
greater amount of garbage. Also, residents tend to discharge their washing machines
directly into the sinkhole. Figure 13 shows photographs of Sinkhole BT-140 showing the
discharge of washing machines and garbage inside the sinkhole located behind a
residence.

Sinkhole BT-170 has been provided with several injection wells to improve drainage, as
seen in Figure 14. The interviewed person stated that the sinkhole takes a week to
empty, causing odor emanation and mosquito problems. The municipality of
Barceloneta maintains the sinkhole area. The sinkhole receives runoff from the
surrounding development. Appendix B and Appendix C includes the database tables
and inventory data sheet, respectively, for the sinkholes within the Barceloneta
quadrangle.

4.7. Sinkholes within Florida USGS Quadrangle

A total of 8 sinkholes within the Florida quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Table 10 presents the
sinkholes found within the Florida quadrangle. This quadrangle includes sinkholes in
Florida and Manati. Sinkholes found within this quadrangle are concentrated along state
road PR-642 in the town of Florida and in Barrio Rio Arriba Poniente of Manati. The
location map of sinkholes within the Florida USGS topographic quadrangle can be seen

in Appendix A.
Table 10: Sinkholes within the USGS Florida quadrangle
Coordinat
Sinkhole ID Municipality ooTemaes Drainage area (ac) % Urban
x (long) y (lat)

FL-157 Florida 66.574 18.353 101.21 37%
FL-159 Florida 66.574 18.357 34.97 79%
FL-160 Florida 66.573 18.360 167.41 53%
FL-161 Florida 66.572 18.365 57.54 42%
FL-163 Florida 66.568 18.365 93.90 41%
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Coordinates

Sinkhole ID  Municipality Drainage area (ac) % Urban
x (long) y (lat)
FL-164 Florida 66.562 18.363 169.48 40%
FL-169 Florida 66.554 18.363 36.36 34%
FL-172 Manati 66.523 18.367 184.49 24%

The total drainage area for the visited sinkholes found within the Florida quadrangle is
approximately 1,034 acres, 40% of which correspond to urban land use. Only one of the
ten sinkholes where people were interviewed (sinkhole FL-157) causes flooding of
adjacent areas. This sinkhole does not completely empty as seen in Figure 15.

According to the interviewed person, Sinkhole FL-161 receives runoff from the street,
and produces a bad odor when water accumulates in the sinkhole. As seen in Figure 16,
the sinkhole receives wastewater. Appendix B and Appendix C includes the database
tables and inventory data sheet, respectively, for the sinkholes within the Florida
quadrangle.

4.8. Sinkholes within Manati USGS Quadrangle

A total of 20 sinkholes within the Manati quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Table 11 presents the
sinkholes found within the Manati quadrangle. This quadrangle includes sinkholes in
Manati and Vega Baja. Sinkholes under the influence of urban areas are concentrated
mainly along state road PR-2. The location map of sinkholes within the Manati USGS
topographic quadrangle can be seen in Appendix A.

Table 11: Sinkholes within the USGS Manati quadrangle
Sinkhole ID Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)
MN-174 Manati 66.495 18.450 225.70 28%
MN-175 Manati 66.493 18.453 42.78 42%
MN-176 Manati 66.488 18.464 343.38 47%
MN-177 Manati 66.486 18.411 15.53 36%
MN-178 Manati 66.477 18.430 39.24 57%
MN-179 Manati 66.476 18.436 117.08 51%
MN-180 Manati 66.474 18.435 26.91 96 %
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Coordinates

Sinkhole ID  Municipality Drainage area (ac) % Urban
x (long) y (lat)
MN-181 Manati 66.471 18.460 15.91 42%
MN-182 Manati 66.470 18.427 155.54 35%
MN-183 Manati 66.469 18.437 126.12 48%
MN-184 Manati 66.463 18.438 47.31 39%
MN-185 Manati 66.461 18.383 17.15 44%
MN-186 Manati 66.455 18.441 221.54 33%
MN-188 Manati 66.453 18.450 85.46 35%
MN-191 Manati 66.439 18.444 286.22 37%
MN-193 Vega Baja 66.426 18.447 262.14 40%
MN-194 Vega Baja 66.418 18.454 241.07 47 %
MN-195 Vega Baja 66.418 18.483 20.09 100%
MN-197 Vega Baja 66.414 18.479 17.30 100%
MN-199 Vega Baja 66.411 18.456 14.87 96%

The total drainage area for the visited sinkholes found within the Manati quadrangle is
approximately 2,321 acres, of which 42% correspond to urban land use. From the
thirteen people interviewed, five indicated that the sinkholes currently flood roads and
residences in the area. The most common observation consisted on the presence of
garbage, as seen in Figure 17, which shows photographs of sinkholes MN-189 and MN-
185.

Sinkhole MN-180 has been greatly modified to improve drainage, as seen in Figure 18.
The sinkhole, which receives runoff from the surrounding parking areas, does not cause
flooding according to the interviewed person. Figure 19 shows photographs of Sinkhole
MN-194, which has been modified to incorporate injection wells that, according to the
interviewed resident of the area, are clogged. The person stated that the municipality of
Vega Baja provided a pump to maintain water levels low, but still the sinkhole floods
nearby residences during large rainfall events. Figure 20 shows an aerial photograph of
Sinkhole MN-194 and the extent of the flooding problem. Appendix B and Appendix C
includes the database tables and inventory data sheet, respectively, for the sinkholes
within the Manati quadrang]e.
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4.9. Sinkholes within Ciales USGS Quadrangle

A total of 3 sinkholes within the Ciales quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). The sinkholes included in
this inventory are all located in the municipality of Morovis. Table 12 presents the
sinkholes found within the Ciales quadrangle. The sinkholes in this quadrangle are
concentrated in Barrios Barahona and Morovis Norte, in Morovis. The location map of
sinkholes within the Ciales USGS topographic quadrangle can be seen in Appendix A.
The total drainage area for the visited sinkholes found within the Ciales quadrangle is
approximately 65 acres, of which 49% correspond to urban land use. Appendix B and
Appendix C includes the database tables and inventory data sheet, respectively, for the
sinkholes within the Ciales quadrangle.

Table 12: Sinkholes within the USGS Ciales quadrangle

Sinkhole ID  Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)
CL-190 Morovis 66.445 18.351 11.09 40%
CL-192 Morovis 66.437 18.355 40.81 41%
CL-198 Morovis 66.413 18.337 13.00 84%

4.10. Sinkholes within Vega Alta USGS Quadrangle

A total of 9 sinkholes within the Vega Alta quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Table 13 presents the
sinkholes found within the Vega Alta quadrangle. This quadrangle includes sinkholes in
Vega Alta and Dorado. The location map of sinkholes within the Vega Alta USGS
topographic quadrangle can be seen in Appendix A.

Table 13: Sinkholes within the USGS Vega Alta quadrangle
Sinkhole ID Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)
VA-201 Vega Alta 66.341 18.466 7.00 53%
VA-202 Vega Alta 66.341 18.445 256.44 23%
VA-205 Vega Alta 66.328 18.386 74.28 25%
VA-206 Dorado 66.300 18.448 132.68 26%
VA-207 Dorado 66.299 18.419 17.14 44%
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Coordinates

Sinkhole ID  Municipality Drainage area (ac) % Urban
x (long) y (lat)
VA-208 Dorado 66.283 18.442 20.74 47%
VA-209 Dorado 66.280 18.442 19.99 52%
VA-210 Dorado 66.271 18.406 12.50 22%
VA-212 Dorado 66.259 18.397 176.75 29%

The total drainage area for the visited sinkholes found within the Vega Alta quadrangle
is approximately 718 acres, 28% of which correspond to urban land use. According to
the interviewed people, 60% of the sinkholes where interviews were conducted have
flooding issues. Figure 21 shows a photograph of sinkhole VA-201, and the presence of
detergent water. Appendix B and Appendix C includes the database tables and
inventory data sheet, respectively, for the sinkholes within the Vega Alta quadrangle.

4.11. Sinkholes within Bayamén USGS Quadrangle

A total of 14 sinkholes within the Bayamoén quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Table 14 presents the
sinkholes found within the Bayamoén quadrangle. This quadrangle includes sinkholes in
Bayamon and Toa Baja. Sinkholes under the influence of urban areas in this quadrangle
are concentrated along Barrio Candelaria in the municipality of Toa Baja and in Barrio
Hato Tejas of Bayamon. The location map of sinkholes within the Bayamon USGS
topographic quadrangle can be seen in Appendix A.

Table 14: Sinkholes within the USGS Bayamoén quadrangle
Sinkhole ID Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)

BM-213 Toa Baja 66.225 18.416 27.99 76%
BM-214 Toa Baja 66.225 18.411 72.16 54%
BM-215 Toa Baja 66.223 18.415 12.79 73%
BM-216 Toa Baja 66.218 18.415 32.80 39%
BM-218 Toa Baja 66.215 18.419 58.49 56%
BM-219 Toa Baja 66.213 18.415 15.59 100%
BM-220 Toa Baja 66.212 18.407 43.05 65%
BM-221 Toa Baja 66.211 18.405 130.31 78%
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Coordinates

Sinkhole ID  Municipality Drainage area (ac) % Urban
x (long) y (lat)
BM-222 Toa Baja 66.211 18.415 13.89 69%
BM-223 Toa Baja 66.207 18.407 42.51 55%
BM-224 Toa Baja 66.206 18.419 57.62 54%
BM-225 Bayamoén 66.194 18.415 11.64 43%
BM-227 Bayamoén 66.181 18.414 36.51 65%
BM-228 Bayamoén 66.141 18.404 149.58 63%

The total drainage area for the visited sinkholes found within the Bayamon quadrangle
is approximately 731 acres, of which 64% correspond to urban land use. Sinkholes
within the Candelaria community, BM-218 for example, were observed to be the most
contaminated with garbage and sewer water, and according to interviewed residents,
flooding occurs frequently. Figure 22 shows photographs of Sinkhole BM-218. Appendix
B and Appendix C includes the database tables and inventory data sheet, respectively,
for the sinkholes within the Bayamoén quadrangle.

4.12. Sinkholes within Naranjito USGS Quadrangle

A total of 1 sinkhole within the Naranjito quadrangle has been identified to have
significant urban drainage (more than 20% urban land use). The sinkhole is located in
the municipality of Bayamoén, in Barrio Péjaros.

Table 15 presents the sinkholes found within the Naranjito quadrangle. The location
map of sinkholes within the Naranjito USGS topographic quadrangle can be seen in
Appendix A. Appendix B and Appendix C includes the database tables and inventory
data sheet, respectively, for the sinkholes within the Naranjito quadrangle.

Table 15: Sinkholes within the USGS Naranjito quadrangle
Coordinates
Sinkhole ID Municipality Drainage area (ac) % Urban
x (long) y (lat)
NJ-226 Bayamoén 66.190 18.364 451.59 100%
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4.13. Sinkholes within San Juan USGS Quadrangle

A total of 3 sinkholes within the San Juan quadrangle have been identified to have
significant urban drainage (more than 20% urban land use). Table 16 presents the
sinkholes found within the San Juan quadrangle. This quadrangle includes sinkholes in
San Juan and Guaynabo. Two sinkholes are located in Barrio Monacillo Urbano in San
Juan, and the other sinkhole is located in Barrio Pueblo Viejo in Guaynabo. The location
map of sinkholes within the San Juan USGS quadrangle can be seen in Appendix A.

Table 16: Sinkholes within the USGS San Juan quadrangle
Sinkhole ID Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)
SJ-229 Guaynabo 66.117 18.392 209.87 100%
SJ-230 San Juan 66.101 18.386 113.68 100%
SJ-231 San Juan 66.087 18.382 64.58 100%

Figure 23 shows photographs of Sinkhole SJ-230, located in Barrio Monacillos.
According to the interviewed person, even though the sinkhole does not cause flooding
of adjacent areas, the amount of runoff that reaches the sinkhole has increased during
past years. Appendix B and Appendix C includes the database tables and inventory data
sheet, respectively, for the sinkholes within the San Juan quadrangle.

4.14. Sinkholes with low Percent of Urban Influence

As explained earlier, sinkholes that were determined to have 20% or more of urban areas
within their catchments were considered to have “significant impact”. However, 17
visited sinkholes were determined to have a percent of urban area lower than 20%.
These sinkholes are identified in Table 17.

Table 17: Sinkholes with 20% or less of urban area influence
Sinkhole ID  Municipality Coordinates Drainage area (ac) % Urban
x (long) y (lat)

AG-8 Aguadilla 67.132 18.470 34.98 8%
QuU-91 Quebradillas 66.911 18.444 157.93 7%
QU-92 Quebradillas 66.910 18.452 109.82 14%
QU-95 Camuy 66.881 18.430 330.68 12%
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Coordinates

Sinkhole ID  Municipality Drainage area (ac) % Urban
x (long) y (lat)

CM-101 Camuy 66.860 18.453 120.70 18%
BT-136 Barceloneta 66.610 18.390 173.25 6%
FL-162 Florida 66.569 18.354 84.02 18%
FL-165 Florida 66.560 18.374 84.44 14%
FL-166 Florida 66.556 18.363 19.90 15%

MN-187 Manati 66.455 18.450 58.91 9%

MN-189 Manati 66.447 18.415 77.53 18%

MN-196 Manati 66.414 18.445 326.74 13%

MN-200 Vega Baja 66.381 18.393 28.64 15%
VA-203 Vega Alta 66.329 18.381 7.94 7%
VA-204 Vega Alta 66.329 18.382 8.05 7%
VA-211 Dorado 66.270 18.404 16.90 16%
BM-217 Toa Baja 66.215 18.415 26.16 6%

25



OBSERVATIONS AND RECOMMENDATIONS

Sinkholes receiving a significant amount of urban runoff were identified and
selected with the use of the USGS topographic quadrangle data and recent aerial
photography. Watershed limits were determined based on USGS topographic
mapping and verified through field visits. The assessment of flooding conditions
in the area was performed through interviews with nearby residents.

A total of 231 sinkholes have been included in this inventory. Approximately
16% of the sinkholes included in this inventory have reported flooding problems,
while 29% were observed to have potential quality issues such as significant
amount of garbage, abandoned house appliances, and cars, receive used
wastewater discharge, or produce bad odors. Only 7% of the sinkholes presented
here, have been in some way “improved” either by increasing its capacity
through enlarging or by installing injection wells or pump systems.

The most frequently observed problem in urban drainage areas is the amount of
garbage, sediment and other debris reaching the sinkholes. The lack of
maintenance affects the hydraulic capacity of the sinkholes and, in some
instances, debris have blocked the sinkhole cavities, causing flooding problems
for adjacent areas.

Sinkholes that were found to have pump systems installed for drainage continue
to experience flooding due to the lack of pump maintenance and eventual failure
of the pump systems.

It is recommended that the sinkholes included in this inventory be cross
referenced to the sinkholes listed in the Environmental Quality Board’s
underground injection database.
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Figure 2: Photographs of sinkhole AG-15



Figure 3: Photographs of sinkhole AG-14
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Figure 5: Photographs of improved sinkholes within the Moca quadrangle
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Figure 6: Photograph of sinkhole QU-89
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Figure 8: Aerial photograph of sinkhole QU-94
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Figure 9: Photographs of Sinkhole CM-126
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Figure 10: Photographs of Sinkhole CM-113
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Figure 11: Photographs of Sinkhole AR-128
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Figure 13: Photographs of Sinkhole BT-140
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Figure 14: Photographs of sinkhole BT-170




Figure 15: Photographs of sinkhole FL-157



Figure 16: Photographs of sinkhole FL-161
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Figure 19: Photographs of sinkhole MN-194
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Figure 20: Aerial photograph of sinkhole MN-194
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Figure 21: Photographs of sinkhole VA-201
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APPENDIX A

Location maps of sinkholes on the
USGS quadrangle




143

2 Bunmauwbuzy

L
SBILEANINAY

000°GG:1 ‘8[eos

S

N

sywi peusielem §7)
ealy ueqin

soyyuIs v

puabar

de xapuj

v11iavnov

:uones0 BoyNYUIS ueqin




143

Bunmaubuzy

SO
N

000°GG:1 ‘8[eos

S

N

sywi peusielem §7)

ealy ueqin ‘

sloyyuIs v

puabar

dej\ xapuj

VOON

:uones0 BoyNYUIS ueqin




143

14 Buneauibuzm

SISO -,
Y _*MV

000°GG:1 ‘8[eos

S
TN
S6:ND" s’

N drd

suwr pausielem §3)
ealy uegin ‘

soyPuIs v

puabo B s ﬁ-

-NOv.8

v.m. .."ﬁ.“f i .

depy xapuj

sv111advydg3and

:uones0 BoyNYUIS ueqin




14
[+ Bunmaubuzy

SIHHON i
)

AL
=
s

a
.
e

€ Gl S0 0
WY e —

000°GG:1 ‘8[eos

sywi peusielem §7)

ealy ueqin ‘

sloyyuIs v

puabar

dej\ xapuj

ANNVD

:uones0 BoyNYUIS ueqin

A vl

... ...|.J

CLL
%

e




143

9 UC.L_#:WE, _Ur.m
SIFEION

Y

2 l.ii

,f/

€ S G0 0
w

000°GG:1 ‘8[eos

suwr pausielem §3)

ealy ueqin ‘

soYuUIS v

puaba

dej\ xapuj

ogIo3dv

:uones0 BoyNYUIS ueqin




143

VA Buneauibuzm

SISO -,
Y _*MV

000°GG:1 ‘8[eos

S

N

suwr pausielem §3)

ealy ueqin ‘

soyPuIs v

puaba

depy xapuj

V13INO130dvd

:uones0 BoyNYUIS ueqin




143

1] Buneauibuzm

N

\_\ﬂmmwwv
Nz

By

€ §L S0 0
wy

000°GG:1 ‘8[eos

suwr pausielem §3)

ealy ueqin ‘

soyPuIs v

puaba

depy xapuj

varod

:uones0 BoyNYUIS ueqin




143

Buumauwbuz
SIHHONIE

N\

000°GG:1 ‘8[eos

S

N

sywi peusielem §7)

ealy ueqin ‘

sloyyuIs v

puabar

dej\ xapuj

ILVNVIN

:uones0 BoyNYUIS ueqin




14"
oL

Buumauwbuz
SIHHON L

Y

000°GG:1 ‘8[eos

S

N

suwr pausielem §3)

ealy ueqin ‘

soYuUIS v

puaba

dej\ xapuj

S3ATVIO

:uones0 BoyNYUIS ueqin




143

1 Bunwauwbuz

N

|

S)WIT paysIalem) 8 R\

ealy ueqin Tl e Bk | TN . 902V

soyPuIs v

puaba

depy xapuj

V11V VO3A

:uones0 BoyNYUIS ueqin




145
cl Bupeauibug

SIHHOIN L] -,.
Y H_MV

w

suwr pausielem §3)

Baly ueqin ‘

soYuUIS v

puaban

de\ xapu|

NOWNVAVY

:uones0 BoyNYUIS ueqin




" <
c
S <, .
et [2]
S E
o 3 S N W”’
a 9 g o a S 8. BN g
o 3 2 2 g 8 1P EA\WaT
2 2 £s58 Y L LR s
X é £ £ & = © \ w:
» > = 3

= < % (%} 2 _-_f w
(72] s o
s = IR

x
1] [ [
2 E g °
: — J




14

vl Buuasubulm

B

S}HWIT paySIoIE 8

ealy ueqin ‘

sopuUIS v

puabar

dep xapuj

NVNr NVS

:U0I3BD0 dJoyNUIS ueqin




APPENDIX B

Sinkhole Inventory database tables
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