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TERRAMAR DEVELOPMENT GROUP 

LOS FARALLONES SITE HYDROLOGY 

 

I. INTRODUCTION 

 

Terramar Development Group is planning to develop a residential-commercial complex 

project named “Los Farallones” in 202-cuerdas located in the Autonomous Municipality of 

Caguas.  The project will consist of 936 apartments, 80,000 square foot commercial area, and 

recreation and ancillary facilities pertaining to this type of project. 

 

Three issues related to the hydrology of the site planned for development are of focus of this 

report: water bodies, storm watercourses, and floodability of the area.  This report, along with 

general hydrologic information related to the site will provide a point of reference to assess 

and minimize the impacts on the hydrology from the construction of the project. 

 

1.1 Location 

 

The site is located to the north of state road PR-156, at Km. 56.0, Cañabón Ward, in the 

Autonomous Municipality of Caguas.  It is bordered by Comunidad Las Carolinas on the 

north, state road PR-156 on the south, the property of  Jose W. Cartagena and Blanca Longo 

on the east, and Puerto Rico Aqueduct and Sewer Authority, El Amal, Notre Dame and Better 

Roads Asphalt on the west.  See Figure 1. 

 

1.2 Project 

 

Los Farallones project plans to be a residential-commercial complex consisting on 936 

multifamily residential units distributed in buildings, with 80,000 square feet commercial 

space.  The project will occupy approximately 73 cuerdas or 36% of the 202 cuerdas.  The 

remaining land will be left in natural state for conservation.  A preliminary layout of the 

project is shown in Figure 2. 
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1.3 Site Topography 

 

The project area has an irregular topography. Part of the portion of the project area located 

east of Río Cagüitas slopes to the south between elevation 175 and 85 meters; the other part 

slopes to the north. The area west of Rio Cagüitas slopes to the east. Several storm 

watercourses are evident as a result of the uneven surface topography.  

 

II. HYDROLOGY 

 

2.1 General 

 

The project area belongs to two drainage basins: 

 the northeastern portion (P1), which is relatively small, drains to Río Bairoa basin 

 the rest (P2) to Río Cagüitas. Rio Bairoa runs about 700 meters north of the project 

site, while Río Cagüitas crosses the project site. 

The development will affect part of Area P2B; thus impacting several storm watercourses 

draining runoff to Río Cagüitas.  Ecological value will be preserved on undeveloped Areas P1 

and partial Area P2B.  The area to the west of Río Cagüitas (P2C), which has a steep 

topography, will be left in natural state.  See Figure 4. 

 

2.1.1 Rainfall 

 
There are no rain gages at the area of the project. Precipitation data from NOAA’s Station 

Gurabo SSW, located at Latitude 18º16’ and Longitude 66º00’ in Gurabo Puerto Rico is 

included for reference.  The monthly precipitation data during the period of 2001 to 2003 

show its lowest in March 2001 with 0.95 inches; and its highest in November 2003 with as 

much as 17.76 inches.  The average annual precipitation is 54.7, 57.09 and 79.97 inches, for 

2001, 2002 and 2003, respectively.  See Appendix A for data from NOAA. 
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The portion of the isohyetal map for Puerto Rico covering this watershed is shown in Figure 5 

(Black & Veatch, 1970).  Based on the isohyetal map the mean annual rainfall in the area of 

the project is about 70 inches/year. 

 

Rainfall depths as a function of rainfall duration and frequency of occurrence were obtained 

from the Technical Paper No. 42 (TP-42) [National Weather Service].  The rainfall events of 

2 through 100-years frequency for different durations for the area of the project are shown in 

Table 1. 

Table 1 
Rainfall Depths (Inches) 

 

Frequency Duration 
(hours) 2-year  10-year 25-year 50-year 100-year  

1 2.20 3.28 3.76 4.20 4.60 

2 2.70 4.25 4.75 5.25 6.0 

3 2.95 4.70 5.30 6.10 6.50 

6 3.80 5.75 6.60 7.50 8.25 

12 4.40 6.75 8.10 9.10 10.10 

24 4.90 7.90 9.50 10.80 12.10 
 

2.1.2 Runoff 

 

The project property shares two drainage basins: Río Bairoa and Río Cagüitas, both are 

tributaries to Rio Grande de Loiza.  The USGS has a streamflow gage in the Rio Cagüitas 

near Caguas (gage 50055170).  This gage is located on Latitude 18º13’59”, Longitude 

66º02’53”, 0.9 miles southwest from Plaza de Caguas, 0.6 miles northeast from Escuela 

Bunker, and 1.2 miles northwest from Escuela Antonio S. Pedreira.  See Figures 6.  Mean 

annual runoff at this gage averages 10,450 acre-ft/year, equivalent to an average of 23.71 

inches of annual rainfall between 1992-1996.  According to the USGS Water Resources Data 

Puerto Rico and the Virgin Islands annual reports, the drainage area of this gage is 8.27 

square miles. 
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2.1.3 Soils 

 

The classification of the soil of the site is included in the Soil Survey of the San Juan Area of 

Puerto Rico.  This study was made for the Soil Conservation Service in cooperation with the 

University of Puerto Rico in 1972.  According to this study, the soils found in the site were 

identified as Estacion Clay, Juncos Clay, Mabi Clay, Mucara Clay, Rio Arriba Clay, Toa Clay 

and Via Clay loam. The most predominant type found was Mucara Clay with over 60 percent 

of the total area.  A more detailed classification is shown in Table 2.  Figure 7 shows the site 

in a partial copy of the map of the Soil Survey of San Juan Area of Puerto Rico. 

 

Table 2:  Soils Classification of the Site 
 

Name Description Area % 
Es Estacion Silty Clay Loam 17.83 6.98 

JuC Juncos Clay 5 to 12% slopes 11.75 4.61 

JuD Juncos Clay 12 to 20% slopes 5.12 2 

MaC Mabi clay 5 to 12% slopes 19.3 7.56 

MxF Mucara Clay 40 to 60% slopes 153.87 60.3 

RoB Rio Arriba Clay 2 to 5% slopes 5.25 2.05 

RoC2 Rio Arriba Clay 5 to 12% slopes eroded 5.66 2.22 

To Toa Silty Clay Loam 30.38 11.9 

VkC2 Via Clay Loam 5 to 12% slopes eroded 6.05 2.37 

 

2.2 Rio Cagüitas 

 

Río Cagüitas runs along the southern boundary of the portion of the site to be developed.  

Most of the runoff from the project site drains to this river.  The nascent of Rio Cagüitas is at 

approximately 2,600 meters to the northwest of the project site. It runs from northwest to 

southeast crossing the property site.  And it is water body with an approximate drainage area 

of 4,263 acres as seen in Figure 8.  The project will not affect this water body except for some 
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discharge headwalls.  The U.S. Army Corps of Engineers will be consulted as per its 

jurisdiction.  A Nationwide Permit may be necessary. 

 

2.2.1 Annual Runoff 

 

Mean annual precipitation is about 70 inches/year as shown on Figure 5.  The relation runoff 

to precipitation at this area was set at 0.65 as corresponding to the area’s curve number of 75.  

Therefore, the amount of surface runoff produced by the drainage area on an annual basis will 

be 17.69 MGD.  Mean discharge was estimated for the purpose of showing the magnitude of 

the watercourse.  The relationship used was developed by the USACOE and is expressed by 

the following formula: 

 

Qa = 0.73*A0.760*S-0.250*(Index-75)1.07 

 

 where:  A  = Watershed area, mi2 

   S = Main channel slope, m/m 

   Index  = Climatic index  

   Qa  = Mean annual discharge, cfs. 

 

Climate index taken from the climate index map for PR is 100. Therefore, mean discharge 

using this formula yields 40.11 cfs. 

 

See Appendix B for computations. 

 

2.2.2 Water Quality 

 

 No water quality records where found for the site.  Through the type of activities identified 

within the watershed, it is inferred that the water does not get contaminated to the point that it 

is useless for drinking water.  The activities found in the watershed are mostly domestic.  

Organic contaminants can be expected from failing septic tanks.  Traces of agricultural 
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chemical products may also exist. But outside of them, no significant polluting industrial 

activity is found. 

 

Solids are captured naturally as the water contacts the soil.  In any natural system, the rainfall 

runoff migrating to the ocean picks up dissolved solids (DS), and suspended solids (SS).  

Since rainfall is the product of the condensation of evaporated water, when it reaches the 

earth’s crust, it is essentially distilled water, with no solids.  Distilled water is chemically 

active.  This property plus the erosive forces generated by the water movement are 

responsible for solids capture.  A certain amount of dissolved solids is necessary for buffering 

the chemical capacity of the rainfall water.  As runoff builds up, dissolved solids in water also 

builds up. This way the corrosive nature of fresh runoff water is stabilized. 

 

2.3 Storm Water Courses 

 

Local storm watercourses at the project site run in two directions: a few to the north to Río 

Bairoa; and most to the south and southeast to Río Cagüitas. The storm watercourses in the 

Bairoa drainage basin exit the project site at three points, all located at the east boundary of 

the site. Most of the storm watercourses are dry or intermittent; but some of them will 

probably fall within the jurisdiction of the USACOE.  A jurisdictional determination (JD) is 

being performed on this purpose.  The minimum length of these watercourses is 150 meters 

and the maximum 500 meters. Most of them are characterized by having a steep slope. Each 

of these storm watercourses gathers runoff from small upstream offsite areas.  See Figure 9. 
 

2.4 Water Bodies 

 

Rio Cagüitas is the main water body related to the project site, most of the project site drains 

to this watercourse.  The project will not intend to affect this water body.  Some water bodies 

are in the process of being identified within the limits of the project site as per their 

jurisdiction of the USACOE.  Three man made ponds are located to the east of the site. One is 

located in the area that drains to Rio Bairoa, and the others in the watershed of Río Cagüitas. 
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2.5 Flooding 

 

The area of the project is not classified as floodable by the FEMA’s Flood Insurance Rate 

Map as shown in Figure 10. 
 

2.6 Ground Water  

 

Ground water is a significant loss (abstraction) to precipitation.  The amount of ground water 

depends on the permeability of the soil.  The water that permeates the subsoil usually 

accumulates and forms a water table, which is the ground water piezometric line.  The slope 

of the water table indicates the direction of the groundwater movement.  Ground water 

surfaces the ground when the ground elevation intersects the water table.   There are no 

records of water table at the site.  During the site inspection water wells where not found.. 

 

III. POSSIBLE IMPACTS 
 

The development of the areas indicated in Chapter 2 will change the surface characteristics of 

the natural topography and therefore will introduce changes in the local hydrology of the site.  

This will create changes in the overall hydrology of the receiving water bodies and ultimately 

in the hydrology of Rio Cagüitas. 

 

Apart from the environmental significance of the waters related to the areas of development, 

these waters are mainly for domestic water supply.  The control of quality and quantity of 

water at the project site is necessary due to the water use downstream, including the largest 

water supply reservoir in Puerto Rico. 

 

3.1 The Area of Development in Relation to the Concerned Watersheds 

 

Considering that the drainage area for Rio Cagüitas is 4,263 acres and the area of 

development is 82 acres, and considering a linear relation between the drainage area and 

discharge, only 1.92 percent of the waters that are being conveyed by Rio Cagüitas will be 
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impacted.  Quality wise, and assuming that all runoff from the developed project site is fully 

loaded with organic and inorganic contaminants, with concentrations similar to that of 

industrial wastewater, dilution would reduce the impact to traceable levels that would not be 

harmful when used for human consumption. 

 

3.2 Runoff Increase Mitigation 

 

The development of the site will increase the peak discharge The original pervious soil will be 

substituted by impervious roofs, walkways and streets resulting in an increment of the runoff-

rainfall ratio, thus in the peak discharge.  The effect of the increment of the peak discharge 

can produce adverse effects on the downstream.  Regulation No. 3 of The Puerto Rico 

Planning Board calls for mitigation of this increment.  Therefore, the development of the site 

will include runoff increment mitigation structures in conformance with said state regulation. 

 

3.3 Sediment Transport 

 

Two stages of erosion have been evaluated:  Erosion during construction and erosion after the 

project construction activities are completed. 

 

During construction, a great amount of material is loosened.  This material is mainly 

composed of suspended and settleable solids. Any rainfall event has the potential to transport 

material downstream.  To counteract this possibility, the project site must be provided with 

appropriate solids capture structures such as: Sedimentation ponds, hay pack barriers, etc.  On 

the permitting aspect, a CES plan conforming the requirements of the Puerto Rico 

Environmental Quality Board will be prepared, as well as a Storm Pollution Prevention Plan 

conforming EPA’s requirements.  The solids control structures will have dimensions and 

hydraulic characteristics to provide a good solids-capture rate. 

 

After the construction activities are completed, the topography of the site will be conformed 

in such a way that the whole site will have flat green areas, protected slopes, concrete roofs 

and paved streets.  Thus, the potential of erosion will be diminished:  The horizontal terrains 
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will produce low runoff velocities and no loose material will be exposed to the dynamic 

action of the running storm water. 
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APPENDIX B 
COMPUTATIONS 

 



Area, Acres 5292
         m2 21168000
Mean Precipitation, inch/year 70
                             m/year 1.778
Volume, m3/year 37636704
             cu ft /year 1328107150
             cuft/day 3638650
             gall/day 27217100
Runoff Coeficient 0.65
Estimated Runoff Volume, GPD 17691115
Estimated Runoff Volume, MGD 17.6911

Area, sq mi 8.26875
S 0.2
Index 100
Q, cfs 40.11631678
     gpd 25926052.28

AVERAGE RUNOFF VOLUME

MEAN ANNUAL DISCHARGE




