DISCOVERY BAY, AGUADILLA, PUERTO RICO

TABLE 1

GROUNDWATER LEVELS AND PERMEABILITY ANALYSIS

BEGINNING ENDING
MONITOR WELL WELLSCREEN WELL WATER SATURATED WATER SATURATED
WELL DEPTH (FT} LENGTH STICK-UP LEVEL LENGTH PERMEABILITY LEVEL LENGTH = PERMEABILITY
NUMBER {FT. BTOC) (FT.) (FT. AGS) (ET. BTOC) (FT.) (ET./DAY) (FT. BTOC) (FT.) (FT./DAY)
P-1 20.0 10.0 1.30 3.19 16.81 20.4 3.28 16.72 62.4
p-2 20.0 10.0 1.00 3,85 16.15 80.8 3.93 16.07 58.3
P-3 20.0 10.0 1.30 5.71 14.20 58.3 5.71 14.29 31.5
P-4 20.0 10.0 1.00 317 16.83 26.3 2.58 17.42 26.2
P-5 20.0 10.0 1.80 8.90 11.10 26.6 8.90 11.10 N/A,
P-6 250 10.0 5.50 12,36 12.64 65.0 13.21 11.78 N/A
AVERAGE = 44.4 44.6
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HYDRO-ENVIRONMENTAL ASSOCIATES, INC.

Hydrogeologic & Environmental Consulting

June 20, 2007

Eng. Antonio Hernandez Virella, President
AHV & Associates, Inc.

Buzon 1480, Bo. Espinar

Aguada, Puerto Rico 00602

RE: Hydrologic Assessment of Proposed Discovery Bay Marina
Espinar Ward, Aguada, Puerto Rico

Dear Eng. Hernandez:
INTRODUCTION

Hydro-Environmental Associates, Inc. (HEA) was retained by AHV & Associates, Inc. (AHV) to
conduct a Hydrologic Assessment of the proposed Discovery Bay Marina Devel opment, located
in Espinar Ward, Aguada, Puerto Rico. The goal of the assessment was to address potential impacts
to the groundwater quality resulting from the construction of a proposed inland marina basin, which
isto extend approximately 3,900 feet inland from the existing Mean Low Water (MLW) line of the
AguadillaBay. The excavated basin elevation is proposed to range from eight (8) to 14 feet below
MLW, and the existing land surface within the proposed inner harbor area ranges from Mean Sea
Level (MSL) near the coast to approximately ten feet above MSL. The Hydrologic Assessment is
based upon existing information, and supplemented by a geophysical and test drilling exploration
program.

PROJECT DESCRIPTION

The Discovery Bay Marina development project includes a proposed marinafor berthing of up to
500 medium sized boats. The marina includes an approximate 200-foot wide entrance and
navigation channel, turning basins and berthing facilities totaling approximately 60 acres. The basin
will extend from the coastline, near the mouth of the Madre Viega Creek, inland approximately
3,900 feet, terminating near the intersection of Route PR-115. The proposed marinawill require the
excavation of surface soilsto an estimated elevation of eight (8) to 14 feet below MSL. The surface
soils excavated are anticipated to be used as fill material for the residential development and
proposed levees. Portions of the subject site and proposed basin area are currently being used as an
active sand mine. The subject siteis located on the northwest coast of the island of Puerto Rico.
Portions of the inland marina are proposed to be constructed using concrete and/or steel sheet pile
for aretaining wall.

e 10014 N. Dale Mabry Highway, Suite 205, Tampa, Florida 33618 e
e (813) 969-6995 e FAX (813)969-6988 e
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REGIONAL GEOGRAPHIC SETTING

The subject site lieswithin the alluvia depositsimmediately north of the Rio Culebrinas, south and
west of the Cordillera Jaicoa and the Madre Vigja Creek, and east of the AguadillaBay. Both the
Rio Culebrinas and Madre Vigja Creek flow in a general westerly direction, bisecting the Cordillera
Jaicoa, and discharging into the Atlantic Ocean. The subject site iswithin the flood plain of the Rio
Culebrinas and the Madre Viga Creek. A branch of the Madre Viegja Creek originates from the Rio
Culebrinas approximately one-mile east of the subject site. The Cordillera Jaicoaisincised by the
Rio Culebrinas, and becomes highly eroded along the south side of the incision. Geographic
featuresin the vicinity of the subject site consist of coastal beach deposits, alluvial sediment, and
karst uplands. Thisareais specifically detailed on the Geologic Map of the Aguadilla Quadrangle.

The coastal beach deposits form an almost continuous north-south trending ridge between
Tamarindo on the north to Rincon on the south. Thisridge is roughly sub-parallel to the coastal
shoreline and terminates approximately 400 feet inland from the coast. Inland from the shallow
ridgeisan area of salt water swvamps and mangroves. The topography of the subject siteisrelatively
flat and ranges from MSL at the coast to approximately 10 feet above mean sealevel (MSL) further
inland. The past land use within the subject site was for sugar cane fields. With the exception of
the sand mining area, the subject siteis currently undevel oped.

PREVIOUSSITE INVESTIGATIONS

Initial site investigations were conducted by Foundation Engineering, Inc. during June 1998, and
by Advanced Soil Engineering, Inc. (ASE) during February 2002. The work conducted by ASE
consisted of advancing eight (8) soil borings throughout the site to depths ranging from 40 feet to
100 feet. Soil sampleswere collected and grain size analyses were conducted. Alluvia sediments,
consisting of sands, silts, and clays were identified at each boring location to the total depths. 12
Additional geotechnical soil borings were conducted during May 2007 by ASE. The soil borngs
were advanced to depths ranging from 40 to 100 feet. The main purpose of these geotechnical
borings were to define the stratigraphy in the vicinity of the proposed sheet pile areas. A copy of
the soil boring logs, as prepared by ASE are included as Appendix A.

During June 2005, HEA was retained by AHV to conduct a groundwater flow analysis of the
proposed inland marina. In order for the marina to sustain a healthy aguatic environment, proper
water circulation and tidal flushing is required. Dueto limitations in the shape of the property, the
proposed marina configuration may limit the natural circulation and flushing of seawater. Based
upon site observations made during dewatering of the sand mine, it was apparent that a significant
component of marina water circulation was obtained from groundwater flow discharging from the
shallow aquifer within the groundwater basin of the proposed marina. The Scope of Service for this
project included a preliminary evaluation of the possible ranges of flow within the surficial aquifer
based upon regional soil characteristics, followed by afield investigation to determine the hydraulic
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conductivity of the surficial aquifer within the basin area, and groundwater flow modeling to more
accurately evaluate the rate and volume of groundwater flow contribution to the proposed marina
basin. This study was based on limited field data.

The results of this study indicated that the average rate of total groundwater inflow into the proposed
marina basin is approximately 2.44 million gallons per day (MGD), while maintaining the water
level in the marinabasin at mean sealevel. Approximately 33 percent of thistotal flow would be
generated from the base of the surficial aguifer. The report indicated that the freshwater flow into
the marina basin would offset any significant salt water intrusion from the excavation. A complete
copy of thisreport isincluded as Appendix B.

During December 2005, JFA Geological and Environmental Scientists, P.S.C. (JFA) conducted
geophysical electrical resistivity profiling and subsurface sampling within the subject site. The
objective of this investigation was to characterize the coastal hydrogeologic conditions and to
estimate the configuration of the saltwater/freshwater interface underlying the western portion of
proposed project site. In addition to the electrical resistivity profiling, atotal of five (5) monitoring
wells were installed to a depth of 50 feet. The monitoring wells were located along the western
portion of the study area, near the coast. These wells are identified as WB-1 through WB-5.

The results of this study indicated that a 60 to 80 foot thick freshwater aquifer underlain by brackish
water extends from beyond the southern limit of the project areato about 900 feet inland from the
coast. Brackish water was found to extend from about 900 feet inland to about 275 feet inland from
the coast line. Salt water was found to be present from the coast inland to about 275 feet. The data
also suggested that farther south of the study area, the aluvial valey may be dominated by a
significantly thicker (<100 feet) layer of freshwater aquifer.

Theresults of this study indicated that adverse impacts from the proposed marina excavation on the
quality of the overlying freshwater surficia aquifer shall be minimal. The effects were likely to be
constrained to some inland influx of brackish water within the northern half of the marina basin.
In addition, the report stated that the proposed excavation would be limited to approximately 18
percent of the freshwater thickness, and that salt water intrusion shall be naturally controlled by the
thickness of the freshwater aquifer and by inherent differences in density between the freshwater and
saltwater layers. A complete copy of the JFA Geophysical Report is contained in Appendix C.

During April 2007, as support for this study, JFA advanced atotal of five (5) additional monitoring
wells. These monitoring wells were installed to depths ranging from 50 to 150 feet, and are
identified as WB-6 through WB-10. Monitoring well WB-10 was installed as a background well.
In situ groundwater sampling was also conducted to determine the water quality at various depths.
The monitoring wells were located further inland than the previous monitoring wells, in an attempt
to identify the depth of the salt water/freshwater interface. The JFA report also included a
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generalized geologic cross-section throughout the proposed marinaarea. Appendix D contains a
complete copy of the JFA Additional Drilling and Sampling Report, and includes monitoring well
installation reports. Figure 1 shows the locations of all existing monitoring wells throughout the
subject site.

GEOLOGIC FRAMEWORK

Based upon the previous investigations, three principal geologic units are identified within the
subject site. These hydrogeologic units consist of 1). the unconsolidated deposits of Quaternary age
lying within the Rio Culebrinas and Madre Vigja Creek valleys, 2). deposits of the basal San
Sebastian Formation, and 3). the carbonate platform strata of the Cibao Formation.

The study areaistypically underlain by Recent (Quaternary) age unconsolidated alluvia sediments
generaly consisting of an upper clayey sand and sandy clay. Swamp deposits consisting of sandy
organic muck and peat have aso been mapped on the northernmost area of the site. Underneath the
upper sandy clay layer is a layer of cross bedded quartz sand and shell, with minor amounts of
pebbles and cobble of volcanic rock. A consistent stiff gray aluvia silty clay layer has been
identified underlying the surficial sands. The gray silty clay was identified at depths ranging from
about 50 to 70 feet.

Underlying the Quaternary aluvia depositsisthe San Sebastian Formation of Tertiary age. Within
the subject site, the San Sebastian Formation consists of alternated clay, sandy clay, very fine sand,
and soft clay lenses. Due to the depth, the San Sebastian Formation was only identified at the
location of monitoring well WB-9.

Near the eastern limit of the subject site, at the location of monitoring well WB-10, the Cibao
Formation of Tertiary (Miocene) age was identified. The Cibao Formation is composed of a
calcareous clay and clayey sand with occasional clay lenses. It isthought that the Cibao Formation
pinches out along the eastern extent of the subject site, near the location Route PR-115. It isthought
that volcanic basement rocks underlie the San Sebastian Formation and Cibao Formation, however,
direct drilling has not been conducted to confirm this assumption.

HYDROGEOLOGY

There does not appear to be amajor source of groundwater within the subject site or in the vicinity
of the subject site. Potable water is obtained from the Rio Culebrinas upstream of the site and is
piped via an aqueduct system for the Espinar and Aguadilla areas. The aqueduct system is
maintained by the Puerto Rico Aqueduct Storage Authority (PRASA). The only aquifer within the
subject site and vicinity isalimited surficial aquifer. Based on our review of on-site lithologic data,
the surficia aquifer is estimated to be approximately 50 - 60 feet in thickness across the subject site
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and consists of quartz sand, shell fragments, and pebbles and cobble of volcanic rock.

Below a depth of 60 feet, a stiff to very stiff gray clay was encountered at the deep soil boring
locations. These clays probably form the base of the Quaternary aluvial sediments. This clay
would represent a confining layer, preventing the upward or downward movement of water from the
surficial aquifer.

Underlying the Quaternary aluvial deposits is the San Sebastian Formation. The San Sebastian
Formation, due to the lithology, is aso a confining layer, preventing the upward or downward
movement of water from the surficial aquifer. As discussed above, it is expected that volcanic
basement rock underlies the San Sebastian Formation. It is suspected that the Cibao Formation,
which was identified at the location of upgradient monitoring well WB-10, pinches out near the
eastern portion of the subject site. The Cibao Formation, which is mainly composed of a calcareous
clay, isaso aconfining layer, preventing upward, downward or lateral groundwater flow.

The recharge to the surficial aquifer isfrom predominately precipitation and infiltration from the Rio
Culebrinas basin. Average precipitation in the area ranges from 60 to 70 inches per year (USGS,
1984). The persistent easterly and southeasterly tradewinds contribute to produce precipitation
throughout the year, although seasonal variations occur. Due to the excessively high rates of
evaporation, evapotranspiration, and runoff, only arelatively small amount of the precipitation is
available for recharge to the aquifer.

Waell Inventory

A well inventory was conducted by representatives of JEA during May 2007. The well inventory
included review of the US EPA and Puerto Rico DNER water well databases and supplemented with
a windshield survey within 1/2 mile of the subject site. The DNER database is a listing of all
permitted wells within the study area, and US EPA database includes a map showing the locations
of inventoried wells within the study area.

Based on awindshield search and review of the USEPA and DNER databases, there are no potable
wellslocated within a2z mile vicinity of the subject site. The USEPA database did identify four (4)
water wells within the study area, however, upon further review, two (2) were identified for
industrial use only, one was probably a hand dug well that is no longer in service, and the fourth
well was actually a spring, which isidentified as Ceide Spring on the US EPA map. The spring is
located about %2 mile east of the marina, east of Route PR-2. The two (2) industrial wells were
identified as Aguadilla Cement #1 and #2, and are also |ocated about %4 mile east of the subject site
to the west of Route PR-2. Thelast well isidentified asthe Julio Allende well. Thiswell could not
be located in thefield, and is plotted within the Espinar Ward on the EPA database map. Dueto the
proximity of thiswell to the coastline, it would be either a very shalow hand dug well or a saltwater
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well, if thewell, in fact, does exist. Based on review of the Puerto Rico DNER database, there are
no permitted wells located within %2 mile of the subject site.

Water Level Elevations

On May 9, 2007, during initial water quality sampling, a complete round of water level
measurements were obtained within the ten (10) existing monitoring wells. An additional round of
water level measurements was obtained on May 18, 2007 during monitoring well sampling. The
depth of the groundwater was measured in each of the monitoring wells using an electronic water
level indicator that indicates when a probe is in contact with the groundwater in the well.
Measurements were obtained by lowering the tip of the probe into the well until it indicated that the
water surface had been encountered and by measuring the distance from the top of the inside riser
pipe to the probe. All of the measurements were recorded to the nearest 0.01-foot. In order to
obtain the groundwater elevations, al water level measurements were subtracted from the individual
top of casing elevations. The top of casing elevations were established by a Registered Land
Surveyor and the data presented to HEA.

The results of the groundwater measurements from the May 9, 2007 field event indicated that the
water level depths ranged from 2.63 to 10.41 feet below ground surface, with resultant groundwater
elevations ranging from -0.94 to 6.96 feet NGVD. The general inferred direction of groundwater
flow isto the northwest across the site discharging into Aguadilla Bay.

The results appear to indicate that the surficial aquifer water levels may be temporarily influenced
by local sand mine dewatering due to heavy rains that had occurred during the measurement period.
There isacone of depression in the water level surface in the vicinity of the ongoing sand mining
operations. Based on the water level readings, dewatering due to sand mining has lowered the
surficial aquifer to asmuch as 5.5 feet below MSL. A summary of the groundwater measurements
and elevations are presented on Table 1 of thisreport, and awater level contour map, showing the
interpretations of the general direction of groundwater flow based on the May 9, 2007 water level
readings, are presented in Figure 1.

Permeability Testing and Groundwater Flow Analysis

During the June 2005 study by HEA, single well aquifer tests were performed on six (6) monitoring
wells to determine the in-situ intrinsic hydraulic conductivity (permeability) values within the
surficial aquifer. The complete report presenting the results of the permeability tests are included
in Appendix C of this report.

The hydraulic conductivity values derived from the on the in-situ slug tests conducted on the six
monitoring wells ranged from approximately 26 to 62 feet per day (ft/d) and averaged approximately
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45 ft/d. This average hydraulic conductivity value appears to be representative for the soils
comprising the surficial aquifer at the site. Some variability of hydraulic conductivity values
between the monitoring well locations suggests some heterogeneity within the surficial aquifer at
the site. The heterogeneity would be expected in the aluvia deposits comprising the surficial
aquifer.

The average hydraulic conductivity data obtained for the upper portion of the surficial aquifer,
coupled with the measured hydraulic gradient and assumed porosity for sandy soils were used to
determine the lateral groundwater flow velocity for the site. The horizontal groundwater flow
velocity was calculated based on the following equation:

V =Ki/n

Where:

V = average linear velocity : 0.36 ft/day

K = hydraulic conductivity : 45.0 ft/day

i = hydraulic gradient : 6.96 feet / 4,400 feet = 0.0016 feet per foot
n = porosity : 0.20

Entering the variables obtained from the field investigation into the equation, the lateral groundwater
flow velocity for the upper surficial aquifer averages approximately 0.36 feet per day or about 130
feet per year in anorthwesterly direction discharging into AguadillaBay. Please note, however, that
this groundwater flow velocity represents an average hydraulic gradient. The above estimates for
groundwater flow velocity would only apply to the fraction of dissolved contamination with
densities equal to that of freshwater.

SALINE WATER INTRUSION

Since saline water is denser than freshwater, it has a tendency to move under the freshwater.

Conversely, since freshwater is lighter than seawater, it has a tendency to move over seawater.

Seawater is approximately 2.5 percent denser than freshwater, so that afreshwater head of 10.25 feet
is required to overcome each 10.0 feet of salt water head. According to the Ghyben-Herzburg
relationship, if the water table in an unconfined coastal aguifer is one-foot above MSL, the
saltwater/freshwater interface will be located at a depth of approximately 40 feet. In readlity, there
tends to be amixing of salt water and freshwater in a“zone of diffusion” around the interface. The
zone of diffusion results from a complex system of mixing of the salt water and freshwater. Thesize
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of the zone of diffusion is controlled by the dispersive characteristics of the geologic strata ( Freeze
& Cherry, 1979).

The saltwater interface is the contact zone between freshwater and saltwater. Under natural
conditions, the boundary between freshwater and saltwater in coastal regions depends on the balance
of forces in a dynamic system that can create a contact zone that varies in thickness. Normally,
freshwater moves seaward at a rate that is related to the head above sea level in the freshwater
aquifer. Saltwater intrusion results when freshwater heads decrease and saltwater migrates inland.
Generaly, the location of the saltwater interface approaches land surface near the coast and
increases in depth landward. Freshwater and saltwater mix within the zone of diffusion, but the
locations of the interface and the diffusion zone are not stationary—they are in dynamic equilibrium,
moving laterally and vertically depending on the head and movement of freshwater in the aquifer.

The position of the saltwater interface within the ground-water system is typically identified and
delineated by chloride concentrations, total dissolved solids (TDS) concentrations, and specific-
conductance ranges (Tihansky, 2004). Salinity as described in this report is based on the following
ranges of chloride concentrations of: freshwater, from 0-250 milligrams per liter (mg/L); slightly
saline water, from greater than 250—-3,000 mg/L ; moderately saline water, from greater than 3,000—
10,000 mg/L; very saline water, from greater than 10,000-19,000 mg/L ; and seawater, in excess of
19,000 mg/L.

For this report, chloride concentrations, TDS, and specific conductance are used to delineate
saltwater and to indicate mixing. Saltwater (seawater) is defined as water having at least 19,000
mg/L chloride, a TDS concentration of at least 34,000 mg/L, or specific conductance value of at
least 50,000 micro Siemens per centimeter (uS/cm). Freshwater is defined as water having achloride
concentration of 250 mg/L or less, and TDS of 500 mg/I or less, or specific conductance value of
less than 1,000 uS/cm. The areain which the water quality falls between freshwater and saltwater
is defined as the zone of diffusion. Because chloride, TDS and specific conductance values vary
widely in this zone, the chloride concentration commonly is measured to delineate where water
becomes nonpotable. The 250-mg/L isochlor istypically used as the saltwater interface because this
is the boundary where chloride concentrations exceed the US EPA maximum drinking water
contaminant level. Ground water containing approximately 1 percent seawater can increase chloride
concentrations to the US EPA’s maximum potable limits. Within the study area, the 250-mg/L
isochlor generally corresponds to a specific conductance value of 1,000 uS/cm (which is TDS
concentration less than 1,000 mg/L). Moderately saline water, with specific conductance values
greater than 10,000 pS/cm, and chloride concentrations greater than 1,000 mg/L, indicates a
predominant influence of seawater.

In this report, both the 10,000-uS/cm specific conductance isoline and the 250-mg/L isochlor have
been mapped to delineate the limits of the saltwater/freshwater interface, although they each
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represent varying levels of saline water present in the ground water within the study area. Water
exceeding 250 mg/L of chloride is considered nonpotable and, therefore, represents the upper
boundary of the saltwater interface. Where specific conductance of ground water exceeds 10,000
pS/cm in the study area, ground water becomes moderately saline and indicates that saltwater is
likely influencing ground-water chemistry.

RESULTS
Specific Conductivity Mapping

Specific conductivity was measured from the ten (10) monitoring wellsinitially at two (2) and five
(5) foot depth intervals initially on May 3, 2007, on May 9, 2007 during initial groundwater
sampling, and on May 17 — 18, 2007 during groundwater sampling. The specific conductivity
readings were used to determine the sampling depths from each monitoring well. Specific
conductivity is a measurement of the ease at which an electric current passes through the water,
therefore, the higher the degree of mineralization, the higher the specific conductivity. Specific
conductivity of groundwater can be correlated directly with chloride concentrations and TDS to
establish the limits of the saltwater/freshwater interface. Specific conductivity readings were
obtained throughout the entire depth of each monitoring well to estimate the horizontal and vertical
limits of the saltwater/freshwater interface at each well location.

Based on the results of the specific conductivity readings, very saline water was identified at the
locations of WB-5, WB-1 and WB-2, which are the nearest monitoring wellsto the coastline. The
specific conductivity ranges from these three (3) monitoring wells ranged from 17,000 to 35,500
uS/cm. At the location of monitoring well WB-3, the specific conductivity readings varied from
slightly saline near the surface of the water table to very saline near the bottom of the well. The
specific conductivity readings ranged from 1,140 uS/cm near the surface of the water table to 35,500
uS/cm at adepth of 45 feet. Based on this data, the saltwater/freshwater interface would extend to
the land surface inland approximately 1,000 feet east of the shoreline.

There appear to be two (2) small lenses of fresh water (based upon the specific conductivity values)
located within the central portion of the proposed marinabasin. The freshwater lenses are defined
by the specific conductivity from monitoring wells WB-4, WB-6, and the upper zone of WB-8. The
depths of the freshwater lenses are estimated to be between 30 feet and 60 feet in depth based upon
the monitoring well data. Between the two (2) freshwater lenses, there appears to be asmall area
defined as dlightly saline. Slightly saline water was identified at the location of monitoring well
WB-7. WB-7 islocated approximately 2,200 feet inland from the coastline.

Further inland from monitoring well WB-8, the water quality of the upper surficia aquifer becomes
very sdline at the location of WB-9 and decreases to dightly saline at the location of monitoring well
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WB-10. WB-10 was installed as a background monitoring well. Monitoring well WB-9 islocated
approximately 3,100 feet inland from the coastline and monitoring well WB-10 is located
approximately 4,400 feet inland from the coastline. The specific conductivity from monitoring well
WB-9 ranged from 25,000 to 30,000 uS/cm, and from the background well WB-10 from 4,000
uS/cm to 5,600 uS/cm.

The small lenses of freshwater located within the central portion of the subject site may be due to
inducing fresh surface water from the Madre Vigja Creek and direct recharge from rainfall laterally
through the groundwater from mine dewatering operations. Figure 2 presents s cross section
showing equal concentrations of specific conductivity through the marina basin extending from the
coastlineinland to the east. The cross section depicts the location of the fresh water lenses, the area
of dightly saline water, moderately saline and very saline water. The cross section also shows the
approximate limits of the surficial aquifer throughout the subject site. The May 2007 report
prepared by JFA, as presented in Appendix D, includes the specific conductivity data from the
monitoring wells.

Chloride Concentration Mapping

Chloride concentrations were obtained near the top and bottom of each monitoring well, based upon
review of theinitial specific conductivity readings. Chloride concentrations were obtained during
the groundwater sampling event conducted on May 17 — 18 2007. Based on the results of the
chloride concentrations, very saline water was identified at the locations of WB-5, WB-1 and WB-2,
which are the nearest monitoring wellsto the coastline. These results are consistent with the specific
conductivity readings. The chloride concentrations ranged from 5,919 to 12,010 mg/l. At the
location of monitoring well WB-3, the chloride concentrations varied from dlightly saline near the
surface of the water table to moderately saline near the bottom of the well. The chlorides ranged
from 838 mg/l near the surface of the water table to 2,200 mg/l at a depth of 45 feet. Based on this
data, the saltwater/freshwater interface would extend to the land surface inland approximately 1,000
feet east of the shoreline.

Based on the chloride concentrations, a single lens of freshwater was detected at the locations of
monitoring well WB-4, WB-6, WB-7, and the upper portion of WB-8. Chloride concentrations
ranged from 26 mg/l to 169 mg/l at the sample locations. The depth of the freshwater lens extends
to approximately 60 feet, based upon the results of a grab sample collected at a depth of 70 feet
using the Geoprobe sampler at the location of WB-7. The result of the chloride analyses from the
Geoprobe sample was 4,669 mg/l, which would represent a moderately saline groundwater.

The results of the samples from WB-9 and the background well WB-10 detected moderately saline
to very saline concentrations of chlorides, also smilar to the specific conductivity readings. Chloride
concentrations from monitoring well WB-9 ranged from 3,884 mg/l near the surface of the water
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table to 4,403 mg/l, and from the background well WB-10 from 1,349 mg/l to 1,779 mg/l. Figure
3 presents a cross section of equal chloride concentrations through the marina basin extending from
the coastline inland to the east, and Figure 4 presents a map showing the chloride distribution at a
depth of ten (10) feet, which is above the proposed marina excavation depth. Table 2 presents a
summary of the chloride and TDS data collected during the May 17 — 18, 2007 groundwater
sampling event.

Total Dissolved Solids Mapping

TDS concentrations were also obtained during the sampling of the ten (10) monitoring wells. TDS
concentrations closely followed the specific conductivity and chloride concentrations. Based on the
results of the TDS concentrations, very saline water was identified at the locations of WB-5, WB-1
and WB-2, which are the nearest monitoring wells to the coastline. The TDS concentrations ranged
from 12,747 to 20,101 mg/l. At the location of monitoring well WB-3, the TDS concentrations
varied from slightly saline near the surface of the water table to moderately saline near the bottom
of thewell. The TDS ranged from 1,749 mg/l near the surface of the water table to 4,239 mg/| at
adepth of 45 feet. Based on this data, the saltwater/freshwater interface would extend to the land
surface inland approximately 1,000 feet east of the shoreline, similar to the chloride and specific
conductivity readings.

Similar to the specific conductivity readings, two (2) lenses of freshwater were identified from the
TDS concentrations. These two (2) lenses were identified based upon the TDS concentrations from
monitoring wells WB-4, WB-6, and the upper portion of WB-8. TDS ranged from 385 mg/| to 493
mg/| at the sample locations. Between the two (2) freshwater lenses, there appearsto be asmall area
defined as dlightly saline. Slightly saline water was identified at the location of monitoring well
WB-7. TDS ranged from 619 mg/I to 694 mg/| at the WB-7 location. According to the Geoprobe
sample collected at the location of WB-7 at a depth of 70 feet, the depth of the freshwater lens
extends to approximately 50 — 60 feet. The result of the TDS analyses from the Geoprobe sample
was 11,547 mg/l, which would represent avery saline groundwater.

The results of the samples from WB-9 and the background well WB-10 detected moderately saline
to very saline concentrations of TDS, also similar to the chlorides and specific conductivity readings.
TDS concentrations from monitoring well WB-9 ranged from 6,213 mg/l near the surface of the
water table to 16,138 mg/l, and from the background well WB-10 from 2,689 mg/I to 3,468 mg/I.

Figure 5 presents a cross section of equal TDS concentrations through the marina basin extending
from the coastline inland to the east.

Comparison With Previous Geophysical Study
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Along the western portion of the proposed marina basin area (toward the coastline), the results of
this project compares favorably with the results of the previous electrical resistivity profiling that
was conducted by JFA during 2005. The location of the freshwater/satwater interface at the
groundwater surface was comparable, and the slope of the interface was consistent near the
coastline. However, the 2005 study implied that a 60 — 80 foot thick freshwater zone extends
beyond the southern and eastern limits of the proposed marinabasin. Thisreport also indicated that
the saltwater layer dips abruptly downward near the eastern limit of the marina. 1t should be noted,
however, that the previous study was very limited in the collection of groundwater samples within
the upper limits of the proposed marina basin.

Based on the direct drilling and sampling conducted during this study, it appears that saline
groundwater has intruded into the upper surficial aquifer near the southern and eastern limits of the
proposed marina basin. The chloride, TDS, and specific conductivity readings from monitoring
wells WB-9 and WB-10 indicate that slightly to moderately saline groundwater is encountered at
the groundwater surface at these two (2) monitoring well locations. Monitoring well WB-10 was
installed as the background well. The results aso indicate that very saline groundwater is
encountered below a depth of 70 feet from monitoring well WB-9. The background well indicated
either dlightly or moderately saline groundwater through the entire depth interval, depending on
which parameter is used to define the limits of salinity. Fresh water was not encountered at either
of these monitoring well locations.

GROUNDWATER IMPACTS OF PROPOSED MARINA

The Discovery Bay inland marinais proposed to be excavated to a depth of approximately eight (8)
to 14 feet below MLW. Based on the results of the geotechnical borings, the bottom of the basin
would not extend to, or penetrate the top of the clay confining layers separating the surface sands
from the underlying basal units. The existence of the clay confining layers would retard and limit
the downward migration of saline water from the marina excavation into the underlying basal units.

In addition, due to the concrete and/or steel sheet pilings that are planned to encompass the western
siteof the marina, plus the higher hydraulic head in the surficial aquifer would limit the easterly
(inland) advancement of the saline water wedge to only within the footprint of the proposed inland
marina basin.

Based upon data presented in this study, very saline water has aready migrated inland from the coast
an approximate distance of 1,000 feet. Slightly and moderately saline water has also migrated
within the central portion of the site upgradient to at |least the location of background well WB-10.
Therefore, the upgradient limits of the proposed marina basin have already been impacted by saline
water intrusion. Based on various reports, the surficial sands within the area of the proposed marina
are frequently inundated with seawater during heavy storms. However, due to the high permeability
of the surficial sands, the saline water is flushed back into the sea by subsequent rainfall events,
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leaving aresidual groundwater quality that is slightly to very saline (chloride concentrations that
range from 250 mg/l to 16,000 mg/l). It isbelieved that the thin lens of freshwater located in the
central portion of the marina areais due to the temporary mine dewatering that is inducing surface
water flow from the Madre Vigja Creek as well as direct recharge from rainfall laterally into the
upper surficial aquifer within this portion of the site.

Based on the 2.5 percent density difference between saltwater and freshwater, if the seawater rises
to an elevation of 10.0 feet, the freshwater head required to overcome the saltwater would be 10.25
feet. At MSL, the freshwater head required to overcome the saltwater would be only 0.025 feet.
Under static conditions, the surficia aquifer water levels will range from 0.5 - 1.0 foot at or near the
coastline to greater than 6.0 feet above MSL along the south and eastern portions of the marina.
Therefore, the static head in the surficial aquifer is more than sufficient to overcome density
differential from the salt water within the proposed inland marina basin. Precipitation within the
groundwater basin, and infiltration from runoff from the Madre Vigja Creek and Rio Culebrinas
would provide the source of water for recharge into the surficial aquifer in the area adjacent to the
marina basin.

The results of the groundwater flow modeling that was conducted during 2005 indicated that an
average of 2.44 million gallons per day of water from the surficial aquifer would be discharged into
the proposed marina basin while maintaining the marina basin at MSL. The groundwater flow
model assumed that there would be no concrete and/or steel sheet pilings to create a barrier to
groundwater flow. In the areas where sheet pilings are included, the pilings would create a direct
hydraulic barrier preventing the lateral migration of salt water. In the areas where sheet pilings are
not used, the freshwater head in the surficial aquifer would create a positive flow of water from the
surficial aquifer into the marinabasin. Asindicated in Figure 6, since there would be a positive head
in the surficial aquifer, saline water intrusion would be limited to only the footprint of the proposed
marina basin and would not spread laterally away from the basin area, either with or without the

pilings.

However, there would be some slight degradation in water quality from the surficial sands directly
below the marina basin within the fresh water zone, located in the middle of the project area. The
construction of the proposed marina basin would extend the wedge of saline water inland only
within the lateral and inland limits of the proposed inland marina footprint. The concrete and/or
steel sheet pilings encompassing the marina, plus the higher hydraulic head in the adjacent surficia
aquifer would limit the easterly (inland) advancement of the saline water wedge to only within the
footprint of the proposed inland marina basin. Figure 6 shows a Hydrogeol ogic schematic showing
a cross section with the addition of the proposed marina. The expected lateral and vertical extent
of water quaity impacts are indicated on Figure 6 by comparing the locations of the before and after
salt water/freshwater interfaces within the surficial sands. The water quality impacts are identified
on Figure 6 as the potential interface transition zone.
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CONCLUSIONS

Based upon the data presented for review, the following conclusions regarding the installation of
the proposed inland marina can be made:

1). Thereisonly one aquifer within the proposed inland marina area - alocalized surficial aquifer
composed of surface sands.

2). The surficial aquifer extends to a depth of approximately 60 — 85 feet below land surface.
3). Thesurficial aquifer islocalized and is not utilized as awater supply source in the area.

4). The surficia aquifer contains very saline, moderately saline and dightly saline water, based
upon frequent inundation by ocean water during heavy storms.

5). Thesurficia aquifer is underlain by a series of confining layers, identified as astiff alluvial clay,
clays and sandy clays of the San Sebastian Formation, and cal careous clays of the Cibao Formation,
that separate the surficial aquifer from the underlying volcanic rock formations.

6). These clay layers would retard the downward and lateral migration of saline water from the
inland marina.

7). Based on the static water levels, the general direction of groundwater flow is toward the
northwest, discharging into AguadillaBay. Based on the average hydraulic gradient and hydraulic
conductivity, the estimated rate of groundwater flow toward the seais about 130 feet per year.

8). There appearsto be cone of depression in the vicinity of the existing sand mine. The cone of
depression is probably due to temporary mine dewatering. The cone of depression may be inducing
fresh surface water from the Madre Vigja Creek and direct recharge from precipitation laterally
through the surficial aquifer within the central portion of the site.

9). Saline water intrusion has been documented within the upper limits of the proposed marina
basin, and the aerial extent has been mapped within the entire study area.

10). Thereisasmall lens of fresh water extending through the middle of the proposed marinabasin.
The lens appears to be 50 — 60 feet in depth. Saline water has been identified both upgradient and
downgradient, aswell as verticaly, of the lens of fresh water.
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11). Due to the presence of the silt/clay confining units, and the existing saline water from the
surficial aguifer, the proposed inland marina would not significantly influence the downward
migration of saline water.

12). The concrete and/or steel sheet pilings encompassing the marina, plus the higher hydraulic head
in the adjacent surficial aquifer would limit the easterly (inland) advancement of the saline water
wedge to only within the footprint of the proposed inland marina basin.

13). There would be some slight degradation in the salinity from the surficial sandsin the vicinity
of the proposed inland marina. The degradation would be limited only to the immediate vicinity of
the proposed inland marina footprint, and would likely not extend beyond the limits of the proposed
inland marina.

QUALIFICATIONSAND LIMITATIONS

The opinions, results and conclusions presented represent our best judgement and understanding

of the conditions at the time and based upon the information made available during the course of the
assignment. These services have been performed in accordance with generally accepted standards
of performance of this level of assessment. The mgority of the information obtained was from
publicly available sources and other secondary sources of information produced by entities other
than HEA. Although great care has been taken by HEA in compiling and checking the information
contained in this report to ensure that it is current and accurate, HEA disclaims any and all liability
for any errors, omission or inaccuracies in such information and data, whether attributable to
inadvertence or otherwise, and for any consegquence arising therefrom. The data provided hereunder,
neither purports to be nor constitutes legal or medical advice. It isfurther understood that HEA or
any of its supporting entities makes no representations or warranties of any kind, including, but not
limited to, the warranties of fitness for a particular purpose of merchantability, nor any such
representations or warranties to be implied with respect to customer’s, its employees, clients’, or
customers' use thereof. HEA or any of its supporting entities shall not be liable for any special,
consequential or exemplary damages resulting, in whole or in part, from customer’ s use of the data
in thisreport. Liability on the part of HEA and its supporting entities is limited to the monetary
value paid for thisreport. Thereport isvalid only for the geographical parameters specified in this
report, and any alteration or deviation from this description will require a new report. This report
does not constitute alegal opinion.

We appreciate the opportunity to provide AHV with our Hydrologic Assessment of the Discovery
Bay Marina Development, and look forward to our continued assistance to you on this project.
Should you have questions or comments regarding our assessment and conclusions, please do not
hesitate to contact us at (813) 969-6995.
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Sincerely,

HYDRO-ENVIRONMENTAL ASSOCIATES, INC.

Kenneth C. Jones, P.G.
Principal

Attachments. References, Figures 1 through 6, Tables 1 and 2, Appendices A - D
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SUBSURFACE EXPLORATION LOG

ADVANCED SOIL ENGINEERING FILE NO. 1061
'P.D.BOX 1286 BORING NO, 2

[l ISABELA, P.R. 00B62 TEL & FAX: (787} 820 - 0368 PAGE 1 OF 3
CLIENT: DISCOVERY BAY RESORT & MARINA
PROJECT: DISCOVERY BAY RESORT & MARINA
LOCATION: AGUADA, PUERTO RICO
GROUND ELEVATION: DRILLER: M. RASUK
DATE STARTED: 06/05/07 LAB. TECH: E. RODRIGUEZ
DATE FINISH: 06/05/07 BORING TYPE: AUGER
GROQUND WATER DEPTH: B.0FT. BORING DIAMETER: 4"
Elg ¢ o g
= |8 W o < |© v
= | g E 2 |2 VISUAL - MANUAL DESCRIPTION 3 g W (%) Qu | Op ¥ d | LL
& b 3 S — o 20
o v [1+] %
I 55-1 2-3-4 7 Brown silty clay 38
r! 55-2 2-3-3 ] As above. 41 [1.1]1.0] 1100
5 88-3( 1-1-3 4 [, [Gray sand trace to some clayey siit 23
g4 3-2-2 4 |- |As above. 28
msss| 11| 2 . As above. 26
10 .
- S
___I 856 7-5-6 11 | |As above. 11 110.0 | 30
15 g
ss7| 3-7-11 | 18 | :|as above. 2
gl ssele-10-13] 2 © | as above. 22 115.0 | 32
25 = o
g sse| 7-9-12 | 2 -.|As sbove. 25
30 L
Jss0f 10-9-11 | 20 =l as avove. 23
35 4 . 1 continue
N = BLOWS DELIVEREDR PER FOOT BY A 130 LB. HAMMER FALLING 230 INCHES Y= ESTIMATED UNIT WEIGHT - P.C.F.
W = NATURAL MQISTURE CONTENT - % ¢ = ANGLE OF INTERNAL FRICTION - DEGRELS
Qu = UNCONFINED COMPRESSIVE STRENGTH - TS F. LL = LIQUID LIMIT
Qp = CALIBRATED PENETROMETER READING - T S F, PI = PLASTICITY INDEX
WH = WEIGHT OF HAMMER {* ) ELEVATIONS TAKEN FROM PLANS PREPARED BY DESIGNER

SYMBOL (SEE APPENDIX NO.4 FOR MORE DETAILS}

ADVANCED SOIL ENGINEERING  P.0O, BDX 1286 ISABELA, PR 00662 TELIFAX (787) 330-0366
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SUBSURFACE EXPLORATION LOG

ADVANCED SOIL ENGINEERING FILE NO. 1061
F.O. BOX 1286 BORING NO. 2
_ISABELA, P.R. 00662 TEL & FAX: (787} 830 - 038¢] PAGE 2 OF 3
T |CLIENT: DISCOVERY BAY RESQORT & MARINA
PRCOJECT: DISCOVERY BAY RESORT & MARINA
LOCATION: AGUADA, PUERTO RICO
GRQUND ELEVATION: DRILLER: M. RASUK
DATE STARTED: Q6/05/07 LLAB. TECH: E. RODRIGUEZ
DATE FINISH: 08!05/07 BORING TYPE: AUGER
GROUND WATER DEPTH: 6.0FT. BORING DIAMETER: 4"
— ; . ud
L [% =2 2 2 |2 "
I & ; g > | @ VISUAL « MANUAL DESCRIPTION 3 < |wnf Qu| ap v 6 | LL | PI
a 3 = [w] z )£- g [
["Y) v < -l ot v
Q & @ e
Gray sand trace o seme clayey silt
l $5-11 g9-5-8 13 As abova. Z6 110.0| 30
a0
I §8-12| 7-6-7 13 Yallgwish brown silty cluy trace sand 22
45 — -4+
glss-13| s-2-10 | 19 i A5 above. 21| 4840|1192
80
I $8.14| 6-10-12 | 22 i As abagve. 11
55 HH
l 55.15] 5§-5-9 14 EHH Gray silty ciay 32 | 30| z811124
80 H -
HH
I 55-16 6-5-8 11 As above 32 115.2
65 T tnana
5517 5-5-8 13 As above. 36 113.2
70 | continue

WH = WEIGHT OF HAMMER
SYMBOL (SEE APPENDIX NO.4 FOR MORE DETALLS)

N = BLOWS DELIVERED PCR FCOT BY A 140 LB. HAMMER FALLING 30 INCHES
W = NATURAL MOISTURE CONTENT - %
Gu = UNCONFINED COMPRESSIVE STRENGTH - T.5.F.
Qp = CALIBRATED PENETROMETER READING - TS F,

LL
Pl

v = ESTIMATED UNIT WEIGHT - P.C.F.
b = ANGLE OF !INTERNAL FRICTION - DEGREES

= LIOUID LT

= PLASTICITY INDEX

{ * JELEVATIONS TAKEN FROM PLANS PREPARED BY DESIGNER

ADVANCED SOIL ENGINEERING

P.GC. BOX 1286 ISABELA P.R 00062

TELFAX (787) 830-0366




SUBSURFACE EXPLORATION LOG

ADVANCED SOIL ENGINEERING FILE NO. 1061
P.O. BOX 1286 BORING NO. 4
W e ISARELA, P.R. 00662 TEL & FAX: (787) 830 -0366]| PAGE 1 OF 3
CLIENT: CORDECO NORTHWEST, CORP.
PROJECT: DISCOVERY BAY RESORT & MARINA
LOCATION: AGUADA, PUERTO RICO
GROUND ELEVATION: DRILLER: M. RASUK
DATE STARTED: 05/18/07 LAB. TECH: E. RODRIGUEZ
DATE FINISH: 05/18/07 BORING TYPE: AUGER
GROUND WATER DEPTH: 6.0 FT. BORING DIAMETER: 4"
— . - w
ElEl 2] 2 |28 o |
P % § % > g VISUAL - MANUAL DESCRIPTION bt % W (%) Qu ! Qp Y d LL | PI
2l 5| & |2 |F 23
G| = )
a b o .
l 5541 1-1-3 4 Brown silty clay trace to some sand trace 16
] organiic matter
I 55-2 5-5-3 8 As above. 54
5 I $8-3 |WH-WH-WH| WH Brown and gray silty clay trace organic 64 0.4
matter
l 55-4 |WH-WH-WH| WH As above. 69
l S5-5 |WH-WH-WH| WH As abave, organic matter (Peat) 297
10
I SS6( 8-12-16 | 28 F. - '|Gray sand trace clay 23 115.0 | 30
15
g ss7| 5-7-8 13 | .. |As above. 20 110.0
20 '
glsse| s-e-10 | 1| | As above. 22
25 :
I S5-9[14-12-16 | 28 As above. 23
30 —
Jisso 11-15-20| 35 .| As above. 24 120.0 | 32
35 g continue

WH = WEIGHT OF HAMMER

SYMBOL (SEE APPENDIX NO.4 FOR MORE DETAILS)

N =BLOWS DELIWERED PER FOOT BY A 140 LB. HAMMER FALLING 30 INCHES
W = NATURAL MOISTURE CONTENT - %
Q NCONFINED COMPRESSIVE STRENGTH - T.S.F.
Qp = CALIBRATED PENETROMETER READING - T.S.F

v = ESTIMATED UNIT WEIGHT - P.C.F.
{ = ANGLE OF INTERNAL FRICTION - DEGREES

LL = LIQUID LIMIT
Pl = PLASTICITY INDEX
( ") ELEVATIONS TAKEN FROM PLANS PREPARED BY DESIGNER

ADVANCED SOIL ENGINEERING

P.O. BOX 1286 ISABELA, P.R. 00662

TEL/FAX {787) 830-0366




SUBSURFACE EXPLORATION LOG

ADVANCED SOIL ENGINEERING FILE NO. 1061
P.0O. BOX 1286 BORING NO. 4

ISABELA, P.R. 00662 TEL & FAX: (787) 830-0366| PAGE 2 OF 3
CLIENT: CORDECO NORTHWEST, CORP.
PROJECT: DISCOVERY BAY RESORT & MARINA
LOCATION: AGUADA, PUERTQ RICO
GROUND ELEVATION: DRILLER: M. RASUK
DATE STARTED: 05/18/07 LAB. TECH: E. RODRIGUEZ
DATE FINISH: 05/18/07 BORING TYPE: AUGER
GROUND WATER DEPTH; 60FT. BORING DIAMETER: 4"
£ x| ¢ = 5| 4
= 3] w v < Q w 2
= T 2 > | g VISUAL - MANUAL DESCRIPTION S <|wes aulap | vy b | L | P
A g c |5 -
a ¢ & @ E | @
w)
. Gray sand frace clay
Jiss11| 12-17-21| 38 | |Asabove 25
40 |
giss2| 11011 | 20 " As above. 24
a5 = s
Jiss3| 7-8-11 | 19 © | As above. 25 110.0 | 32
50 -
Jss4| 6-8-7 15 |. | As above. 35
55 o
glss5| 357 | 12 P Black and gray silty clay trace organic matter 61 12
60
Jj| 55 16|WH-WH-wWH| wH As above. 66
65 |
J| 517 [WH-WH-WHY WH As above. 63 05| 97.5
70 continue
N = BLOWS DEULWERED PER FOOT BY A 140 LB. HAMMER FALLING 30 INCHES v = ESTIMATED UNIT WEIGHT - P.C.F.
W = NATURAL MOISTURE CONTENT - % d) = ANGLE OF INTERNAL FRICTION - DEGREES
{ JNCONFINED COMPRESSIVE STRENGTH - T.S.F. LL = LIQUID LInIT
Qp = CALIBRATED PENETROMETER READING - TS F Pl = PLASTICITY INDEX
WH = WEIGHT OF HAMMER {* )y ELEVATIONS TAKEN FROM PLANS PREPARED BY DESIGNER

SYMBOL {(SEE APPENDIX NO.4 FOR MORE DETAILS)

ADVANCED SOIL ENGINEERING  P.O. BOX 1286 ISABELA, P.R. 00662 TEL/FAX (787) 830-0366



SUBSURFACE EXPLORATION LOG

ADVANCED SOIL ENGINEERING FILE NO. 1061
P.O. BOX 1286 BORING NO. 4
4 ISABELA, P.R. 00662 TEL & FAX: (787} 830 - 0366| PAGE 3 OF 3
CLIENT: CORDECO NORTHWEST, CORP.
PROJECT: DISCOVERY BAY RESORT & MARINA
LOCATION: AGUADA, PUERTO RICO
GROUND ELEVATION: DRILLER: M. RASUK
DATE STARTED: 05/18/07 LAB. TECH: E. RODRIGUEZ
DATE FINISH: 05/18/07 BORING TYPE: AUGER
GROUND WATER DEPTH: 6.0FT. BORING DIAMETER: 4"
E E % f"_'i % = W
I Ej - @ ;( 8 8 2 £
=& F =z g VISUAL - MANUAL DESCRIPTION Q T |wWi)| Qul| ap ¥ $ | LL | P
n |3 2 ° = |5 i
53] <L = 4]
&) & © o
Black and gray silty clay trace organic matter
I 55-18 3-4-5 9 As above. 63
75 1
l 55-19 5-5-5 10 As above. 60 141103.8
80
I 55-20 5-4-5 9 As above. 38
85
I $5-21| 7-7-8 15 As above. 69 1.2
90 —]
I 55-22 6-6-8 14 As above. 66
95
I 55-23 7-8-7 15 As above. 26
100
END OF BORING
105

N = BLOWS DELIVERED PER FOOT BY A 140 LB. HAMMER FALLING 30 INCHES
W = NATURAL MOISTURE CONTENT - %

C INCONFINED COMPRESSIVE STRENGTH - T.S.F.

Qp = CALIBRATED PENETROMETER READING - T.5.F.

Y= ESTIMATED UNIT WEIGHT - P.C.F.

¢ = ANGLE OF INTERNAL FRICTION - DEGREES

LL = LIQUID LIMIT
Pl = PLASTICITY INDEX

WH = WEIGHT OF HAMMER { *) ELEVATIONS TAKEN FROM PLANS PREPARED BY DESIGNER

SYMBOL (SEE APPENDIX NG.4 FOR MORE DETAILS)

ADVANCED SOIL ENGINEERING  P.O. BOX 1286 ISABELA, P.R. 00662 TEL/FAX (787) 830-0366
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APPENDIX B

SUMMARY OF DISCOVERY BAY MARINA GROUNDWATER
FLOW ANALYSIS, BAHIA DE AGUADILLA, PUERTO RICO

JUNE 1, 2005



TECHNICAL MEMORANDUM
Date: June 1, 2005

To:  Mr. Mark Pirrello, P.E,,
Moffatt & Nichol Engineers, Inc.

From: Kenneth C. Jones, P.G.
(813) 969-6995, Fax: (813) 969-6988

Re:  Summary of Discovery Bay Marina Groundwater Flow Analysis
Bahia de Aguadilla, Puerto Rico

INTRODUCTION

Hydro-Environmental Associates, Inc. (HEA) was retained by Cordeco Northwest Corporation
(Cordeco) to conduct a groundwater flow analysis of a proposed inland marina at the above-
referenced site. This Technical Memorandum and accompanying attachments complete the
requirements of the Scope of Servicesfor the project.

Moffatt & Nichol Engineers, Inc. is currently implementing a study to evaluate the potential
development of the subject site as a residential complex that includes a 500-dlip inland marina.
The proposed marina will require the excavation of surface soils to an estimated depth of
approximately 15-feet below existing ground surface. The surface soils excavated are
anticipated to be used as fill material for the residentia development and proposed levees.
Portions of the subject site and proposed basin area are currently being used as an active sand
mine. The subject siteislocated on the northwest coast of the island of Puerto Rico.

In order for the marina to sustain a healthy aquatic environment, proper water circulation and
tidal flushing is required. Due to limitations in the shape of the property, the proposed marina
configuration may possibly limit the natural circulation and flushing of seawater. Based upon
site observations made during dewatering of the sand mine, it is apparent that a significant
component of marina water circulation may be obtained from groundwater flow discharging
from the shallow aquifer within the groundwater basin of the proposed marina. The Scope of
Service for this project included a preliminary evaluation of the possible ranges of flow within
the surficial aquifer based upon regional soil characteristics, followed by afield investigation to
determine the hydraulic conductivity of the surficial aguifer within the basin area, and
groundwater flow modeling to more accurately evaluate the rate and volume of groundwater
flow contribution to the proposed marina basin. The preliminary evaluation was previously



Mr. Mark Pirrello, P.E.
June 1, 2005

Page 2

addressed.

SITE GEOLOGY AND HYDROGEOLOGY

The subject site lies within the aluvia deposits immediately north of the Rio Culebrinas, west of
the Cordillera Jaicoa, and east of the Atlantic Ocean. The Rio Culebrinas flows in a general
westerly direction, bisecting the Cordillera Jaicoa, and discharging into the Atlantic Ocean. The
subject site is within the flood plain of the Rio Culebrinas. The Cordillera Jaicoa is incised by
the Rio Culebrinas, and becomes highly eroded along the south side of the incision. Geographic
features in the vicinity of the subject site consist of coastal beach deposits, alluvial sediment, and
karst uplands. This area is specifically detailed on the Geologic Map of the Aguadilla
Quadrangle.

The coastal beach deposits form an amost continuous north-south trending ridge between
Tamarindo on the north to Rincon on the south. This ridge is roughly sub-parallel to the coastal
shoreline and terminates approximately 400 feet inland from the coast. The subject site is
relatively flat at an average elevation of approximately 10 feet above mean sealevel (MSL).

The surficial aquifer in the area of the site is typically composed of stratified layers of aluvid
guartz sand and shell of quaternary age, with minor amounts of silt and clay. Based on our
review of on-site lithologic data, the surficial aquifer is estimated to be approximately 120 feet in
thickness.

Underlying the surficial aquifer isthe Aymamon Limestone. Based upon our review of available
geologic information in the area of the site, the Aymamon Limestone is typically composed of a
pale orange to white fossiliferous, permeable limestone. The Aymamon Limestone is of
Miocene age and directly underlies the aluvial sands. The Aymamon Limestone is
approximately 600 feet in thickness in the vicinity of the subject site. The Aymamon Limestone
is underlain by the Aguada Limestone, also of Miocene age. The Aguada Limestone consists of
ahard calcarenite alternating with chalky and rubbly limestone.

MODEL CONFIGURATION AND SETUP

The marina basin was simulated using the Modular Three-Dimensional Finite Difference
Groundwater Flow Model (MODFLOW ™) code, developed by McDonald and Harbaugh of the
U.S. Geological Survey. The finite-difference approach is block-centered, which means that all
data for a particular cell is located within the center of the cell. Layers may be simulated as
confined, unconfined, or convertible. Flow associated with external influences such as wells,
aerial recharge, evapotranspiration (ET), springs, drains, and rivers can also be simulated. The
solution technique is by the Conjugate Gradient Procedure. Version 2.0 of Groundwater Vistas
was used as a preprocessor to set up to the model and postprocessor to review and map the
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results.

A series of constant head cells were used to simulate the proposed marina basin. The constant
head cells in the proposed marina basin were modeled at an assumed elevation of mean sealevel,
which should represent average tidal conditions. To provide a conservative estimate of the
groundwater influence into the proposed marina basin, the model was conducted using steady-
state conditions, without the influence of precipitation or evapotranspiration.

The site, as modeled, consists of the proposed marina basin configuration as presented on the
Conceptual Master Plan, dated March 28, 2005, as prepared by EDSA, Inc., Ft. Lauderdale Fla.
Figure 1 presents the extent of the modeled area. The areas shaded in blue, shown on Figure 1,
represent the constant head cell ssmulating the area of the proposed marina basin. The model
was set up as a three layer hydrogeologic system, with the upper two layers representing the
surficial aquifer, and the third layer representing the underlying Aymamon Limestone Aquifer.
The surficial aquifer was divided into two layers to simulate the effects of the proposed marina
basin. The bottom elevation of layer one was set to an elevation of -12 feet below MSL, which
is the proposed bottom elevation of the marina basin.

Each model layer was discretized into 10,000 cells, 100-foot by 100-foot in size (100 rows by
100 columns). Constant head boundaries were used to define the Atlantic Ocean and the
Cordillera Jaicoa outcroppings. The model elevation of the constant head boundary representing
the Atlantic Ocean was assumed to be at MSL. The constant head boundary cells representing
the face of the Cordillera Jaicoa to the north of the Rio Culebrinas was estimated to at an
elevation of 15 feet above MSL, based upon a review of the Aguadilla USGS 7.5- minute
guadrangle map. For modeling purposes, the constant head boundaries representing the face of
Cordillera Jaicoa south of the Rio Culebrinas was varied linearly from a maximum of 15 feet to
zero feet NGV D, based upon the general topography of the area.

The MODFLOW river package was used to simulate the Rio Culebrinas. The upstream
elevation of the Rio Culebrinas was estimated to be 9.0 feet above MSL, based on review of the
Aguadilla USGS 7.5-minute quadrangle map. The upstream extent of the river was located at
the intersection of State Road 115. The downstream river elevation was assumed to be at MSL.
Figure 1 aso shows the model grid and boundaries. The areas shaded in blue represent the
constant head boundaries, and the areas shaded in green represent the river cell boundaries.

The top of the surficial aquifer for the purposes of this model simulation was conservatively
assumed to be flat at an assumed model elevation of 4 feet above MSL. The base of the surficia
aquifer was assumed to be at -100.0 feet MSL. The base of the marina basin, as discussed above,
was assumed to be at an elevation of -12 feet MSL.
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AQUIFER PARAMETERS

Hydraulic conductivity (permeability) values for the surficial aquifer were based field data
collected at the site by HEA representatives. In-situ hydraulic conductivity values were obtained
for the site by conducting single well aquifer recovery tests (slug tests) at six (6) existing
monitoring wells located at the subject site. The monitoring wells were spatially located within
the actual area of the proposed marina. The monitoring wells were installed by Advanced Soil
Engineering, Inc. of Isabella, P.R. These in-situ hydraulic conductivity values were required to
estimate groundwater flow volumes anticipated to discharge into the marina area.

Based upon information provided by the client, as well as measurements obtained in the field,
the monitoring wells were constructed using ten feet of two-inch diameter, schedule 40 PVC
machine slotted wellscreen (0.010-inch slot size), and solid two-inch diameter PV C riser pipe.
The monitoring wells were installed to depths ranging from 18.7 to 19.5 feet, below ground
surface using the hollow-stem auger method conducted in general accordance with ASTM
D1452-80 procedures.

The shallow monitoring wells were installed through the center of the hollow-stem augers and
positioned at the appropriate depths. The annular space outside the well screen was filled with a
natural formation sand to act as a filter pack around the slotted wellscreen portions of the well.
A bentonite seal was placed above the filter pack. The remaining annular space was grouted
with a cement slurry to the approximate ground surface.

Static water level depths ranged from approximately 1.89 feet, bgs in monitoring well P-1 to as
much as 7.10 feet, bgs in monitoring well P-5. Monitoring well P-1 was located in the northern
portion of the site near the coast, and monitoring well P-5 was located in the higher elevations of
the southern portion of the site. As shown on Table 1, the saturated lengths of the wells ranged
from 11.1 to 16.8 feet.

The hydraulic conductivity values were calculated from the slug tests based on the assumptions
and well geometry presented by Bouwer and Rice (1976). The slug tests were performed by
inserting a solid PV C and cement filled cylinder with a volume equivalent to an approximate 4.5-
foot change in water level in a two-inch diameter monitoring well (1.92-inches in diameter by
4.84 feet in length). When the water level had returned to equilibrium, the cylinder was quickly
removed and the water levels were allowed to return to equilibrium.

Both recovery and drawdown data were obtained using an electronic water level datalogger,
manufactured by Solinst Canada Ltd, Georgetown, Ontario, Canada. The datalogger used for the
slug test was the Model 3001 Levelogger®. The Model 3001 Levelogger® is approximately
7/8-inches in diameter and 4.9 inches in length with an accuracy of 0.1%. Prior to conducting
the slug test, the Levelogger® was lowered to the bottom of the well and measurements were
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made to ensure that the depth to groundwater had stabilized and reached equilibrium before
conducting the slug test. During each of the tests, the water level datalogger recorded the depth
to water to the nearest 0.01 foot at a linear measurement frequency of one reading per second.
This method of collecting both drawdown and recovery data was performed since it typically
provides a more accurate and reliable value of in-situ permeability.

The single well aquifer slug tests were performed on April 21, 2005 by Mr. Kenneth C. Jones,
P.G., of HEA. The data collected from the slug tests were used to calculate horizontal hydraulic
conductivity values in the surficial aquifer at the site. The results of these slug tests are included
in Appendix A and are summarized on the enclosed Table 1. A total of 12 in-situ hydraulic
conductivity tests were performed at the site, including six slug-in tests and six slug-out tests.
However, two of the recovery tests for monitoring wells P-5 and P-6 were not analyzed due to
disturbance of the Levelogger® during the removal of the slug from the well.

The hydraulic conductivity values derived from the on the in-situ slug tests conducted on the six
monitoring wells ranged from approximately 26 to 62 feet per day (ft/d) and averaged
approximately 45 ft/d. This average hydraulic conductivity value appears to be representative
for the soils comprising the surficial aquifer at the site and was used in the groundwater flow
model of the site to estimate groundwater discharge into the marina basin. The average
hydraulic conductivity values for both the drawdown and recovery tests were essentially the
same and therefore, the average value of 45 ft/d within the surficial aquifer appears reasonable.
Some variability of hydraulic conductivity values between the monitoring well locations
suggests some heterogeneity within the surficial aquifer at the site. The heterogeneity would be
expected in the alluvial deposits comprising the surficial aquifer.

It should be noted that due to the remote nature of the site, the monitoring wells could not be
developed prior to conducting the hydraulic conductivity tests and some fine sediment was noted
at the bottom of the wells. It is felt that the fine sediment may have biased the test results
somewhat, and that the actual value of hydraulic conductivity may be dightly higher than the
values reported. Therefore, the average hydraulic conductivity value of 45 ft/d used in the
groundwater flow model is likely conservative. However, the values for hydraulic conductivity
should be viewed as an approximation since the slug tests provide hydraulic conductivity values
for the materials immediately adjacent to the tested well screen.

The hydraulic conductivity of the Aymamon Limestone used in the model was 100 ft/d, which is
typical for alimestone aquifer.

RESULTS
The results of this simulation indicate that the average rate of total groundwater inflow into the

proposed marina basin is approximately 2.44 million gallons per day (MGD), while maintaining
the water level in the marina basin at mean sealevel. Based upon a meeting with representatives



Mr. Mark Pirrello, P.E.
June 1, 2005
Page 6

of Moffatt & Nichol Engineers, Inc. on May 12, 2005, the marina basin was divided into 20
separate zones. The groundwater flow contribution into the marina basin was calculated from
each of the cells from within these 20 zones. The groundwater flow contribution from the 20
zones were to be used as input into the overall circulation analysis of the marina basin. Based
upon review of the data, approximately 22 percent of the groundwater flow is in a lateral
direction from the vicinity of the Rio Culebrinas, approximately 36 percent of the flow isin a
lateral direction from the north originating from the Cordillera Jaicoa, approximately 9 percent of
the flow is lateral from the south, and approximately 33 percent represents upward groundwater
flow from the base of the surficial aquifer. Figure 2 shows the water level contours generated at
the end of the simulation.
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APPENDIX C

RESULTS FROM GEOPHYSICAL ELECTRICAL RESISTIVITY
PROFILING AND SUBSURFACE SAMPLING AND TESTING
WORK, GROUNDWATER INVESTIGATION, PROPOSED
DISCOVERY BAY MARINA SITE, ESPINAR WARD, AGUADA, PR

DECEMBER 20, 2005



See EIS Appendix F -1

Ground Water Investigation December 20, 2005



APPENDIX D

SAUMMARY OF RESULTS FROM ADDITIONAL FIELD
WORK ON SUBSURFACE SAMPLING, GROUNDWATER AND
TESTING WORK, GROUNDWATER INVESTIGATION,
PROPOSED DISCOVERY BAY MARINA SITE, ESPINAR
WARD, AGUADA, PR

JUNE 5, 2007



‘] FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

TECHNICAL LETTER REPORT
June 6, 2007

To: Ing. Antonio Hernandez Virella
AHV & Associates
Box 1480, Espinar Ward
Aguada, PR 00602

From: Geol. Jaime Feliciano

Re: Summary of Results from Additional Field Work on Subsurface Sampling,
Groundwater and Testing Work, Groundwater Investigation, Proposed Discovery
Bay Marina Site, Espinar Ward, Aguada, PR

| ntr oduction

As per the request of Ing. Antonio Herndndez Virella of AHV & Associates, JFA
Geological & Environmental Scientists, P.S.C. (JFA) has conducted additional field
activities that included subsurface soil sampling, monitoring well installation and
groundwater sampling and testing work at the site of the above-referenced project.

The study was conducted with the primary objective of providing additional field
hydrogeologic data to Mr. Kenneth Jones of HYDRO-ENVIRONMENTAL
ASSOCIATES from Tampa, Fla., consultants for the proposed project. Preliminary
designs indicate that the marina will involve the excavation of surficial soils to a depth of
15 ft. below ground surface (bgs), encompassing an area of approximately 60 acres. The
objective of the investigation was to enhance/complement a previous study on saltwater
intrusion conditions at the site performed by JFA on December of 2005.

JFA Geologica and Environmental Scientists, P.S.C.
« Phone (787) 882-3762 « Fax (787) 882-5456




Summary of Field Activitiesfor Groundwater Investigation
Proposed Discovery Bay Marina Site, Aguada, PR,
6/6/2007

Generalized Geologic and Hydr ogeologic Setting

The geology of the study area has been generally described on the Geologic Map of the
Aguadilla Quadrangle by W.H. Monroe, U.S.G. S,, 1969 (Figure 1, Appendix 1.0). This
coastal and flood plain area is primarily underlain by Recent (Quaternary) Age,
unconsolidated alluvial sediments (Qa) consisting of clayey sand and sandy clay,
containing scattered pebbles and cobbles of volcanic rocks. Coeval swamp deposits
consisting of sandy organic muck and peat have been mapped on the northernmost area
of the site, overlying the aluvia sediments. Closer to the coastline, the surficial geology
is comprised of recent beach deposits, consisting of cross bedded quartz sand and shell
fragments.

According to the map, the unconsolidated aluvial sediments would overlie Tertiary Age,
Carbonate platform strata of the Cibao Formation at the project site. This formation
consists of thick layers of calcarenite, chalky limestone and calcareous clay layers within
average thickness of approximately 200-250 meters. Deposits from the basal San
Sebastian Formation could also lie underneath the alluvia deposits.

Lithologic descriptions of the above-described aluvia sediments confirming the geologic
setting at the site have also been conducted at the site. The studies have been performed
by means of subsurface geotechnical borings and the corresponding reports conducted by
Advanced Soil Engineering and by Foundation Engineering, Co. on February of 2002 and
June 1998, respectively.

Hydrogeologic data from the study area are limited to a regional generalized assessment
by the U.S.G.S. on the hydrogeology of northwestern Puerto Rico (T.D. Veve and B.E.
Taggart, U.S.G.S. 1996). More recently, in June of 2005, Moffatt and Nichol, Engineers
(MNE), have conducted a groundwater flow analysis at the proposed project area. Their
evaluation was based on available regional soil characteristics, and field measurements of
hydraulic conductivity in the surficial aquifer underlying the site.

According to their reports, two main hydrogeologic units underlie the site. The first
aquifer consists of an upper unconfined aquifer composed of stratified unconsolidated
alluvial sediments with an assigned thickness of 120 ft bgs. This aquifer is in turn
underlain by alimestone formation aquifer of Tertiary Age with an assigned thickness of
600 ft.

MNE has detected groundwater levels in wells varying from 1.89 ft bgs in a well on the
northern (coastal) portion of the site, to about 7.10 ft near the southern limit of the
proposed project. They have also estimated an average hydraulic conductivity in the
surficial aquifer of 45 ft/day, based on hydraulic slug tests performed in the monitoring
wells. Based on the above information, MNE has modeled the hydrogeology at the site to
simulate the groundwater flow contribution into the proposed marina excavation. Their
results indicate that the average rate of total groundwater inflow into the proposed marina

JFA Geologica and Environmenta Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456



Summary of Field Activitiesfor Groundwater Investigation
Proposed Discovery Bay Marina Site, Aguada, PR,
6/6/2007

basin will average 2.44 million gallons per day (MGD). Approximately 33% of this total
inflow will be generated from the base of the surficial aquifer. Groundwater flow
directions generated from the analysis suggest a general north-northeast trend across the
aluvial valley, towards the mouth of the Madre Vieja Creek.

The previous water level measurements obtained by JFA on 2005, indicated that
groundwater was encountered at the borings drilled at depths varying between 1.23 and
3.5 ft. bgs. Additiona measurements obtained from monitoring wells near the coastal
area indicate a general groundwater flow of the surficial aquifer in a north-northeast
direction and very low hydraulic gradients. No water level measurements had been
obtained form areas to the south of the proposed marina basin.

Field M ethodology

The additional field work for the groundwater investigation at the site has been conducted
by integrating lithological data and groundwater levels and conductivity measurements.
The goal was to establish a hydrogeologic profile within the area extending near the
coastline and through the proposed excavation for the marina. The resulting “best fit”
profile would essentially trend roughly north, northwest-southeast, perpendicular to the
existing coastline (Figure 2).

The test hole and monitoring well data were obtained in accessible areas along the
proposed profile. Drilling and sampling comprised 5 additional subsoil test holes that
were advanced to depths between 50-153 ft., and the installation of four 1.5-inch and one
2-inch, fully-screened monitoring wells with depths varying between 43.08 and 151.00
feet below ground surface. Two locations were selected for the collection of additional
grab groundwater samples at pre-determined depths by means of the Geoprobe
Screenpoint 16 Groundwater Sampling System.

Drilling and groundwater testing activities were performed during the period of April 11
to May 18, 2007. JFA performed drilling and monitoring well installation at locations
WB-6, WB-7R and WB-8 (50-feet depth wells). Advance Soils Engineers performed
subsurface soil sampling and groundwater well installation of wells WB-9 and WB-10
(150-feet depth wells).

Groundwater testing included the collection of groundwater levels and temperature and
conductivity readings in units of ps/‘cm with a Solinst Model 107TCL. In addition, a
groundwater sampling event was conducted on May 18, 2007 to analyze samples for total
dissolved solids (TDS), chloride and sulfates (Methods SM 2540 C, SM 4500 Cl E, and
ASTM D 516-90,02, respectively).

JFA Geologica and Environmenta Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456



Summary of Field Activitiesfor Groundwater Investigation
Proposed Discovery Bay Marina Site, Aguada, PR,
6/6/2007

Subsoil Sampling and Groundwater Monitoring Well I nstallation

A total of five (5) additional, fully-screened groundwater monitoring wells were installed
in the study area for the collection of subsoil data and groundwater temperature and
conductivity measurements. The locations of test holes and monitoring wells (WB-6
through WB-10) are shown in Figure 2. Available subsoil descriptions from previous
geotechnical and hydrogeological studies at the site have indicated generally uniform
stratigraphic conditions dominated by sand deposits and a very shallow (2-5 ft.) water
table.

The subsoil sampling and groundwater monitoring well installations were performed by
means of Geoprobe® 6610-DT direct push soil-probing rig as well as by means of the
Hollow Stem Auger Standard Penetration Test. Samples were collected with the
Geoprobe® macro-core sampler and the split spoon sampler at pre-selected depths or as
dictated by geologic conditions.

In general, the subsoil sampling confirms the above-described geologic setting and
revealed the presence of the following geologic layered sequence (Alluvial Deposits) in
the area of the borings:

0-0.2 ft. - Thin layer of top soil, consisting of medium to stiff sandy clay, with
little roots and wood fragments, dark brown, dark yellowish brown.

0.2-10.0 ft. - Stiff to very stiff sandy clay and/or clay, yellowish brown, dark
brown.

10.0-40.0 ft. - Loose, light yellowish brown, fine to medium sand (grades with
depth into coarse sand), trace fine gravel.

40.0-50.0 - Dense to medium dense, coarse to medium sand, little shell fragments,
dark gray, olive gray with atrace of organic odor.

Well WB-9:

0-50.0 ft. - Asabove (aluvia deposits).

107.0 - 150.0 - Stiff to very stiff sandy clay, alternated with medium stiff clay and
clayey sand, little subangular to subrounded fine gravel, olive brown. (Assigned
to deposits of the San Sebastian Formation).

Well WB-10:

0-38.0 ft. - Asabove (aluvia deposits).

38.0 - 150.0 ft. - Alternated chalky, sandy and fossiliferous limestone surrounded
by calcareous clay matrix. This is part of the Cibao Formation underlying the
Alluvial deposits described above.

JFA Geologica and Environmenta Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456



Summary of Field Activitiesfor Groundwater Investigation
Proposed Discovery Bay Marina Site, Aguada, PR,
6/6/2007

A generalized geologic cross-section from the site and based on the results of the subsoil
description is presented on Figure 3.

Monitoring wells were installed by means of the DT32 (dual-tube) system and hollow
stem auger method. Monitoring locations WB-6, WB-8, WB-9, and WB-10 were
constructed as fully-screened wells to the attained depths and were constructed of a 1.5-
inch, schedule 40 PVC material. A 2.5 section of PVC riser pipe was installed at the top
of each well. Well WB-7R was constructed of 2-inch, schedule 40 PVC material. The
wells were surface-finished with a steel protective cover and a cement-bentonite apron.
Complete subsoil and well construction logs are presented in Appendix 2.0.

Groundwater Levels

Groundwater was encountered at the borings drilled at depths varying between 15 and 20
ft. bgs. Additional measurements obtained from the top of the casings of monitoring
wells and latter converted into GW elevations above MSL. A summary of groundwater
levels and elevationsis presented in Table 1.0.

Conductivity M easur ements

The results of the groundwater conductivity measurements collected on May 16-17 2007
are presented in the well logs in Appendix 3.0. All wells were developed with
submersible pumps and/or air surging prior to performing the collection of
measurements. The wells were left to stabilize for a minimum of 24 hours following
devel opment.

Conductivity and temperature measurements were obtained with an electronic water
level, temperature and conductivity meter (Model 107 TLC) from Solinst. The instrument
was properly calibrated prior to its use with buffer solutions provided by the
manufacturer. A summary of all conductivity and temperature readings obtained prior to
development and sampling are provided on the boring logs and tables in Appendix 3.0.
Measurements include the first data logging after well installation and flushing with
potable water as well as the measurements following air surging (pressurized air through
atremie pipe) and or pumping during development, prior to sampling.

Groundwater Sampling

As indicated above, a groundwater sampling event was conducted on May 18, 2007 to
analyze samples for total dissolved solids (TDS), chloride and sulfates (Methods SM
2540 C, SM 4500 Cl E, and ASTM D 516-90,02, respectively). Samples were collected
at 1.5-inch wells using a bladder pump, while samples from the 2.0-inch wells were
collected by means of an electrical submersible pump.

JFA Geologica and Environmenta Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456



Summary of Field Activitiesfor Groundwater Investigation
Proposed Discovery Bay Marina Site, Aguada, PR,
6/6/2007

Samples were obtained at various depths as shown in the following table. Note that
conductivity measurements were obtained with the Horiba U10 Water Quality Checker.

Sample Depth (ft.) Time Cond. (ms/cm)
WB-1A 10.0 1400 17.7
WB-1B 35.0 1405 45.5
WB-2A 10.0 1325 21.1
WB-2B 45.0 1330 27.8
WB-3A 15.0 1305 114
WB-3B 45.0 1310 35.5
WB-4A 10.0 1250 0.763
WB-4B 35.0 1255 0.746
WB-5A 15.0 1345 20.2
WB-5B 40.0 1350 33.0
WB-6A 13.0 1240 0.883
WB-6B 48.0 1335 0.98
WB-7A 15.0 1226 1.32
WB-7B 40.0 1235 1.22
WB-8A 15.0 1125 0.783
WB-8B 50.0 1150 6.13
WB-9A 20.0 1435 25.7
WB-9B 78.0 1525 25.9
WB-9C 102.0 1600 259
WB-10A 5.0 0905 4.38
WB-10B 75.0 0945 5.63
WB-10C 145.0 1025 5.60

Notes:
Analysis. TDS, Chloride, Sulfates
Sample Collection: JFA

An additional grab groundwater sample was collected at 70.0 ft. bgs at location GSW-4.
An attempt was made to collect an additional grab groundwater sample at location GWS-
3. However, the presence of a thick layer of organic and impermeable clay yielded no
groundwater at the target depth. Field sampling logs and groundwater parameters as well
as chain of custody documentation are presented in Appendix 4.0. Certified laboratory
results are included in Appendix 5.0.

JFA Geologica and Environmenta Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456



Groundwater Investigation
Proposed Discovery Bay Marina Site, Aguada, PR,
6/7/2007

APPENDIX 1.0 Figuresand Tables
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Site L ocation

/

Scale 1:20,000

Figure 1. Geologic map of the proposed study area. (Adapted from the USGS

Aguadilla Geologic Map, 1962).




Figure 2. L ocations of Additional Subsoil and Monitoring Wells.
@ WellsWB-6, WB-7 and WB-8 to depths of 50 ft, and wells WB-9 and WB-10 of 150 ft.

O Existing Monitoring Wells.
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Table 1.0

x(Easting) y(Northing) z(GSElevft) z(PVCElevft) GW Levd ft.(topof PVC) Weél/BoringID
75264.034  64346.488 2.214 5.753 5.54 BW-1
75307.395  64286.785 4.067 7.213 6.84 BW-2
75345.304  64200.250 2.873 5.940 5.86 BW-3
75417.247  64080.354 3.615 5.865 7.12 BW-4
75355.321  64375.048 2.244 6.386 5.97 BW-5
75741913  64217.546 6.383 9.043 8.40 WB-6
75548.941 63922.438 2.860 6.429 11.97 WB-7,R
75900.679  63892.844 8.062 10.699 7.53 WB-8
75481.677 63571.360 11.349 15.386 15.40 WB-9
75843.029  63332.076 10.027 9.814 3.75 WB-10
75661.150 63836.384 GWS-1
75783.600 63684.850 GWS-2
75786.350  63358.052 10.024 GWS-3
75550.315  63921.814 2.772 GWS-4

2005 Study Data

2007 Study Data

GS- Ground Surface
GW- Ground Water

PVC- top of PVC case




Groundwater Investigation
Proposed Discovery Bay Marina Site, Aguada, PR,
6/7/2007

APPENDI X 2.0 Subsoil and Well Construction Logs
with Conductivity and Temperature M easurements
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JFA Geological & Environmental Scientists

FIELD BOREHOLE LOG

BOREHOLE NUMBER

WB-1

PROJECT NUMBER: 291-05

CLIENT: Cordeco Northwest Corp.
PROJECT NAME: Groundwater Investigation Discovery Bay Marina

BOREHOLE/WELL DIAM.: 35" /2.0"
TOTAL DEPTH (ft.): 47.5'

GROUND SURFACE ELEVATION:0.675 mts.

LOCATION: Aguada, PR
DRILLING CO: i i ienti -
JFA Geological & Environmental SCIentistS g T = WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: DT-32 Geopraobe
_ oop Depth (ft 5.40
FOREMAN: D. Gonzalez -
] ) Time 1105
GEOLOGIST: G. Garcia Dt 511612007
ate
DATE BEGUN: 11/29/05 DATE COMPLETED: 11/29/05
a ] o —
< e — L
> % [T} > <\E) L o Z |
—~ o = om L @ %) o > > ] wn
£ |E| W 2 | W 2le| g ol 2 | 2
Tz 2| 2|53 SOIL/ROCK DESCRIPTION z|2| 321838
N TV w = | O 2| 2] 9 [E|l=22 |3
w | = | o | c | g I < = | =
a o - o S o =) = = s n | W
= Q = -g ) — @ Z ;
< <§( < S |+ o) =
(%)) 5 9] (@] L
0.0 B |1 NR | Norecovery. e 80 'Z Z'
50 LB 2 NR Norecovery_ ANy a:f
..... Z ||
10.0 _I LB 3 M/W | 10/24 | | oose, coarse to medium sand, poorly sorted, little very fine clayey sand lenses, ':’:’: g
| Z trace gravel, olive gray, moist to wet. ... _;
. SO HI:
' —I LB 4 W 10/24 | Asabove, some gravel, no clay. Changes to a soft very fine sandy clay, with 7SN g
] Z alternated clayey sand lenses, little to some organic, very dark gray, moist to wet. e |
20.0 —I LB 5 w 18/24 L_oo\;):to medium dense, fine to very fine sand, light olive and pale yellow, moist T E
250 e | W | 17724 | Asabove, wet : :
30.0 —I B |7 W | 17/24 [ Asabove wet | l
350 —I LB 8 W 9/24 Asabove, olive gray, wet. —:_Z—
40.0 —I LB 9 W 24/24 | Medium dense, fine to very fine sand, some silt to silty, olive gray. Bottom 4" _;
e dlayey. 7t
450 Z:::]4
77/ B 10 W 24/24 | Dense, fineto very finesilty sand, dark olive gray, little shells and shell yeesdE
% fragments, wet. s o
Key: *NOTE: Conductivity & Temperature Measured Same DATE
< Water Level During Drilling SS-Split Spoon Sample M-Moist D-Dry ND-Non Detected
. ) ) ——Conductivity
= Static Water Level RC-Rock Core Sample SM-Slightly Moist W-Wet  ___Temperature




JFA Geological & Environmental Scientists | FIELD BOREHOLE LOG

BOREHOLE NUMBER

WB-2

PROJECT NUMBER:
PROJECT NAME:

291-05

CLIENT: Cordeco Northwest Corp.
Groundwater Investigation Discovery Bay Marina

BOREHOLE/WELL DIAM.: 3.5" /2.0"
TOTAL DEPTH (ft.): 47.5
GROUND SURFACE ELEVATION:1.24 mts.

LOCATION: Aguada, PR
DRILLING CO: i i i i -
JFA Geological & Environmental SCIentistS g T = WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: -
DT-32 Geoprobe Depth (ff) 6.90
FOREMAN: D. Gonzélez -
) Time 1200
GEOLOGIST: G. Garcia Dt £/16/2007
ate
DATE BEGUN: 12/1/05 DATE COMPLETED: 12/1/05
| ) —
L
< % & § | o Z | e
~ || = M L > ale | > | O | wn
SIE|g|3|5]¢ Sle| 8|2 a5 |2
E Z 3 z U) 8 SOIL/ROCK DESCRIPTION 2 % | o w4 8
w | = | o | c | g I < = | =
a o - o S o =) = = s n | W
= Q = -g ) — @ Z ;
< = < S | O -
n % n o w
N AR SM [ 24/24 - - - - s e 7e7e7e
Top soil (aprox. 2"). Soft to medium sandy Clay, little roots and wood fragments, 4 -? ?-
—_I trace odor, yellowish brown, dark gray, slight moist. Z é é
SOwlzd 1B |2 MW | 24124 - 3
Soft clay, trace very fine sandy clay, and some clayey sand, trace roots, gray,
!__I dark yellowish brown, moist to wet. s Lt
0097418 |3 W | 2424 [ - i el
Fine to medium, loose sand, trace clayey sand and fine gravel, grades downward o o o £
—_I into coarse sand, dark gray, wet. Tt "E
N ol _g
150 —I LB 4 W 20/24 | Asabove, trace fine clayey sand lenses, wet. .:.;t =
200 —I LB 5 W 6/24 Fine, loose sand, trace to little organic, light olive gray, wet. /I\ E
250 —I LB 6 M/W | 17/24 | Asabove, little to some organic, wet. _E E
300 —I LB 7 w 15/24 C\V:\bove, aternated light olive gray and very pale yellow to white, trace odor, =
350 —I LB 8 M/W | 17/24 | Asabove, moist to wet.
1 I E
00 s | MW | 24724 - i 7 2
Compact, dense to medium Sand, trace to little clay, trace shells and shells ceeeel =
—_I fragments, dark gray, moist to wet. s ff
45.0 77/ LB 10 W 19/24 | Compact, fineto very fine Sand, some shells and shell fragments, trace fine DRSS I
) gravel, wet. e eeed ¥

Key:

< Water Level During Drilling

w Static Water Level

*NOTE: Conductivity & Temperature Measured Same DATE
SS-Split Spoon Sample M-Moist D-Dry

RC-Rock Core Sample SM-Slightly Moist  W-Wet

ND-Non Detected
— Conductivity
——Temperature




. . . . BOREHOLE NUMBER
JFA Geological & Environmental Scientists WELL LOG WB-3
PROJECT NUMBER: 291-05 CLIENT: Cordeco Northwest Corp. BOREHOLE/WELL DIAM.: 3.5"/2.0"
PROJECT NAME: Groundwater Investigation Discovery Bay Marina TOTAL DEPTH (ft.): 47.5
LOCATION: Aguada, PR GROUND SURFACE ELEVATION:0.876 mts.
DRILLING CO: JFA Geological & Environmental ScientisStS g7, 1= WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: DT-32 Geoprobe
oop Depth (i) 5.90
FOREMAN: D. Gonzalez -
Time 1220
GEOLOGIST: G. Garcia D
ate
DATE BEGUN: 11/30/05 DATE COMPLETED: 11/30/05 5/16/2007
Bl oz |
~ > > ©) (|7)
E ] i z
T Temperature (°F) Conductivity (uS/cm) 9 % m 3 8
E ©) = 3:] 4
L L < iy 1
fa) E = n | W
O
LL
00 @50 26.3 275 28.8 30.0[500.0 18666.7 36833.3 55000.0 Z‘
40 - :
4 >
80 — /
12.0
16.0 —
20.0 .
24.0 i
28.0
32.0
36.0
40.0 —
44.0 —
Key: *NOTE: Conductivity & Temperature Measured Same DATE

< Water Level During Drilling SS-Split Spoon Sample LB- Large Bore Sampler
w Static Water Level RC-Rock Core Sample MC-Macro Core Sample

D-Dry M-Moist  ND-Non Detected
SM-Slightly Moist  W-Wet




. . . . BOREHOLE NUMBER
JFA Geological & Environmental Scientists WELL LOG WB-4
PROJECT NUMBER: 291-05 CLIENT: Cordeco Northwest Corp. BOREHOLE/WELL DIAM.: 3.5"/2.0"
PROJECT NAME: Groundwater Investigation Discovery Bay Marina TOTAL DEPTH (ft.): 47.5
LOCATION: Aguada, PR GROUND SURFACE ELEVATION:1.102 mts.
DRILLING CO: JFA Geological & Environmental ScientisStS g7, 1= WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: DT-32 Geoprobe
oop Depth (i) 713
FOREMAN: D. Gonzalez -
Time 1240
GEOLOGIST: G. Garcia D
ate
DATE BEGUN: 11/30/05 DATE COMPLETED: 11/30/05 5/16/2007
Bl oz |
~ > > ©) (|7)
E ] i z
T Temperature (°F) Conductivity (uS/cm) 9 % m 3 8
E o = 3:] 4
L L < iy 1
fa) E = n | W
-4 | z | =
O
LL
00 @50 263 275 2838 30.4[500.0 666.7 833.3 1000.0 Z‘
40 - :
8.0 X
12.0
16.0 —
20.0 .
24.0 i
28.0
32.0
36.0
40.0 —
44.0 —
Key: *NOTE: Conductivity & Temperature Measured Same DATE

< Water Level During Drilling SS-Split Spoon Sample LB- Large Bore Sampler
w Static Water Level RC-Rock Core Sample MC-Macro Core Sample

D-Dry M-Moist  ND-Non Detected
SM-Slightly Moist  W-Wet




JFA Geological & Environmental Scientists

FIELD BOREHOLE LOG

BOREHOLE NUMBER

WB-5

PROJECT NUMBER: 291-05
PROJECT NAME:

CLIENT: Cordeco Northwest Corp.
Groundwater Investigation Discovery Bay Marina

BOREHOLE/WELL DIAM.: 3.5" /2.0"
TOTAL DEPTH (ft.): 47.5

GROUND SURFACE ELEVATION:0.684 mts.

LOCATION: Aguada, PR
DRILLING CO: i i i i -
JFA Geological & Environmental SCIentistS g T = WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: DT-32 Geoprobe Depth (ft) 6.06
FOREMAN: D. Gonzélez Time 1'140
GEOLOGIST: G. Garcia
*Date 5/16/2007
DATE BEGUN: 12/2/05 DATE COMPLETED: 12/2/05
- o) —
S Q| & E o AR
~ |2 | E o w | = R > | > ol|l5
: w o @ N N “ O
Elg|¥| 3|5y le| 38 |z| 3k | &
I Z = P = 8 SOIL/ROCK DESCRIPTION 2| 2 | O w4 O
S T W 210 S|&| o0 |l 22|32
b || 2 — o w o |3 I |< Ii: |
Wla| o a = @ 5|2 B |s n | L
s| | s 5| 3 zZ |2
| = < 5| ° S =
n % n S) g
00 s |1 SM [ 0/24 s S D77 -
NoR . AW IE
_I 0 Recovery - ==; -Z Z-
5.0 !il LB 2 W 3/24 E?(f)\t’\,lr\:iiy;g;md.yday,Iittlerootsandorganicmatefial,tracefiHEQravel,dark D, g
0097418 |3 w | 11/24 ; - - ]
Loose, coarse to medium sand, little soft sandy clay lenses, trace to little LU -
—_I subrounded gravel, dark gray, wet. oo e _;
10 A8 |4 MW | 0/24 1=
No R . . e
] oremey. N\ || W~
' 4k
Z
200 A8 |5 MW | 17/24 - - - gt ol ;
L oose to medium dense, fine to medium, poorly sorted, sand, light olive and pale P = =
—_I yellow, moist to wet. SN -, 5
27 I MW | 14724 - - : ) :
Loose, coarse to medium sand, little gravel, trace very fine sandy clay lenses, o o o £
—_I olive gray. Bottom 5" change to aloose, fine to medium sand, trace fine gravel, o o e g =
light olive gray and pale yellow, moist to wet. o« o e E
300 —I LB 7 W 24/24 | Medium dense, fineto very fine sand, trace silt, light olive gray, wet. i T
350 —I LB 8 M/W | 20/24 | Asabove, olive gray, moist to wet. j
00 s | W | 24124 - i : i z
Medium dense to dense, very fine sand, some silt, trace clay, trace to little shells E
—_I and shell fragments, olive gray, wet. E
450 V1B |10 w | 2424 - 2
—‘ / As above, some shells and shell fragments, olive gray. / =
A s
Key; *NOTE: Conductivity & Temperature Measured Same DATE
< Water Level During Drilling SS-Split Spoon Sample M-Moist D-Dry ND-Non Detected
. ) ) ——Conductivity
= Static Water Level RC-Rock Core Sample SM-Slightly Moist W-Wet  ___Temperature




JFA Geological & Environmental Scientists | FIELD BOREHOLE LOG

BOREHOLE NUMBER

WB-6

PROJECT NUMBER: 334-07

PROJECT NAME:
LOCATION:
DRILLING CO:

Aguada, PR

JFA Geological & Environmental Scientists

CLIENT: Cordeco Northwest Corp.
Additional Work Geologic & Hydrogeologic Characterizatio

BOREHOLE/WELL DIAM.: 3.5"/1.5"
A’OTAL DEPTH (ft.): 50.0'

GROUND SURFACE ELEVATION: ---

STATIC WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD:
Geoprobe® Depth (ff) 8.41
FOREMAN: D. Gonzalez -
) Time 915
GEOLOGIST: G. Garcia
*Date 5/17/2007
DATE BEGUN: 4/9/2007 DATE COMPLETED: 4/11/2007
- o) —
< e} 04 = — 1| )
E T lc-lé L > =2 I5L > & (Z) =
2 L 5 o o E ° - [ 2
T lElf| 3| p|Y e8|z 253
E Z 3 z 5 8 SOIL/ROCK DESCRIPTION 2 % 61 o| w4 O
Byl 2| w32 2lg| 2|5 38|
"C',J a| = o s o S | 2 E s » | W
s| | s 5| 3 z |2
< | 2 < S |9 o P
n % n o w
N AR SM [24724 | - - - VY
Stiff to very stiff sandy clay, little roots and wood fragments, trace silt, dark S -? ?-
—_I brown. Bottom 8" change in color to dark yellowish brown., slight moist.
5.0 g LB 2 SM | 16/24 | Medium stiff clay, trace very fine sand, olive gray, slight moist.
100 18 |3 SM | 4724 - v
Loose, coarse sand, little subangular to subrounded gravel, trace clayey sand, . e e
—_I olive gray, slight moist. ..
15'Oz| LB |4 W | 12124 umtofi '
Loose, poorly-sorted, medium to fine sand, trace coarse sand and shell fragments,
| % light yellowish brown, wet. :
200 VA 1B |5 w o |11/24 12
As above, wet. 5
—I s above, wet 1z !
25.0 14 :
30.0 A 1B |6 w |64 ik
As above, wet. A=
—I s above, wet ’
35.0 - ’
—I LB 7 W 18/24 | Asabove, dark brownish gray.
400 Y 15 |s w1024 . . : — : s
Loose, coarse to medium sand, light yellowish brown. Bottom 2" fine to medium
—_I sand, slightly organic, dark brownish gray, wet. ¢
450 ] o o o
- LB 9 w 18/24 : : :
50.0 J As above, wet.
Key: *NOTE: Conductivity & Temperature Measured Same DATE
< Water Level During Drilling SS-Split Spoon Sample M-Moist D-Dry ND-Non Detected
— Conductivity

w Static Water Level

RC-Rock Core Sample SM-Slightly Moist W-Wet  _Temperature




JFA Geological & Environmental Scientists

FIELD BOREHOLE LOG

BOREHOLE NUMBER

WB-7,R

PROJECT NUMBER: 334-07
PROJECT NAME:

CLIENT: Cordeco Northwest Corp.
Additional Work Geologic & Hydrogeologic Characterizatio

BOREHOLE/WELL DIAM.: 3.5" /1.5"
TOTAL DEPTH (ft.): 50.0'
GROUND SURFACE ELEVATION:---

LOCATION: Aguada, PR
DRILLING CO: i i ienti :
JFA Geological & Environmental SCIentistS g T = WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: Geoprobe®
proms Depth (1) 11.02
FOREMAN: D. Gonzalez :
] ) Time 1300
GEOLOGIST: G. Garcia
. . *Date 5/16/2007
DATE BEGUN: 5/14/2007 DATE COMPLETED: 5/14/2007
- o) —
< o — L
> % [T} > <\E) L o Z |
—~ o = om L @ %) o > > ] wn
SlElY] 5|5 sle] 8 |zl25 |5
T |Z § z El 3 SOIL/ROCK DESCRIPTION z|2] 2 (80138
N TV w = | O 2|15 Q |El=2 |2
w | = | o | c | g I < = | =
a |ao| A o b 4 S | g E = n | W
= Q = -g ) — @ Z ;
< <§( < S |+ o) =
(%)) 5 9] O L
N AR SV [18124 | s ‘ - i L Y
Stiff sandy clay, little roots and wood fragments, trace rounded fine gravel, dark S -? ?-
—_I brown, slight moist.
50 A8 |2 M |64 ; - ' - ;
Medium dense to loose, fine to very fine sand, little medium sand, trace clay,
—_I poorly sorted, dark grayish brown, moist.
h 4
100 —I LB 3 D 1/24 Medium to fine, loose sand, light yellowish brown, dry. |
10 A8 |4 MW | 24724 ' - - '
Medium dense to loose, poorly-sorted, very fine to medium sand, little coarse
—_I sand, trace subangular gravel, moist to wet, light yellowish brown. At 16.5' depth
fineto very fine, dightly organic sand (2" thick). I
20.02| LB 5 W 5/24 L oose medium to fine sand, light yellowish brown, wet. ’; !
27 I w | 12724 < z
Asabove. Z 2
—I sabove. : :
00 A s |7 w | 1024 - et - - E
Loose, coarse to medium sand, little fine sand, light yellowish brown, bottom e o of =
—_I light olive gray, wet. e
BOPAe |8 W | 22024 e
—I As above, wet.
400 VA 1B |9 w |64 j i i i
—I Loose, fine to medium sand, little coarse sand, dark brownish gray, wet. “
45.0 —
- LB 10 W 20/24
50.0 J As above, wet.
Key: *NOTE: Conductivity & Temperature Measured Same DATE
< Water Level During Drilling SS-Split Spoon Sample M-Moist D-Dry ND-Non Detected
. ) ) ——Conductivity
= Static Water Level RC-Rock Core Sample SM-Slightly Moist W-Wet  ___Temperature




JFA Geological & Environmental Scientists | FIELD BOREHOLE LOG

BOREHOLE NUMBER

WB-8

PROJECT NUMBER:
PROJECT NAME:
LOCATION:
DRILLING CO:

334-07

Aguada, PR

JFA Geological & Environmental Scientists

CLIENT: Cordeco Northwest Corp.
Additional Work Geologic & Hydrogeologic Characterizatio

BOREHOLE/WELL DIAM.: 3.5"/1.5"
A’OTAL DEPTH (ft.): 50.0'

GROUND SURFACE ELEVATION: ---

STATIC WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD:
Geoprobe® Depth (1) 732
FOREMAN: D. Gonzalez .
) Time 035
GEOLOGIST: G. Garcia
*Date 5/17/2007
DATE BEGUN: 4/10/2007 DATE COMPLETED: 4/11/2007
| ) —
< o o e | ~ L .
| Z &0 w | = 5| S 5|k
- ~ [ ) < > - o (%))
€ |E|Y 2 S| d Slel 8 |zl 2k |8
E Z 3 P 5 8 SOIL/ROCK DESCRIPTION 2 % _ o w4 8
o L = L = O E s ©; = ; < —
w | = | o | o | g I < = | =
o 7 o = =} = = w
[a) o @ 3 £ = = %))
sl 2| 2 A
n % n o w
00 —I LB 1 SM | 20/24 | siiff sandy clay, little roots, trace fine rounded gravel, dark brown, slight moist. | =% ** . -/ -? ?-
5.0 !_| LB 2 SM | 8/24 Stiff clay, trace very fine sand and roots, olive brown, slight moist.
10.0 % - - - - -
LB 3 M 8/24 Medium dens, fine to very fine sand, trace clay, ocassional medium sandy clay,
—_I slightly organic lenses, dark olive brown, olive gray, moist.
15.01| .
LB 4 W 10/24 | Loose, poorly-sorted, fine to coarse sand, some subangular to subrounded gravel.
] /% At 16.5' depth soft organic, sandy clay (3" thick), grayish brown, light olive
brown, wet. /. I
200 VA8 |5 w | 10022 - : i : 5
Soft to medium clay, trace very fine sand, alternated with fine to very fine sand -
—_I lenses, olive gray, yellowish brown, wet. 5 =
250 Z E
300 . _ :
LB 6 M/W | 14/24 | | oose, poorly-sorted, fine to coarse sand, little to some subangular to subrounded MR
—_I gravel. Bottom, soft to medium clay, trave very fine sand and shell fragments, MR
olive gray, dark yellowish brown, moist to wet. /' M
B0 AL |7 M| 13724 ' - itle med s
As above. Bottom 5", loose, fine to very fine sand, little medium sand and
—_I subangular to subrounded gravel, dark olive brown, light yellowish brown, moist.
40.0 —I LB 8 M 7124 IBrooc\)Nsrs-],ypn?cc:irg—sorted,finetoveryfine, little to some medium sand, light yellowish
45.0 —
] % LB 9 M 16/24 | Looseto medium dense, fine to very fine sand, little shells and shell fragments,
50.0 J trace clay, dark grayish brown, moist (includes a0.3" thick fine sand lense at |
~48.5 depth).
Key: *NOTE: Conductivity & Temperature Measured Same DATE
< Water Level During Drilling SS-Split Spoon Sample M-Moist D-Dry ND-Non Detected
— Conductivity

w Static Water Level

RC-Rock Core Sample SM-Slightly Moist W-Wet  _Temperature




JFA Geological & Environmental Scientists

BOREHOLE NUMBER

FIELD BOREHOLE LOG

WB-9

PROJECT NUMBER: 334-07
Additional Work on Geologic & Hydrogeologic Char acterizatiof OTAL DEPTH (ft.): 150.0

PROJECT NAME:

CLIENT: Cordeco Northwest Co.

BOREHOLE/WELL DIAM.: 45" /1.5"

LOCATION: Aguada, PR WELL DEPTH (ft.): GROUND SURFACE ELEVATION:n/a
DRILLING CO: i i ienti :
JFA Geological & Environmental SCIentistS g T = WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: Hollow Stem Auger
9 Depth (ft) 15.40
FOREMAN: M. Razuk ;
) Time 835
GEOLOGIST: G. Garcia
. . *Date 5/17/2007
DATE BEGUN: 4/23/2007 DATE COMPLETED: 4/26/2007
- [a] —
< 14 . ]
> % L o (\E) o o pd =
~ 2| & | 0| w g > g || > |z O | w
€ |Mlw |2k 2 0| & 2lo| O JFE | Z
El = |2| 2 ] 2| W 5 O |zl 3< | O
IE z > = = < S SOIL/ROCK DESCRIPTION 2 = | o| w4 O
E |w| @ lw| @ o = 8 2| S % el S
w £ 5179 a zZ | O o | 8 < E | =
o |2 7 || = %) S | g E s n | W
= Q = 14 -g ) - o Z ;
< = < S | O -
wi s @) g
n
0.0 SS 1 SM | 7-6-7-6 13 Medium dense to loose, medium to fine sand (little partly cemented sand), — = '-& ?-
little subangular to subrounded gravel, trace clay, light brown, slight moist. . | =
SS 2 SM | 6-4-3-2 —1
As above, dlight moist. |- g
50 ss |3 |sM]|1-1-33 4 : _ —— i -
Medium to stiff calcareous clay, containing little to some subangular to 2
-3-2- brounded chalk and limest e, ded by | finet . =
SS |4 | SM 3326 melium s (it perty-cemented S, el recih yellow, crk brcwn, — =
SS |5 |M |10-99 18 slight moist. . ..
10.0 As above, light moist to moist. o o o
Loose, ocassional partly cemented, fine to medium sand, poorly sorted, light AR
1 ellowish brown, moist. LIS
77 ss |6 |w |554 9 4 ' “ e
15.01| co
' Loose, poorly sorted, poorly graded, fine to coarse sand, little partly- e o o
SS 7 W 4-8-13 21 cemented, light yellowish brown, wet. o o o
20.0ZI oo
- Ss |8 |w |5o0/6" 50/6 Asahove, wet. LI
25-0 J o o o
A ss |o |w |2028 50/2 Asabove, wet cee
30.0 J 50/2" T
7 ss |10 |mm|11-1222 |34 Asebore, wet
35.0 J
1 % ss 11 MW 18-26-34 60 Loosg, little well indurated, fine to very fine, poorly sorted sand, dark
-20- brownish gray, moist to wet.
40.0 J bt
A ss |12 |w |121317 |30 Aszabove, moist to wet.
wo
A ss |13 Im |101013 |23 Asabove, wet
50.0 J
i As above, moist.
55.0 — z
Key: *NOTE: Conductivity & Temperature Measured Same DATE

< Water Level During Drilling

w Static Water Level

SS-Split Spoon Sample

RC-Rock Core Sample

M-Moist

SM-Slightly Moist

D-Dry

W-Wet

ND-Non Detected
— Conductivity
——Temperature




JFA Geological & Environmental Scientists | FIELD BOREHOLE LOG

BOREHOLE NUMBER

WB-9

PROJECT NUMBER: 334-07
Additional Work on Geologic & Hydrogeologic Char acterizatiof OTAL DEPTH (ft.): 150.0

PROJECT NAME:

CLIENT: Cordeco Northwest Co.

BOREHOLE/WELL DIAM.: 45" /1.5"

LOCATION: Aguada, PR WELL DEPTH (ft.): GROUND SURFACE ELEVATION:n/a
DRILLING CO: i i ienti -
JFA Geological & Environmental SCIentistS g T = WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: Hollow Stem Auger
¢ Depth (ft) 15.40
FOREMAN: M. Razuk -
Time 835
GEOLOGIST: G. Garcia
. . *Date 5/17/2007
DATE BEGUN: 4/23/2007 DATE COMPLETED: 4/26/2007
— o) —~
< [0 — wl
> % L o <\E) w o Z =
~ 2| & | 0| w g > g || > |z O | w
€ ||l uw |2k = 0| X R ) Q a1 2
El s |3]| 3 3 S| u 5 O |Z|3a< | O
E zZ > | B = < | > SOIL/ROCK DESCRIPTION 2 2 e o|lmd | o
5 oul 2 9|8 |[2]3 2lg| 2 |5 %22
a) o 3 | s o LIJ 5 g— = s n | W
S| & | S » @ T 5| I |& z |2
< = < S | O -
n < %) o s
%)
7 SS 14 w 14-16-19 35 As above, wet. E
60.0 J B 2
65.0 —
- SS 15 w 8-14-21 35 As above, wet.
70.0 J o
75.0 — é
- SS 16 W 11-16-19 35 Asabove, wet. =
80.0 J i
85.0 —
J SS |17 |SM|17-14-20 |34 Siiff to very stiff clay, little very fine sand and black lenses of coal/peat?7?,
90.0 % olive brown, slight moist.
95.0 —
J SS 18 SM | 14-13-16 29 As above, stratified (alternated clay, sandy clay, very fine sand), trace
100.0 % subrounded fine gravel, olive brown and olive gray, slight moist.
105.0
110.0J SS 19 SM | 11-10-12 22 igif;.@ndyclay,Iittlesubmgulartowbroundedfinegrave!,oIivegray,slight
mso04 (L} O 0V 0 0
Key: *NOTE: Conductivity & Temperature Measured Same DATE

< Water Level During Drilling

w Static Water Level

SS-Split Spoon Sample M-Moist D-Dry

RC-Rock Core Sample

SM-Slightly Moist  W-Wet

ND-Non Detected
— Conductivity
——Temperature




BOREHOLE NUMBER

JFA Geological & Environmental Scientists | FIELD BOREHOLE LOG

WB-9
PROJECT NUMBER: 334-07 CLIENT: Cordeco Northwest Co. BOREHOLE/WELL DIAM.: 45" /1.5"
PROJECT NAME: Additional Work on Geologic & Hydrogeologic Char acterizatiof OTAL DEPTH (ft.): 150.0
LOCATION: Aguada, PR WELL DEPTH (ft.): GROUND SURFACE ELEVATION:n/a
DRILLING cO JFA Geological & Environmental ScientistS g7, 7ic WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: Hollow Stem Auger
g Depth (i) 15.40
FOREMAN: M. Razuk ;
Time 835
GEOLOGIST: G. Garcia
) ) *Date 5/17/2007
DATE BEGUN: 4/23/2007 DATE COMPLETED: 4/26/2007
- o) —
S| 2| & : 5| o g oz |p
s Bl E|2|y| 9 > a | > |zl S lao
£ |W|lWw|3|x 2 0| & Sle| 8 |z 2k | &
T |z| 2 2| 2| S | > SOIL/ROCK DESCRIPTION 2|2 S 1823 |8
Bolul 2 ul8] Z |8 S1Elo 2228
L 5 (@) o zZ il 5] o = < = —
o gz |g|=| o 4 s || 5 |2 2%
= = c ) — @ Z ;
< = < S | O -
nl < | v o L
%)
J% SS 20 M 7-8-13 21 Medium stiff clay, trace very fine sand and fine subrounded gravel, olive
120.0 gray, moist.
9-14-20 34
125.0 g
130.0J SS 21 M i:)fif;?andy clay, little subangular to subrounded fine gravel, olive brown, g
135.0
140.0J SS 22 M/W| 7-9-11 20 VMvsiumdmseclwwand,Iittlesubroundedgravel,olivebrown, moist to ’ ’
145.0— —]
| 7 SS 23 | W |6-8-10 18 above, wet. RSN
150.0J As €, Wet, -
Key: *NOTE: Conductivity & Temperature Measured Same DATE
< Water Level During Drilling SS-Split Spoon Sample M-Moist D-Dry ND-Non Detected
— Conductivity

= Static Water Level RC-Rock Core Sample SM-Slightly Moist W-Wet  ___Temperature



JFA Geological & Environmental Scientists

BOREHOLE NUMBER

FIELD BOREHOLE LOG

WB-10

PROJECT NUMBER: 334-07

PROJECT NAME:

CLIENT: Cordeco Northwest Co.

Additional Work on Geologic & Hydrogeologic Char acterizatiof OTAL DEPTH (ft.): 150.0

BOREHOLE/WELL DIAM.: 45" /1.5"

LOCATION: Aguada, PR WELL DEPTH (ft.): GROUND SURFACE ELEVATION:n/a
DRILLING CO: i i ienti -
JFA Geological & Environmental SCIentistS g T = WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: Hollow Stem Auger
g Depth (ft) 355
FOREMAN: M. Razuk ;
) Time 805
GEOLOGIST: G. Garcia
*Date 5/17/2007
DATE BEGUN: 4/18/2007 DATE COMPLETED: 4/20/2007
— a) —
< o — L
> 2 |u o §|o L 5| E
~ 2| & | 0| w g > g || > |z O | w
€ |Mlw |2k = ) 5 2| o Q . -
T |z 2 2| 2| S A SOIL/ROCK DESCRIPTION 22132 (838
G |4 2|88 5 |28 HEEREEIE
a |2 F |2 = & |6|:J S | g E s n | W
3513 517 ¢
n
0.0 SS 1 SM | 2-3-5-6 8 Top Soil. Stiff clay, little fine sand and roots, trace organic matter (wood A E% ?-
fragments), dark brown, slight moist. S
SS 2 M 6-5-6-4 11 /. El
Medium stiff sandy clay, trace roots and organic (black wood fragments), /AN E
5.0 SS 3 w 1-Push-1- 1 strong brown, moist. R
1.1 Medium dense, fine to very fine sand, ocassional medium clayey sand co
SS 4 w % 1-11 laminae, trace to little clay, strong brown, wet. . . .
SS 5 W Push 0 Medium to fine, subrounded sand, trace clay, strong brown, wet. LT
100 Soft clay, trace very fine sand (about 1" thick), alternated with medium RN
sand, (organic) trace wood fragments and clay. Bottom 3" soft sandy clay, R
[ olive gray, wet. P
774SS |6 W | Push 0 L
150 J * . * . *
B % Soft medium to fine, medium dense sand, some clay, slightly organic, olive A ]
' SS 7 W | 2-1-2 3 gray, wet. ] E
20.0 J LT é
i % 1. Coarse to very coarese, loose, subangular to subrounded, sand, little N N N i
250 J SS 8 W 2-1-2 3 subrounded gravel, dark gray, wet. . . D
| 77Z1ss |9 |w |14-4 8 N
30,0 J As above, wet. o
- SS 10 w 12-16-8 24 Medium dense, fine to very fine sand, little shells and shell fragments, trace : :
35.0 J finelgllj'avel,darklgray,\)lva?, I I ° > LT
i . . -
40.0 J SS 1 M 17-26-36 62 Subangular to subrounded gravel in asandy clay matrix, light olive gray, | | |
. wet.
| | |
/1SS |12 |smM 142231 |53 ]
45.0 J Subangular to subrounded, highly to thoroughly weathered Limestonein a [
medium stiff silty clay matrix, brownish yellow, pale yellow, moist. [ [
1 |
4SS |13 |mM |11-11-21 |32 [T
50.0 J I
Medium, highly weathered fossiliferouslimestone, little stiff silty clay, trace [ [
soft to medium cal careous clay within fissures, pale yellow, brownish |
b yellow, slight moist to moist. | |
55.0 I
| | |
Key: *NOTE: Conductivity & Temperature Measured Same DATE

< Water Level During Drilling

w Static Water Level

SS-Split Spoon Sample

RC-Rock Core Sample

M-Moist D-Dry

SM-Slightly Moist

W-Wet

ND-Non Detected

— Conductivity

—Temperature




JFA Geological & Environmental Scientists | FIELD BOREHOLE LOG

BOREHOLE NUMBER

WB-10

PROJECT NUMBER: 334-07
Additional Work on Geologic & Hydrogeologic Char acterizatiof OTAL DEPTH (ft.): 150.0

PROJECT NAME:

CLIENT: Cordeco Northwest Co.

BOREHOLE/WELL DIAM.: 45" /1.5"

LOCATION: Aguada, PR WELL DEPTH (ft.): GROUND SURFACE ELEVATION:n/a
DRILLING CO: i i ienti -
JFA Geological & Environmental ScientistS g7, 7ic WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: Hollow Stem Auger Depth (ft) 355
FOREMAN: M. Razuk , '
) Time 805
GEOLOGIST: G. Garcia Dat 511712007
ate
DATE BEGUN: 4/18/2007 DATE COMPLETED: 4/20/2007
- a) —
L
ARk o N slel . g 3%
- L = N N O
€ (Wl |=|e| ¢ o| & Slela |E|a5 |2
T |21 =222 2| Y SOIL/ROCK DESCRIPTION NERE o5 |9
e 0o |Z|h| @ >| 0 18| a3 |8 22 |©
T 7| 2|20 & 2|9 slg| 2 |5 783
o — o o w S = = w
= = c ) - o Z =
< = < S | O -
W L0 @) g
[%2)
% sSS 14 M 29-31-39 70 Friable, faintly weathered chalky limestone surrounded by soft calcareous | |
60.0 J /é fghrlat% {:‘fcri;?qltmlesmd, trace subrounded limestone gravel, pale | | |
| |
| | |
65.0 — | |
1 | | |
70 Ozl 33 15 M/W| 22-33-38 7 Asabove, light olive gray, pale yellow, moist. | | |
| =
1 [ I g
| 3
75.0 — I I I E
) . [ ] £
80.0 J SS 16 W 50/4 50/4 As above, pale yellow to white, moist to wet. | | |
|
1 [ ]
|
85.0 I | I
| | | |
7 SS 17 | M/wj| 50/6" 50/6 Asabove, pale yellow to white, wet. .
90.0 1 E
| [ ]2
[ 1=
95.0 — I I I ;
[ T]¢
7. SS 18 M/W| 32-24-46 70 As above, moist to wet. I 1~
100.0J /% |
[ ]
1 |
[ ]
105.0 | [ |
| 7 SS 19 W | 27-33-41 74 As above, moist to wet [ | [
110.0J I I |
1 |
[ ]
115.0 1
Key: *NOTE: Conductivity & Temperature Measured Same DATE

< Water Level During Drilling

w Static Water Level

SS-Split Spoon Sample M-Moist D-Dry

RC-Rock Core Sample

SM-Slightly Moist  W-Wet

ND-Non Detected
— Conductivity
——Temperature




JFA Geological & Environmental Scientists

FIELD BOREHOLE LOG

BOREHOLE NUMBER

WB-10

PROJECT NUMBER: 334-07
PROJECT NAME:

CLIENT: Cordeco Northwest Co.
Additional Work on Geologic & Hydrogeologic Char acterizatiof OTAL DEPTH (ft.): 150.0

BOREHOLE/WELL DIAM.: 45" /1.5"

LOCATION: Aguada, PR WELL DEPTH (ft.): GROUND SURFACE ELEVATION:n/a
DRILLING cO JFA Geological & Environmental ScientistS g7, 7ic WATER LEVEL (Measured fromTop of Casing)
DRILLING METHOD: Hollow Stem Auger Depth () 255
FOREMAN: M. Razuk , '
Time 805
GEOLOGIST: G. Garcia
. . *Date 5/17/2007
DATE BEGUN: 4/18/2007 DATE COMPLETED: 4/20/2007
— a) —
~ | K = o[ oW © > | = > > O | w
£ Wl w|= | g 0| & 2|lo| O ; JFE | 2
T |z 2 2| 2| S 3|z SOIL/ROCK DESCRIPTION 22132 (838
Bou| 2|y gl Z | 3 2o | @ |E[ 32 |2
tu o _ o o L S o = = o
= c @} o Z =
< < S |+ o)
n < %) O s
0
] | | T
\Asabove,wet. I [ [
| I
[T
125.0 [ l [
1 [ | [
74SS 120 |w |17-16-22 |38 As above, wet.
130.0J [ | [
I
1 [ I [
135.0— I | I
A ss |1 | I |
- NOT SAMPLED.
140.0J I I I
i [T
I
145.0 | | |
| [T
150.0J SS 22 w 19-20-18 38 ZivaﬁlligﬂlchalkyIimeﬁoneinacdcareoussandydaymatrix,paIeyeIIow I | I

Key:

< Water Level During Drilling

w Static Water Level

*NOTE: Conductivity & Temperature Measured Same DATE
SS-Split Spoon Sample M-Moist

RC-Rock Core Sample

D-Dry

SM-Slightly Moist  W-Wet

ND-Non Detected
— Conductivity
——Temperature




Groundwater Investigation
Proposed Discovery Bay Marina Site, Aguada, PR,
6/7/2007

APPENDI X 3.0 Groundwater Conductivity and
Temperature M easurements

JFA Geologica and Environmenta Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456



J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-16-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 11-29-2005
Time: 1105 Weather: Sunny
Well ID: _WB-1 Measuring Point: Top of PVC
Depth to Bottom (ft):_42.60 Reference Elevation (ft):
Depth to Water (ft): _ 5.40 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us'em) | Temperature (°C) Observations
5.40 3892 27.9
10 4547 27.0
15 4628 26.7
20 56.1 M 26.6
25 61.1 26.5
30 63.4 26.4
35 66.1 26.2
40 66.7 26.1
42.60 56.5 26.1 Bottom
Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-16-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 12-1-2005
Time: 1200 Weather: Sunny
Well ID: _WB-2 Measuring Point: Top of PVC
Depth to Bottom (ft):_50.67 Reference Elevation (ft):
Depth to Water (ft): 6.90 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us’cm) | Temperature (°C) Observations
6.90 8193 27.9
10 9367 27.0
15 9636 26.7
20 9754 26.6
25 49.2 M 26.5
30 51.8 26.4
35 52.1 26.2
40 52.2 26.1
45 52.2 26.1
50 52.2 26.1
50.67 311 26.0 Bottom. Sediment.
Instrument; Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-16-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 11-30-2005
Time: 1220 Weather: Sunny
Well ID: _WB-3 Measuring Point: Top of PVC
Depth to Bottom (ft):__50.47 Reference Elevation (ft):
Depth to Water (ft): 5.90 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us’cm) | Temperature (°C) Observations
5.90 946 28.9
10 1061 275
15 1059 27.0
20 2255 27.0
25 27.7M 26.7
30 51.0 26.7
35 51.5 26.6
40 51.9 26.5
45 51.9 26.5
50 52.0 26.4
50.47 29.2 26.4 Bottom. Sediment.
Instrument; Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-16-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 11-30-2005
Time: 1240 Weather: Sunny
Well ID: _WB-4 Measuring Point: Top of PVC
Depth to Bottom (ft):__47.21 Reference Elevation (ft):
Depth to Water (ft): 7.13 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us'em) | Temperature (°C) Observations
7.13 834 28.1
10 844 27.1
15 791 27.1
20 777 27.0
25 773 26.9
30 773 26.9
35 769 26.7
40 775 26.6
45 773 26.5
47.21 595 26.5 Bottom. Sediment.
Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-16-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 12-2-2005
Time: 1140 Weather: Sunny
Well ID: _WB-5 Measuring Point: Top of PVC
Depth to Bottom (ft):__47.51 Reference Elevation (ft):
Depth to Water (ft): 6.06 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us'em) | Temperature (°C) Observations
6.06 142M 28.1
10 15.7 27.0
15 16.0 26.7
20 41.0 26.6
25 42.0 26.5
30 44.7 26.4
35 44.9 26.2
40 45.0 26.1
45 45.9 26.1
47.50 374 26.1 Bottom.
Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well

Temperature & Conductivity

Log
Project No.: 334-07

Project Location: Discovery Bay Marina
Time: 915

Well ID: _WB-6

Depth to Bottom (ft):_51.93

Depth to Water (ft): 8.41

Date: 5-16-2007

Well Installation Date: 4-11-2007
Weather: Sunny

Measuring Point: Top of PVC
Reference Elevation (ft):

GW Elevation (ft):

Water Column (ft): Diameter of Casing (in): __1.5
Depth (ft) Conductivity (us'em) | Temperature (°C) Observations
8.41 703 27.6
10 771 27.0
15 789 26.6
20 855 26.6
25 918 26.5
30 953 26.4
35 1005 26.2
40 985 26.2
45 993 26.1
50 993 26.1
51.93 771 26.1 Bottom. Sediment.

Instrument: Solinst® 107-TLC Meter, M 2/150ft

Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-16-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 5-14-2007
Time: __1300 Weather: Sunny
Wel ID: _"WB-7,R Measuring Point: Top of PVC
Depth to Bottom (ft):_51.93 Reference Elevation (ft):
Depth to Water (ft): 841 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us’cm) | Temperature (°C) Observations
11.92 1495 28.2
15 1411 27.1
20 1450 26.9
25 1451 26.7
30 1452 26.7
35 1452 26.7
40 1456 26.7
43.08 1509 26.6 Bottom.
Instrument; Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-17-2007
Project Location: Discovery Bay Marina Well Installation Date: 4-11-2007
Time: 935 Weather: Sunny
Well ID: _WB-8 Measuring Point: Top of PVC
Depth to Bottom (ft):_ 52.11 Reference Elevation (ft):
Depth to Water (ft): 7.32 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (us’cm) | Temperature (°C) Observations
7.32 654 28.7

10 725 27.9

15 746 274

20 749 27.2

25 746 27.2

30 742 27.1

35 739 27.1

40 835 27.1

45 6442 27.1

50 8026 27.1

52.11 7814 27.1 Bottom. No Sediment.

Instrument; Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-17-2007
Project Location: Discovery Bay Marina Well Installation Date: 4-26-2007
Time: 835 Weather: Sunny
Well ID: _WB-9 Measuring Point: Top of PVC
Depth to Bottom (ft):__151.00 Reference Elevation (ft):
Depth to Water (ft): 15.40 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (us’cm) | Temperature (°C) Observations
15.40 322M 26.7

20 33.2 26.7

25 336 26.7

30 34.2 26.7

35 34.7 26.7

40 35.1 26.7

45 35.2 26.7

50 35.3 26.7

55 35.3 26.7

60 35.3 26.7

65 35.3 26.7

70 35.3 26.7
Instrument; Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




Discovery Bay Resort
TLC Test
Aguada, PR

Cont. (WB-9, 5/17/2007)

75 35.3 26.7
80 35.3 26.7
85 35.3 26.7
90 35.3 26.7
95 35.3 26.7
100 35.3 26.7
105 35.3 26.7
110 35.3 26.7
115 31.3 26.6
120 31.1 26.6
125 30.4 26.6
130 304 26.6
135 314 26.6
140 314 26.6
145 314 26.6
150 33.8 26.6
151 34.9 26.6 Bottom.

Instrument: Solinst® 107-TLC Meter, M2/150ft

Data Collector(s):

JFA Geological and Environmental Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-17-2007
Project Location: Discovery Bay Marina Well Installation Date: 4-20-2007
Time: 805 Weather: Sunny
Wl ID: _WB-10 Measuring Point: Top of PVC
Depth to Bottom (ft):__145.60 Reference Elevation (ft):
Depth to Water (ft): 3.55 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (us’cm) | Temperature (°C) Observations

5 3055 26.6

10 3048 26.6

15 4844 26.7

20 5263 26.7

25 5349 26.6

30 5379 26.6

35 5416 26.5

40 5429 26.5

45 5441 26.5

50 5527 26.4

55 5550 26.4

60 5591 26.4
Instrument; Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




Discovery Bay Resort
TLC Test
Aguada, PR

Cont. (WB-10, 5/17/2007)

65 5462 26.4
70 5859 26.2
75 5982 26.2
80 5576 26.1
85 5574 26.1
90 5557 26.1
95 5575 26.1
100 5589 26.1
105 5612 26.1
110 5640 26.0
115 5647 26.0
120 5683 26.0
125 5732 26.0
130 5771 26.0
135 5583 26.0
140 5249 26.0
145 4565 26.0
145.60 3948 26.0 No Sediment.

Instrument; Solinst® 107-TLC Meter, M2/150ft

Data Collector(s):

JFA Geological and Environmental Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-9-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 11-29-2005
Time: 1310 Weather: Sunny
Well ID: _ WB-1 Measuring Point: Top of PVC
Depth to Bottom (ft):_42.60 Reference Elevation (ft):
Depth to Water (ft): 4.37 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us’lcm) | Temperature (°C) Observations
4.37 3096 27.2
10 7694 26.9
15 25.7M 26.7
20 53.1 26.6
25 57.0 26.5
30 58.3 26.4
35 63.2 26.2
40 63.7 26.1
42.60 49.2 26.1 Bottom
Instrument; Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well

Temperature & Conductivity

Log
Project No.: 334-07

Project Location: Discovery Bay Marina
Time: 1250

Well ID: _ WB-2

Depth to Bottom (ft):_50.40

Depth to Water (ft): 5.86

Water Column (ft):

Date: 5-9-2007

Well Installation Date: 12-1-2005
Weather: Sunny

Measuring Point: Top of PVC
Reference Elevation (ft):

GW Elevation (ft):

Diameter of Casing (in): __ 2.0

Depth (ft) Conductivity (us’lcm) | Temperature (°C) Observations
5.86 6938 274
10 8688 26.9
15 8899 26.7
20 9038 26.7
25 39.2M 26.6
30 41.9 26.4
35 42.4 26.2
40 49.3 26.1
45 535 26.1
50 53.5 26.1
50.40 18.7 26.0 Bottom. Sediment.

Instrument; Solinst® 107-TLC Meter, M2/150ft

Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well

Temperature & Conductivity

Log
Project No.: 334-07

Project Location: Discovery Bay Marina
Time: 1240

well ID: _ WB-3

Depth to Bottom (ft):__50.55

Depth to Water (ft): 4.80

Date: 5-9-2007

Well Installation Date: 11-30-2005
Weather: Sunny

Measuring Point: Top of PVC
Reference Elevation (ft):

GW Elevation (ft):

Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us’lcm) | Temperature (°C) Observations
4.8 1479 21.7
10 1512 27.0
15 1567 26.9
20 1786 26.9
25 34.0M 26.7
30 45.0 26.7
35 48.8 26.6
40 48.8 26.5
45 48.9 26.5
50 48.9 26.5
50.55 191 26.4 Bottom. Sediment.

Instrument; Solinst® 107-TLC Meter, M2/150ft

Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-9-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 11-30-2005
Time: 1225 Weather: Sunny
Well ID: _WB-4 Measuring Point: Top of PVC
Depth to Bottom (ft):__47.00 Reference Elevation (ft):
Depth to Water (ft): 5.45 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us’lcm) | Temperature (°C) Observations
5.45 827 27.4
10 844 27.0
15 747 27.0
20 740 27.0
25 720 27.0
30 734 27.0
35 727 26.9
40 736 26.7
45 727 26.6
47.00 1008 26.5 Bottom. Sediment.
Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-9-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 12-2-2005
Time: 1300 Weather: Sunny
Well ID: _WB-5 Measuring Point: Top of PVC
Depth to Bottom (ft):__46.60 Reference Elevation (ft):
Depth to Water (ft): 4.90 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us’lcm) | Temperature (°C) Observations
4.90 5453 27.1
10 7862 26.7
15 8722 26.6
20 8832 26.5
25 39.0 M 26.5
30 41.6 26.4
35 42.1 26.2
40 42.2 26.1
45 42.3 26.1
46.60 33.7 26.1 Bottom. Sediment.
Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-9-2007
Project Location: Discovery Bay Marina Weéll Installation Date: 4-11-2007
Time: _ 1215 Weather: Sunny
Well ID: _WB-6 Measuring Point: Top of PVC
Depth to Bottom (ft):_52.08 Reference Elevation (ft):
Depth to Water (ft): 741 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (us’lcm) | Temperature (°C) Observations
741 903 27.4
10 899 27.0
15 900 26.7
20 903 26.6
25 918 26.4
30 916 26.1
35 916 26.1
40 920 26.1
45 916 26.1
50 915 26.0
52.08 711 26.0 Bottom. Sediment.
Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well

Temperature & Conductivity

Log
Project No.: 334-07

Project Location: Discovery Bay Marina
Time: _ 1138

well ID: _WB-7

Depth to Bottom (ft):_33.10

Depth to Water (ft): 7.37

Date: 5-9-2007

Well Installation Date: 5-14-2007
Weather: Sunny

Measuring Point: Top of PVC
Reference Elevation (ft):

GW Elevation (ft):

Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (usem) | Temperature (°C) Observations
7.37 2063 27.5
10 2101 27.1
15 1650 26.9
20 1689 26.7
25 1693 26.6
30 1706 26.6
33.10 1631 26.6 Filled with Sand.

Instrument; Solinst® 107-TLC Meter, M2/150ft

Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-9-2007
Project Location: Discovery Bay Marina Well Installation Date: 4-11-2007
Time: __1150 Weather: Sunny
Well ID: _WB-8 Measuring Point: Top of PVC
Depth to Bottom (ft):_52.84 Reference Elevation (ft):
Depth to Water (ft): 6.26 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (usem) | Temperature (°C) Observations
6.26 699 28.4

10 722 27.9

15 707 275

20 709 27.2

25 711 27.1

30 713 27.1

35 709 27.1

40 756 27.2

45 1852 27.1

50 3525 27.1

52.84 3220 27.1 Bottom. No Sediment.

Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-9-2007
Project Location: Discovery Bay Marina Well Installation Date: 4-26-2007
Time: __1050 Weather: Sunny
Well ID: _WB-9 Measuring Point: Top of PVC
Depth to Bottom (ft):__150.00 Reference Elevation (ft):
Depth to Water (ft): 14.45 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (uslcm) | Temperature (°C) Observations
14.45 284 M 27.1

20 28.6 26.9

30 29.6 26.7

40 30.0 26.7

50 30.1 26.7

60 30.2 26.7

70 30.2 26.7

80 30.2 26.7

90 30.2 26.7

100 30.2 26.7

110 30.1 26.7

120 29.8 26.6

130 28.9 26.6

140 30.1 26.6

150 321 26.6

Instrument; Solinst® 107-TLC Meter, M2/150ft Data Collector(s):



‘] FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-9-2007
Project Location: Discovery Bay Marina Well Installation Date: 4-20-2007
Time: __1000 Weather: Sunny
Well ID: _ WB-10 Measuring Point: Top of PVC
Depth to Bottom (ft):__147.60 Reference Elevation (ft):
Depth to Water (ft): 2.85 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (us’em) | Temperature (°C) Observations
2.85 676 26.9
10 891 26.7
20 900 26.7
30 901 26.7
40 909 26.7
50 926 26.6
60 936 26.6
70 929 26.5
80 947 26.4
90 952 26.2
100 972 26.1
110 997 26.1
120 1012 26.1
130 1028 26.0
140 1033 26.0
147.60 1304 26.0

Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):



‘] FA Geological & Environmental Scientists, P.S.C.

\Y,

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-3-2007
Project Location: _Discovery Bay Marina Weéll Installation Date: 4-11-2007
Time: 1042 Wesather: Sunny
Well ID: _WB-6 Measuring Point: Top of PVC
Depth to Bottom (ft):_51.68 Reference Elevation (ft):
Depth to Water (ft): 7.00 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (uscm) | Temperature (°C) Observations
8 791 28.2
10 789 27.1
12 758 26.7
14 781 26.5
16 827 26.5
18 830 26.4
20 850 26.2
22 881 26.1
24 940 26.1
26 970 26.1
28 983 26.1
30 983 26.0
32 976 26.0
34 967 26.0
36 967 26.0
38 967 26.0
40 968 26.0
42 975 26.0
44 976 26.0
46 976 26.0
48 977 26.0
50 977 26.0
51.68 797 26.0

Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):



‘] FA Geological & Environmental Scientists, P.S.C.

\Y,

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-3-2007
Project Location: Discovery Bay Marina Well Installation Date: 5-14-2007
Time: __1300 Weather: Sunny
Well ID: _WB-7 Measuring Point: Top of PVC
Depth to Bottom (ft):_ 32.91 Reference Elevation (ft):
Depth to Water (ft): 9.10 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 2.0
Depth (ft) Conductivity (us’em) | Temperature (°C) Observations

10 1756 27.2

12 1660 27.0

14 1601 26.9

16 1604 26.9

18 1608 26.9

20 1610 26.9

22 1622 26.9

24 1634 26.7

26 1636 26.7

28 1638 26.7

30 1646 26.7

32 1649 26.7

3291 1567 26.7 Bottom.

Instrument; Solinst® 107-TLC Meter, M2/150ft Data Collector(s):




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-3-2007
Project Location: Discovery Bay Marina Well Installation Date: 4-11-2007
Time: _ 1140 Weather: Sunny
Well ID: _WB-8 Measuring Point: Top of PVC
Depth to Bottom (ft):_52.20 Reference Elevation (ft):
Depth to Water (ft): 5.98 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (usem) | Temperature (°C) Observations

6 470 29.0

8 564 28.1

10 594 27.7

12 599 274

14 600 27.2

16 600 27.2

18 600 27.2

20 600 27.2

22 601 27.1

24 601 27.1

26 601 27.1

28 601 27.1

30 604 27.1




Discovery Bay Resort
TLC Test

Aguada, PR

WB-8 (Cont.)
32 601 27.1
34 612 27.1
36 682 27.1
38 634 27.1
40 645 27.1
42 731 27.1
44 1879 27.1
46 5882 27.1
48 6667 27.1
50 7165 27.1
52 4975 27.1

52.20 3156 27.1 Bottom.

Instrument: Solinst® 107-TLC Meter, M2/150ft

Data Collector(s):

JFA Geological and Environmental Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-3-2007
Project Location: Discovery Bay Marina Well Installation Date: 4-26-2007
Time: __ 0940 Weather: Sunny
Well ID: _WB-9 Measuring Point: Top of PVC
Depth to Bottom (ft):_154.45 Reference Elevation (ft):
Depth to Water (ft): 14.90 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (usem) | Temperature (°C) Observations
14.90 235M 27.0

16 239 27.0

18 255 26.9

20 25.6 26.9

22 25.6 26.9

24 25.7 26.9

26 25.8 26.9

28 25.7 26.9

30 25.7 26.9

32 26.0 26.9

34 26.0 26.9

36 26.0 26.9

38 26.0 26.9




Discovery Bay Resort

TLC Test

Aguada, PR

WB-9 (Cont.)
40 26.0 26.9
42 26.1 26.9
44 26.2 26.9
46 26.2 26.9
48 26.2 26.9
50 26.2 26.9
52 26.3 26.7
54 26.3 26.7
56 26.3 26.7
58 26.2 26.7
60 26.3 26.7
62 26.3 26.7
64 26.3 26.7
66 26.3 26.7
68 26.3 26.7
70 26.3 26.7
172 26.3 26.7
74 26.3 26.7
76 26.2 26.7
78 26.3 26.7
80 26.2 26.7
82 26.2 26.7
84 26.2 26.7
86 26.3 26.7
88 26.2 26.7
90 26.2 26.7
92 26.0 26.7
94 259 26.7

JFA Geological and Environmental Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456




Discovery Bay Resort
TLC Test

Aguada, PR
WB-9 (Cont.)
96 25.8 26.7
98 258 26.7
100 258 26.7
102 259 26.7
104 25.8 26.7
106 25.7 26.7
108 25.7 26.7
110 25.7 26.7
112 254 26.7
114 253 26.7
116 254 26.7
118 254 26.7
120 254 26.7
122 253 26.6
124 25.3 26.6
126 253 26.6
128 251 26.6
130 25.2 26.6
132 253 26.6
134 254 26.6
136 255 26.6
138 255 26.6
140 255 26.6
142 255 26.6
144 255 26.6
146 255 26.6
148 27.0 26.6
150 277 26.6 Bottom.

Instrument: Solinst® 107-TLC Meter, M 2/150ft

Data Collector(s):

JFA Geological and Environmental Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456




J FA Geological & Environmental Scientists, P.S.C.

\Y

P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Well
Temperature & Conductivity
Log
Project No.: 334-07 Date: 5-3-2007
Project Location: Discovery Bay Marina Well Installation Date: 4-20-2007
Time: __0840 Weather: Sunny
Well ID: _WB-10 Measuring Point: Top of PVC
Depth to Bottom (ft):_148.89 Reference Elevation (ft):
Depth to Water (ft): 2.79 GW Elevation (ft):
Water Column (ft): Diameter of Casing (in): __ 1.5
Depth (ft) Conductivity (us’lcm) | Temperature (°C) Observations
2.79 631 27.0

4 633 27.0

6 601 26.9

8 642 26.9

10 660 26.9

12 631 26.7

14 628 26.7

16 628 26.7

18 649 26.7

20 638 26.7

22 635 26.7

24 636 26.7

26 646 26.7

28 643 26.7




Discovery Bay Resort

TLC Test

Aguada, PR

WB-10 (Cont.)
30 642 26.7
32 640 26.7
34 641 26.7
36 643 26.7
38 647 26.7
40 647 26.7
42 649 26.7
a4 652 26.7
46 655 26.7
48 661 26.7
50 661 26.7
52 664 26.7
o4 664 26.7
56 668 26.7
58 671 26.7
60 671 26.7
62 671 26.7
64 671 26.7
66 672 26.6
68 672 26.6
70 671 26.6
72 672 26.6
74 671 26.6
76 667 26.6
78 668 26.6
80 666 26.6
82 666 26.6
84 672 26.5
86 675 26.5

JFA Geological and Environmental Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456




Discovery Bay Resort
TLC Test
Aguada, PR

WB-10 (Cont.)

88 683 26.5
90 692 26.5
92 692 26.5
94 686 26.5
96 683 26.4
98 676 26.4
100 667 26.4
102 667 26.2
104 667 26.2
106 667 26.2
108 668 26.2
110 667 26.2
112 669 26.2
114 668 26.2
116 667 26.1
118 667 26.1
120 668 26.1
122 668 26.1
124 669 26.1
126 672 26.1
128 673 26.1
130 673 26.1
132 673 26.1
134 672 26.1
136 673 26.1
138 673 26.1

JFA Geological and Environmental Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456




Discovery Bay Resort
TLC Test
Aguada, PR

WB-10 (Cont.)

140 673 26.1
142 675 26.1
144 683 26.0
146 717 26.0
148 711 26.0
148.89 2316 26.0 Bottom/Sand/Sediment
Instrument: Solinst® 107-TLC Meter, M2/150ft Data Collector(s):

JFA Geological and Environmental Scientists, P.S.C.
* Phone (787) 882-3762 « Fax (787) 882-5456




Groundwater Investigation
Proposed Discovery Bay Marina Site, Aguada, PR,
6/7/2007

APPENDI X 4.0 Field Sampling L ogs, Groundwater Parameters and
Chain of Custody
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P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Monitoring Well Sampling Log

Project No.: 334-07
Project Location: Discovery Bay Marina

Time: 1355
Wwdl ID:  WB-1

Installation Date: 11-29-2005
Sampling Date: 5-18-2007

Weather:
Measuring Point: Top of PVC

Sunny

Depth to Bottom: _ 42.60 ft. Reference Elevation (ft):
Depth to Water (DTW): _ 554 ft. GW Elevation (ft):
Water Column: _ ft. Diameter of Casing (in): __ 2.0
Gallons per Foot: Purging Method: __Surge Pump
Galonsin Well (1Val.): Final DTW (ft.):
Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 7.52 6.82
Cond. (ms/cm) 17.7 455
T°(°C) 27.5 26.9
Sal. (%) 1.05 291
Time 1400 1405
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 10.0 1400 17.7
Sample Collector(s): JFA B 35.0 1405 45.5

JFA Geological and Environmental Scientists, P.S.C.
« Phone (787) 882-3762 « Fax (787) 882-5456
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P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Monitoring Well Sampling Log

Project No.: 334-07 Installation Date: 12-1-2005
Project Location: Discovery Bay Marina Sampling Date: 5-18-2007
Time: __ 1320 Weather: Sunny
Well ID: _ WB-2 Measuring Point: Top of PVC
Depth to Bottom: _ 50.67 ft. Reference Elevation (ft):
Depth to Water (DTW): 6.84 ft. GW Elevation (ft):
Water Column: _ ft. Diameter of Casing (in): __ 2.0
Gallons per Foot: Purging Method: __Surge Pump
Galonsin Well (1Val.): Final DTW (ft.):
Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 6.85 6.68
Cond. (ms/cm) 21.1 27.8
T°(°C) 27.2 26.9
Sal. (%) 1.29 1.72
Time 1325 1330
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 10.0 1325 21.1
Sample Collector(s): JFA B 45.0 1330 27.8
JFA Geologica and Environmental Scientists, P.S.C.
» Phone (787) 882-3762 « Fax (787) 882-5456
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Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Monitoring Well Sampling Log

Project No.: 334-07 Installation Date: 11-30-2005
Project Location: Discovery Bay Marina Sampling Date: 5-18-2007
Time: __ 1300 Weather: Sunny
Well ID: __ WB-3 Measuring Point: Top of PVC
Depth to Bottom: _ 50.47 _ft. Reference Elevation (ft):
Depth to Water (DTW): _ 5.86 ft. GW Elevation (ft):
Water Column: _ ft. Diameter of Casing (in): __ 2.0
Gallons per Foot: Purging Method: __Surge Pump
Galonsin Well (1Val.): Final DTW (ft.):
Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 6.55 6.35
Cond. (ms/cm) 114 35.5
T°(°C) 27.8 27.4
Sal. (%) 2.05 2.24
Time 1305 1310
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 15.0 1305 114
Sample Collector(s): JFA B 45.0 1310 35.5
JFA Geologica and Environmental Scientists, P.S.C.
» Phone (787) 882-3762 « Fax (787) 882-5456
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Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Monitoring Well Sampling Log

Project No.: 334-07 Installation Date: 11-30-2005
Project Location: Discovery Bay Marina Sampling Date: 5-18-2007
Time: __ 1245 Weather: Sunny
Well ID: __ WB-4 Measuring Point: Top of PVC
Depth to Bottom: _ 47.21  ft. Reference Elevation (ft):
Depth to Water (DTW): 712 ft. GW Elevation (ft):
Water Column: _ ft. Diameter of Casing (in): __ 2.0
Gallons per Foot: Purging Method: __Surge Pump
Galonsin Well (1Val.): Final DTW (ft.):
Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 7.44 7.33
Cond. (ms/cm) 763 746
T°(°C) 28.3 27.2
Sal. (%) 0.03 0.03
Time 1250 1255
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 10.0 1250 0.763
Sample Collector(s): JFA B 35.0 1255 0.746
JFA Geologica and Environmental Scientists, P.S.C.
» Phone (787) 882-3762 « Fax (787) 882-5456
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Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Monitoring Well Sampling Log

Project No.: 334-07 Installation Date: 12-2-2005
Project Location: Discovery Bay Marina Sampling Date: 5-18-2007
Time: __ 1340 Weather: Sunny
Well ID: __WB-5 Measuring Point: Top of PVC
Depth to Bottom: _ 47.50  ft. Reference Elevation (ft):
Depth to Water (DTW): _ 597 ft. GW Elevation (ft):
Water Column: _ ft. Diameter of Casing (in): __ 2.0
Gallons per Foot: Purging Method: __Surge Pump
Galonsin Well (1Val.): Final DTW (ft.):
Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 7.24 6.77
Cond. (ms/cm) 20.2 33.0
T°(°C) 27.3 26.6
Sal. (%) 121 2.05
Time 1345 1350
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 15.0 1345 20.2
Sample Collector(s): JFA B 40.0 1350 33.0

JFA Geological and Environmental Scientists, P.S.C.
« Phone (787) 882-3762 « Fax (787) 882-5456
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State Road 107, Km. 3.1

Borinquen Ward, Aguadilla, PR

Tel. 787 882-3762
Fax 787 882-5456

Project No.: 334-07

Monitoring Well Sampling Log

Project Location: Discovery Bay Marina

Time: 1115

Depth to Bottom:

Gallons per Foot:

Depth to Water (DTW):
Water Column:

Well ID: __ WB-6
51.93
840 ft.

ft.

ft.

Galonsin Well (1Val.):

Installation Date: 4-11-2007
Sampling Date: 5-17-2007

Weather: Sunny

Measuring Point: Top of PVC
Reference Elevation (ft):

GW Elevation (ft):

Diameter of Casing (in): __ 1.5
Purging Method: _ Bladder Pump
Final DTW (ft.):

Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 5.45 6.46 6.57 6.96
Cond. (ms/cm) 0.92 0.883 1.00 0.98
T° (°C) 36.5 33.5 34.8 324
Sal. (%) 0.04 0.03 0.04 0.04
Time 1222 1240 1323 1335
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 13.0 1240 0.883
Sample Collector(s): JFA B 48.0 1335 0.98

JFA Geological and Environmental Scientists, P.S.C.
« Phone (787) 882-3762 « Fax (787) 882-5456
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P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Monitoring Well Sampling Log

Project No.: 334-07 Installation Date: 5-14-2007
Project Location: Discovery Bay Marina Sampling Date: 5-18-2007
Time: __ 1220 Weather: Sunny
Well ID: _ WB-7,R Measuring Point: Top of PVC
Depth to Bottom: _ 43.08 _ft. Reference Elevation (ft):
Depth to Water (DTW): 11.97 ft. GW Elevation (ft):
Water Column: _ ft. Diameter of Casing (in): __ 2.0
Gallons per Foot: Purging Method: _ Surge Pump
Galonsin Well (1Val.): Final DTW (ft.):
Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 7.64 7.12
Cond. (ms/cm) 1.32 1.22
T°(°C) 28.3 27.3
Sal. (%) 0.06 0.05
Time 1226 1235
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 15.0 1226 1.32
Sample Collector(s): JFA B 40.0 1235 1.22
JFA Geologica and Environmental Scientists, P.S.C.
» Phone (787) 882-3762 « Fax (787) 882-5456
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P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Monitoring Well Sampling Log

Project No.: 334-07 Installation Date: 4-11-2007
Project Location: Discovery Bay Marina Sampling Date: 5-18-2007
Time: __ 1125 Weather: Sunny
Well ID: __WB-8 Measuring Point: Top of PVC
Depth to Bottom: _ 52.11  ft. Reference Elevation (ft):
Depth to Water (DTW): 7.53 ft. GW Elevation (ft):
Water Column: _ ft. Diameter of Casing (in): __ 1.5
Gallons per Foot: Purging Method: _ Bladder Pump
Galonsin Well (1Val.): Final DTW (ft.):
Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 6.06 6.58 6.84 7.19
Cond. (ms/cm) 870 783 1.02 6.13
T°(°C) 28.6 28.1 29.5 29.6
Sal. (%) 0.03 0.03 0.04 0.32
Time 1120 1125 1138 1150
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 15.0 1125 0.783
Sample Collector(s): JFA B 50.0 1150 6.13

JFA Geological and Environmental Scientists, P.S.C.
« Phone (787) 882-3762 « Fax (787) 882-5456
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P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Monitoring Well Sampling Log

Project No.: 334-07 Installation Date: 4-26-2007
Project Location: Discovery Bay Marina Sampling Date: 5-17-2007
Time: __ 1405 Wesather: __ P. Cloudy
Well ID: __WB-9 Measuring Point: Top of PVC
Depth to Bottom: _151.00  ft. Reference Elevation (ft):
Depth to Water (DTW): 1540 ft. GW Elevation (ft):
Water Column: _ ft. Diameter of Casing (in): __ 1.5
Gallons per Foot: Purging Method: _ Bladder Pump
Galonsin Well (1Val.): Final DTW (ft.):
Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 6.41 6.52 6.59 6.80 6.71 6.42
Cond. (ms/cm) 25.2 25.7 25.7 259 25.8 25.9
T°(°C) 27.6 26.9 31.0 29.7 28.8 28.3
Sal. (%) 1.55 1.58 1.57 1.59 1.59 1.59
Time 1427 1435 1510 1525 1542 1600
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 20.0 1435 25.7
Sample Collector(s): JFA B 78.0 1525 25.9
C 102.0 1600 259
JFA Geological and Environmental Scientists, P.S.C.

« Phone (787) 882-3762 « Fax (787) 882-5456
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P.O. Box 250423

Aguadilla, PR 00604-0423
State Road 107, Km. 3.1
Borinquen Ward, Aguadilla, PR
Tel. 787 882-3762

Fax 787 882-5456

Monitoring Well Sampling Log

Project No.: 334-07 Installation Date: 4-20-2007
Project Location: Discovery Bay Marina Sampling Date: 5-18-2007
Time: __ 0820 Weather: Sunny
Well ID: _ WB-10 Measuring Point: Top of PVC
Depth to Bottom: _ 145.60  ft. Reference Elevation (ft):
Depth to Water (DTW): _ 3.75 ft. GW Elevation (ft):
Water Column: _ ft. Diameter of Casing (in): __ 1.5
Gallons per Foot: Purging Method: _ Bladder Pump
Galonsin Well (1Val.): Final DTW (ft.):
Total Volume (3): gal.
Purged Volumes
Parameters Start | 1% |2 [3% 4™ 5
(gal) (gal) (gal) (gal) (gal)
pH 491 5.95 6.44 6.77 6.99 7.01
Cond. (ms/cm) 4.90 4.38 4.94 5.63 5.58 5.60
T°(°C) 27.0 26.8 30.5 30.9 28.2 28.4
Sal. (%) 0.25 0.22 0.26 0.29 0.29 0.29
Time 0900 0905 0930 0945 1009 1025
Color: Odor: Other:
Sampling Time: Sample Depth (ft.) Time Cond. (ms/cm)
Analysis: TDS, Chloride, Sulfates A 50 0905 4.38
Sample Collector(s): JFA B 75.0 0945 5.63
C 145.0 1025 5.60
JFA Geological and Environmental Scientists, P.S.C.

« Phone (787) 882-3762 « Fax (787) 882-5456
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TECHNICAL MEMORANDUM
Date: June 1, 2005

To:  Mr. Mark Pirrello, P.E.,
Moffatt & Nichol Engineers, Inc.

From: Kenneth C. Jones, P.G.
(813) 969-6995, Fax: (813) 969-6988

Re:  Summary of Discovery Bay Marina Groundwater Flow Analysis
Bahia de Aguadilla, Puerto Rico

INTRODUCTION

Hydro-Environmental Associates, Inc. (HEA) was retained by Cordeco Northwest Corporation
(Cordeco) to conduct a groundwater flow analysis of a proposed inland marina at the above-
referenced site. This Technical Memorandum and accompanying attachments complete the
requirements of the Scope of Services for the project.

Moffatt & Nichol Engineers, Inc. is currently implementing a study to evaluate the potential
development of the subject site as a residential complex that includes a 500-slip inland marina.
The proposed marina will require the excavation of surface soils to an estimated depth of
approximately 15-feet below existing ground surface. The surface soils excavated are
anticipated to be used as fill material for the residential development and proposed levees.
Portions of the subject site and proposed basin area are currently being used as an active sand
mine. The subject site is located on the northwest coast of the island of Puerto Rico.

In order for the marina to sustain a healthy aquatic environment, proper water circulation and
tidal flushing is required. Due to limitations in the shape of the property, the proposed marina
configuration may possibly limit the natural circulation and flushing of seawater. Based upon
site observations made during dewatering of the sand mine, it is apparent that a significant
component of marina water circulation may be obtained from groundwater flow discharging
from the shallow aquifer within the groundwater basin of the proposed marina. The Scope of
Service for this project included a preliminary evaluation of the possible ranges of flow within
the surficial aquifer based upon regional soil characteristics, followed by a field investigation to
determine the hydraulic conductivity of the surficial aquifer within the basin area, and
groundwater flow modeling to more accurately evaluate the rate and volume of groundwater
flow contribution to the proposed marina basin. The preliminary evaluation was previously
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addressed.

SITE GEOLOGY AND HYDROGEOLOGY

The subject site lies within the alluvial deposits immediately north of the Rio Culebrinas, west of
the Cordillera Jaicoa, and east of the Atlantic Ocean. The Rio Culebrinas flows in a general
westerly direction, bisecting the Cordillera Jaicoa, and discharging into the Atlantic Ocean. The
subject site i1s within the flood plain of the Rio Culebrinas. The Cordillera Jaicoa is incised by
the Rio Culebrinas, and becomes highly eroded along the south side of the incision. Geographic
features in the vicinity of the subject site consist of coastal beach deposits, alluvial sediment, and
karst uplands. This area is specifically detailed on the Geologic Map of the Aguadilla
Quadrangle.

The coastal beach deposits form an almost continuous north-south trending ridge between
Tamarindo on the north to Rincon on the south. This ridge is roughly sub-parallel to the coastal
shoreline and terminates approximately 400 feet inland from the coast. The subject site is
relatively flat at an average elevation of approximately 10 feet above mean sea level (MSL).

The surficial aquifer in the area of the site is typically composed of stratified layers of alluvial
quartz sand and shell of quaternary age, with minor amounts of silt and clay. Based on our
review of on-site lithologic data, the surficial aquifer is estimated to be approximately 120 feet in
thickness.

Underlying the surficial aquifer is the Aymamon Limestone. Based upon our review of available
geologic information in the area of the site, the Aymamon Limestone is typically composed of a
pale orange to white fossiliferous, permeable limestone. The Aymamon Limestone is of
Miocene age and directly underlies the alluvial sands. The Aymamon Limestone is
approximately 600 feet in thickness in the vicinity of the subject site. The Aymamon Limestone
is underlain by the Aguada Limestone, also of Miocene age. The Aguada Limestone consists of
a hard calcarenite alternating with chalky and rubbly limestone.

MODEL CONFIGURATION AND SETUP

The marina basin was simulated using the Modular Three-Dimensional Finite Difference
Groundwater Flow Model (MODFLOW ™) code, developed by McDonald and Harbaugh of the
U.S. Geological Survey. The finite-difference approach is block-centered, which means that all
data for a particular cell is located within the center of the cell. Layers may be simulated as
confined, unconfined, or convertible. Flow associated with external influences such as wells,
aerial recharge, evapotranspiration (ET), springs, drains, and rivers can also be simulated. The
solution technique is by the Conjugate Gradient Procedure. Version 2.0 of Groundwater Vistas
was used as a preprocessor to set up to the model and postprocessor to review and map the
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results.

A series of constant head cells were used to simulate the proposed marina basin. The constant
head cells in the proposed marina basin were modeled at an assumed elevation of mean sea level,
which should represent average tidal conditions. To provide a conservative estimate of the
groundwater influence into the proposed marina basin, the model was conducted using steady-
state conditions, without the influence of precipitation or evapotranspiration.

The site, as modeled, consists of the proposed marina basin configuration as presented on the
Conceptual Master Plan, dated March 28, 2005, as prepared by EDSA, Inc., Ft. Lauderdale Fla.
Figure 1 presents the extent of the modeled area. The areas shaded in blue, shown on Figure 1,
represent the constant head cell simulating the area of the proposed marina basin. The model
was set up as a three layer hydrogeologic system, with the upper two layers representing the
surficial aquifer, and the third layer representing the underlying Aymamon Limestone Aquifer.
The surficial aquifer was divided into two layers to simulate the effects of the proposed marina
basin. The bottom elevation of layer one was set to an elevation of -12 feet below MSL, which
is the proposed bottom elevation of the marina basin.

Each model layer was discretized into 10,000 cells, 100-foot by 100-foot in size (100 rows by
100 columns). Constant head boundaries were used to define the Atlantic Ocean and the
Cordillera Jaicoa outcroppings. The model elevation of the constant head boundary representing
the Atlantic Ocean was assumed to be at MSL. The constant head boundary cells representing
the face of the Cordillera Jaicoa to the north of the Rio Culebrinas was estimated to at an
elevation of 15 feet above MSL, based upon a review of the Aguadilla USGS 7.5- minute
quadrangle map. For modeling purposes, the constant head boundaries representing the face of
Cordillera Jaicoa south of the Rio Culebrinas was varied linearly from a maximum of 15 feet to
zero feet NGVD, based upon the general topography of the area.

The MODFLOW river package was used to simulate the Rio Culebrinas. The upstream
elevation of the Rio Culebrinas was estimated to be 9.0 feet above MSL, based on review of the
Aguadilla USGS 7.5-minute quadrangle map. The upstream extent of the river was located at
the intersection of State Road 115. The downstream river elevation was assumed to be at MSL.
Figure 1 also shows the model grid and boundaries. The areas shaded in blue represent the
constant head boundaries, and the areas shaded in green represent the river cell boundaries.

The top of the surficial aquifer for the purposes of this model simulation was conservatively
assumed to be flat at an assumed model elevation of 4 feet above MSL. The base of the surficial
aquifer was assumed to be at -100.0 feet MSL. The base of the marina basin, as discussed above,
was assumed to be at an elevation of -12 feet MSL.
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AQUIFER PARAMETERS

Hydraulic conductivity (permeability) values for the surficial aquifer were based field data
collected at the site by HEA representatives. In-situ hydraulic conductivity values were obtained
for the site by conducting single well aquifer recovery tests (slug tests) at six (6) existing
monitoring wells located at the subject site. The monitoring wells were spatially located within
the actual area of the proposed marina. The monitoring wells were installed by Advanced Soil
Engineering, Inc. of Isabella, P.R. These in-situ hydraulic conductivity values were required to
estimate groundwater flow volumes anticipated to discharge into the marina area.

Based upon information provided by the client, as well as measurements obtained in the field,
the monitoring wells were constructed using ten feet of two-inch diameter, schedule 40 PVC
machine slotted wellscreen (0.010-inch slot size), and solid two-inch diameter PVC riser pipe.
The monitoring wells were installed to depths ranging from 18.7 to 19.5 feet, below ground
surface using the hollow-stem auger method conducted in general accordance with ASTM
D1452-80 procedures.

The shallow monitoring wells were installed through the center of the hollow-stem augers and
positioned at the appropriate depths. The annular space outside the well screen was filled with a
natural formation sand to act as a filter pack around the slotted wellscreen portions of the well.
A bentonite seal was placed above the filter pack. The remaining annular space was grouted
with a cement slurry to the approximate ground surface.

Static water level depths ranged from approximately 1.89 feet, bgs in monitoring well P-1 to as
much as 7.10 feet, bgs in monitoring well P-5. Monitoring well P-1 was located in the northern
portion of the site near the coast, and monitoring well P-5 was located in the higher elevations of
the southern portion of the site. As shown on Table 1, the saturated lengths of the wells ranged
from 11.1 to 16.8 feet.

The hydraulic conductivity values were calculated from the slug tests based on the assumptions
and well geometry presented by Bouwer and Rice (1976). The slug tests were performed by
inserting a solid PVC and cement filled cylinder with a volume equivalent to an approximate 4.5-
foot change in water level in a two-inch diameter monitoring well (1.92-inches in diameter by
4.84 feet in length). When the water level had returned to equilibrium, the cylinder was quickly
removed and the water levels were allowed to return to equilibrium.

Both recovery and drawdown data were obtained using an electronic water level datalogger,
manufactured by Solinst Canada Ltd, Georgetown, Ontario, Canada. The datalogger used for the
slug test was the Model 3001 Levelogger®. The Model 3001 Levelogger® is approximately
7/8-inches in diameter and 4.9 inches in length with an accuracy of 0.1%. Prior to conducting
the slug test, the Levelogger® was lowered to the bottom of the well and measurements were
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made to ensure that the depth to groundwater had stabilized and reached equilibrium before
conducting the slug test. During each of the tests, the water level datalogger recorded the depth
to water to the nearest 0.01 foot at a linear measurement frequency of one reading per second.
This method of collecting both drawdown and recovery data was performed since it typically
provides a more accurate and reliable value of in-situ permeability.

The single well aquifer slug tests were performed on April 21, 2005 by Mr. Kenneth C. Jones,
P.G., of HEA. The data collected from the slug tests were used to calculate horizontal hydraulic
conductivity values in the surficial aquifer at the site. The results of these slug tests are included
in Appendix A and are summarized on the enclosed Table 1. A total of 12 in-situ hydraulic
conductivity tests were performed at the site, including six slug-in tests and six slug-out tests.
However, two of the recovery tests for monitoring wells P-5 and P-6 were not analyzed due to
disturbance of the Levelogger® during the removal of the slug from the well.

The hydraulic conductivity values derived from the on the in-situ slug tests conducted on the six
monitoring wells ranged from approximately 26 to 62 feet per day (ft/d) and averaged
approximately 45 ft/d. This average hydraulic conductivity value appears to be representative
for the soils comprising the surficial aquifer at the site and was used in the groundwater flow
model of the site to estimate groundwater discharge into the marina basin. The average
hydraulic conductivity values for both the drawdown and recovery tests were essentially the
same and therefore, the average value of 45 ft/d within the surficial aquifer appears reasonable.
Some variability of hydraulic conductivity values between the monitoring well locations
suggests some heterogeneity within the surficial aquifer at the site. The heterogeneity would be
expected in the alluvial deposits comprising the surficial aquifer.

It should be noted that due to the remote nature of the site, the monitoring wells could not be
developed prior to conducting the hydraulic conductivity tests and some fine sediment was noted
at the bottom of the wells. It is felt that the fine sediment may have biased the test results
somewhat, and that the actual value of hydraulic conductivity may be slightly higher than the
values reported. Therefore, the average hydraulic conductivity value of 45 ft/d used in the
groundwater flow model is likely conservative. However, the values for hydraulic conductivity
should be viewed as an approximation since the slug tests provide hydraulic conductivity values
for the materials immediately adjacent to the tested well screen.

The hydraulic conductivity of the Aymamon Limestone used in the model was 100 ft/d, which is
typical for a limestone aquifer.

RESULTS

The results of this simulation indicate that the average rate of total groundwater inflow into the
proposed marina basin is approximately 2.44 million gallons per day (MGD), while maintaining
the water level in the marina basin at mean sea level. Based upon a meeting with representatives



Mr. Mark Pirrello, P.E.
June 1, 2005
Page 6

of Moffatt & Nichol Engineers, Inc. on May 12, 2005, the marina basin was divided into 20
separate zones. The groundwater flow contribution into the marina basin was calculated from
each of the cells from within these 20 zones. The groundwater flow contribution from the 20
zones were to be used as input into the overall circulation analysis of the marina basin. Based
upon review of the data, approximately 22 percent of the groundwater flow is in a lateral
direction from the vicinity of the Rio Culebrinas, approximately 36 percent of the flow is in a
lateral direction from the north originating from the Cordillera Jaicoa, approximately 9 percent of
the flow is lateral from the south, and approximately 33 percent represents upward groundwater
flow from the base of the surficial aquifer. Figure 2 shows the water level contours generated at
the end of the simulation.
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Trasfondo del Problema

El Ing. Antonio Hernandez Virella solicit6 un estudio de la distribucion, y de los cambios,
en la salinidad de las aguas del Cafio Madre Vieja debidos al flujo y al reflujo de la marea
en el litoral costero. Dicho estudio constituye un componente adicional de los estudios
ambientales requeridos para el Discovery Bay Resort & Marina, proyecto propuesto por
CORDECO Northwest Corp.

Como complemento al estudio de salinidad, y para la definicion de la zona maritimo-
terrestre, el Lcdo. Patricio Martines solicito un estudio de las elevaciones mareales a lo
largo de cafio. Estos dos estudios son complementarios ya que los patrones de salinidad en
el cano responden a la influencia de la marea. El estudio de las elevaciones fue disefiado
para enlazar con las estaciones de muestreo de salinidad.

Localizacion, Flujo, y Mareas

El Cafio Madre Vieja (CMV) transcurre aproximadamente de este a oeste bordeando la
frontera norte del Valle del Coloso, donde comienza el acantilado de la Formacion
Aymamon. El cafio se nutre de aguas de la precipitacion montafiosa, de la precipitacion
sobre la cuenca del Valle del Coloso, y de aguas subterraneas. E1 CMV corre
aproximadamente paralelo al Rio Culebrinas pero su caudal es mucho menor.

El Cafio Madre Vieja conecta con el mar en la Bahia de Aguada-Aguadilla justo al sur del
Parque Colon, segun esta ilustrado geograficamente en la Figura 1. La ruta precisa del
cafo en la Figura 2 fue trazada mediante el uso de posiciones de GPS. La Figura 3
presenta una vista hacia el este (tierra adentro) de la boca del cafo; el Parque Colon queda
a la izquierda mientras que el mar abierto queda a la derecha y atras. La foto en la Figura
3 fue tomada el 10 de junio a las 2:40 p.m., cuando el nivel del mar se acercaba al nivel de
la marea alta, segiin podemos apreciar en la Figura 4. Los baifiistas que aparecen en la
Figura 3 nos permiten estimar en aproximadamente 0.5 m (~2 pies) la profundidad de la
entrada al cafio durante la marea alta. Durante la marea baja la entrada al cafio esta casi
totalmente cerrada.

Durante la temporada seca (meses primavera) la entrada del cafio frecuentemente se cierra
completamente con arena para luego ser abierta durante eventos de precipitacion intensa
con la llegada del verano. EI flujo promedio de agua a través del cafio depende de la
cantidad de precipitacion en la region caliza de Aymamon y en el Valle del Coloso y varia
desde cero, en tiempos de sequia, hasta un maximo caudaloso, pero indeterminado, durante
eventos intensos de lluvia.

Las mareas a lo largo de la costa oeste de PR son del tipo mixto pero predominantemente
semidiurnas. O sea, ocurren dos ciclos de marea diarios (semidiurnos) pero estos varian en
amplitud a lo largo de un periodo quincenal (componente diurno variable, “fortnightly”).
En la Figura 4 podemos apreciar un régimen de marea semidiurna con picos diarios de
aproximadamente igual amplitud. Es de esperarse que la entrada maxima de agua de mar
al cafio, provocando la salinidad mas alta en las aguas del cafio, ocurra durante la marea
alta cerca de la Luna Nueva o la Luna Llena (o sea durante las mareas de primavera o



“spring tides™), especialmente cuando la marea de primavera coincida con la declinacién
lunar maxima.

La grafica de la Figura 5 nos ensefia ciclos de amplitud diferente durante el dia
(desigualdad diurna o “diurnal inequality”). La Luna Nueva y el maximo en declinaciéon
lunar coincidieron el 14 de junio y causaron la marea mas alta de esa quincena.

El CMV consiste principalmente de un canal angosto durante su travesia hacia el mar.
Tierra adentro dicho canal transcurre por zonas de humedales y observamos una transicion
rapida a bosque de mangle segin nos acercamos al mar, segin podemos apreciar en la
Figura 6. El canal angosto entre mangles descarga a una cuenca mas ancha y profunda en
la posicion identificada como Entrada al Cafio en la Figura 6. Esta cuenca (Fig. 7) recibe
el caudal del CMV y ademas del Cafio del Espinar y de otro cafio que bordea el Parque
Colon. El Cafio Madre Vieja en su totalidad comprende el canal y de la cuenca.

La Figura 8 nos ilustra las profundidades a lo largo de un transecto que conecta la estacion
costera y las estaciones indicadas en la Figura 6. Debemos notar que la estaciéon
identificada como el Hoyo alcanza una profundidad de 6.7 m (22 pies). El Hoyo esta
localizado en la interseccion de los tres cafios que descargan a la cuenca.

Descripcion del Muestreo y de los Métodos Utilizados
Estudio de Salinidad

El 14 de junio se ocuparon cinco estaciones dentro del CMV las cuales estan indicadas en
las Figuras 2 y 6: Se efectuaron mediciones de salinidad en las aguas profundas de la bahia
(estacion de referencia, ocupada al principio y al final del muestreo), en aguas costeras
justo fuera de la entrada del Cafio Madre Vieja, en el punto mas angosto de la entrada (la
estacion llamada Rampa) y en varias estaciones dentro del cafio. Para estos fines se utilizd
un “YSI 556 Multiparameter System” (ver especificaciones al final de este documento) con
la capacidad de medir temperatura, salinidad, y oxigeno disuelto en el agua. Si obtuvieron
perfiles verticales en cada estacion, a intervalos de 1 m, excepto en la Rampa para asi
cuantificar la estratificacion vertical de cada parametro. Dado que el cafio permanecid
abierto durante la marea alta, se utilizé una embarcacion de poco calado (yola aguadillana)
para muestrear cafio adentro, hasta donde nos fue posible la navegacién. Notese que la
marea alta ocurri tarde en la noche lo cual dificult6 la logistica del muestreo.

Debido a una calibracion defectuosa por parte de la compaiiia de alquiler de equipo fue
necesario ajustar las salinidades demasiado altas obtenidas con el YSI. El dia del muestreo
las aguas en la estacion de referencia mar afuera y en la estacion costera frente a la entrada
al cafio exhibian una alta transparencia poco comin para el area lo cual indica poca
influencia de los rios y la presencia de aguas principalmente oceanicas en la bahia.

En la Figura 9 vemos las salinidades superficiales en la estacion CaTS del Departamento de
Ciencias Marinas. En junio del 2007 CaTS se ocupd el dia 12 y se observo un valor de
35.8 (nbtese que no se utilizan unidades para la salinidad). En la estacion costera CREWS
se observO un valor similar durante el 14 de junio. Se procedi6 a compensar (“offset”) las
salinidades obtenidas por el YSI para obtener un valor de 35.8 en la estacion de referencia.



El YSI midi6 un valor promedio de 38.5 en esta estacion por lo tanto todas las salinidades
medidas con el YSI fueron ajustadas mediante la resta de 2.7.

Es importante aclarar que a pesar de una incertidumbre maxima del orden de + 1 unidad
en los valores absolutos de salinidad obtenidos en este estudio (ver Fig. 9) las diferencias
en salinidad son muy robustas. EI valor de 35.8 debe ser interpretado como la salinidad de
las aguas costeras fuera del cafio, o sea, las salinidades dentro del cafio siempre son
menores de 35.8 debido a la mezcla del agua de mar con el agua de origen pluvial.

Estudio de Elevacion Mareal

Las elevaciones del nivel del agua a lo largo del canal del CMV durante un ciclo de marea
fueron monitoreadas el 27 de junio de 2007, durante otro evento de mareas altas. La
marea durante el 27 de junio de 2007 esta graficada en la Figura 10 mientras que los datos
del maredgrafo de Aguadilla aparecen en la Figura 11. Se establecieron seis estaciones a lo
largo del cafio cuyas posiciones estan indicadas en las Figuras 12 y 13.

Cada estacion consistié de un tubo graduado en pies y pulgadas los cuales fueron
enterrados en el lecho del cafio durante la marea baja segun esta ilustrado en la Figura 14.
Se ley6 el nivel del agua, redondeado a la 0.5 pulgada mas cercana, aproximadamente cada
hora hasta una vez pasada la marea alta.

Resultados
Salinidad

Bajo las condiciones observadas correspondientes a comienzos del verano cuando la salida
al mar del CMV esta abierta, y bajo el efecto de mareas de primavera, el estuario del CMV
mantiene un intercambio vigoroso con el mar y la estratificacion vertical de sus aguas,
tanto en la cuenca como en el canal, es muy pronunciada. Las Figuras 15 a 21 indican la
presencia de una capa superficial relativamente poco profunda, del orden de 1 m de grosor,
y caracterizada por salinidades relativamente bajas. Bajo esta capa superficial encontramos
un haloclino (zona vertical que exhibe un gradiente abrupto en salinidad) muy bien definido
en todas las estaciones de muestreo bajo el cual encontramos una zona interior, y
relativamente homogénea, de salinidades mas altas.

Las salinidades interiores por lo general alcanzan valores de 98% a 99%, relativos a la
salinidad de la estacion de referencia mar afuera mientras que las salinidades de la capa
superficial varian de forma regular con la fase de la marea. Las salinidades de la capa
superficial son altas con el subir la marea (entrada de agua de mar al cafio) y mas bajas
segin baja la marea (mayor flujo del cafio al mar). En las partes mas profundas de la
cuenca se acumula agua salada, mas pesada, mientras que el agua fresca, y mas liviana,
fluye sobre ésta. En el canal probablemente se establece una clasica cufia de sal cuya
penetracion tierra adentro es proporcional al flujo de agua fresca en el cafio.

La parte mas profunda del sistema estuarino del CMV esta localizada en la estacion del
Hoyo donde las profundidades alcanzan 6.7 m (22 pies). Es aqui donde se encuentra la
mayor acumulacion de agua salada y donde observamos una anomalia en el patrén de
salinidades interiores altas. Como podemos apreciar en las Figuras 15 y 16 ademas de las



dos capas descritas anteriormente, superficial e interior, en el Hoyo encontramos una capa
cerca del fondo la cual esta caracterizada por una baja en salinidad y bajo oxigeno disuelto.
La permanencia de esta cuenca batimétrica en un ambiente de alta sedimentacion y la
presencia de agua relativamente fresca y anoxica cerca del fondo en su parte mas profunda
sugiere la existencia de un manantial submarino o de una zona de afloramiento de aguas
subterraneas en el lugar.

Elevacion Mareal

Como podemos apreciar en la Figura 22 el flujo y reflujo de la marea en la cuenca y en las
estaciones mas proximas al mar en el canal del CMV (estaciones 5 y 6 en las Figuras 12 y
13) es comparable en fase y en amplitud a la marea costera en la Bahia de Aguada-
Aguadilla. Ademas, se observa una disminucion en la amplitud de las oscilacion mareal
segin procedemos tierra adentro.

El la Figura 23 se ha graficado la elevacion mareal como funcion de la distancia a lo largo
del CMV partiendo desde la Rampa. El por ciento de elevacion relativo al mar también se
ha graficado en esta figura. EI decrecimiento en el por ciento de elevacion entre las
estaciones 5 y 1 es aproximadamente lineal lo cual nos permite calcular ficilmente la
respuesta mareal para cualquier posicion del canal. En la estacion 1 observamos un
aumento negativo (una baja) en el nivel del agua durante la marea alta el cual corresponde
a la respuesta hidraulica de las aguas del cafio como consecuencia de la propagacion de la
onda mareal.

Los arboles de mangle (adultos) localizados mas tierra adentro a lo largo del CMV se
encontraron en la estaciéon 4. Estos son dos arboles solitarios, uno de mangle rojo y del
otro no estoy seguro. La estacion 5 esta completamente rodeada de mangle. Esta
observacion es consistente con la merma en la amplitud mareal entre estas dos estaciones y
nos permite especular que poco agua salada llega mas alla de la estacion 4.



Lista de Figuras

Figura 1. Mapa de localizacion. Adaptado de la carta de navegacion 256771 de la NOAA.

Figura 2. Ruta del Cafio Madre Vieja trazada mediante GPS diferencial. Se indican las
posiciones de las estaciones del muestreo de salinidad y de otros puntos de
referencia.

Figura 3. Foto tomada el 10 de junio a las 2:40 p.m., cuando el nivel del mar se acercaba
al nivel de la marea alta. Los baifiistas que aparecen en la foto nos permiten
estimar en aproximadamente 0.5 m (~2 pies) la profundidad de la entrada al
caflo durante la marea alta en ese dia.

Figura 4. Elevacion de la marea del 9 al 11 de junio de 2007 en la estacion de NOAA en
la Bahia de Aguada-Aguadilla (instalada en uno de los muelles de Crash Boat).

Figura 5. Elevacion de la marea del 13 al 16 de junio de 2007 en la estacion de NOAA en
la Bahia de Aguada-Aguadilla (instalada en uno de los muelles de Crash Boat).

Figura 6. Imagen de Google Earth donde se indica la posicion de las estaciones de
muestreo de salinidad. Se desconoce la fecha en que fue tomada la foto.

Figura 7. La cuenca del Cafio Madre vieja durante marea alta. Vista hacia el este. El
canal del cafio comienza al fondo de la foto.

Figura 8. Transecto vertical donde se ilustran las profundidades de las estaciones de
muestreo de salinidad.

Figura 9. Climatologia de la salinidad en la estaciéon CaTS del Departamento de ciencias
Marinas. Cortesia del Dr. Jorge Corredor.

Figura 10. Elevacion de la marea del 26 al 29 de junio de 2007 en la estacion de NOAA
en la Bahia de Aguada-Aguadilla (instalada en uno de los muelles de Crash
Boat).

Figura 11. Datos de la estacion NOAA en la Bahia de Aguada-Aguadilla.

Figura 12. Figura A.2-7 del Coastal Engineering Analysis de Moffatt & Nichol fechado
del 7 de Julio de 2007. Las posiciones de las estaciones del estudio de
elevaciones mareales estan indicadas.

Figura 13. Ruta del Cafio Madre Vieja trazada mediante GPS diferencial. Se indican las
posiciones de las estaciones del muestreo de elevaciones mareales y de otros
puntos de referencia.

Figura 14. Estacion 3 del estudio de elevaciones donde se ilustran la escala utilizada para
medir la elevacion de la marea y los escombros en el lecho del cafo.

Figura 15-21. Salinidades en el Cafio Madre Vieja muestreadas el 27 de junio de 2007.
La Figura 16 muestra datos de saturacién de oxigeno disuelto.



Figura 22. Resultados del estudio de la elevacion mareal en el Cafio Madre Vieja. La
localizacidén de las estaciones de muestreo estd indicada en las Figuras 12 y 13.
Para fines de comparacion la elevacion de la marea de Aguadilla fue ajustada tal
que la altura de la marea baja fuera igual a cero. La elevacion de la marea de
Aguadilla durante la marea baja fue de 2.3 pulgadas relativas al MLLW.

Figura 23. Elevacion mareal, y por ciento de elevacion mareal, como funcion de la
distancia a lo largo del Cafio Madre Vieja. Los por cientos de elevacion fueron
calculados relativos a la marea en la estacion de NOAA en la Bahia de Aguada-
Aguadilla.
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Aguadilla, PR Station 1D: 9759412
Station Information

Latitude: 18° 27.5' N Mean Range: 1.05 ft.
Longitude: 67° 10.1' W Diurnal Range: 1.40 ft.

Established: Feb 9 1976
Present Installation: Jun 19 2006
Time Meridian: 60

Mean Range (MN): The difference in height between mean high water and mean low water.

Diurnal Range (GT): The difference in height between mean higher high water and mean lower low water.

Mean High Water (MHW): A tidal datum. The average of all the high water heights observed over the National Tidal Datum
Epoch. For stations with shorter series, simultaneous observational comparisons are made with a control tide station in order
to derive the equivalent datum of the National Tidal Datum Epoch.

Mean Low Water (MLW): A tidal datum. The average of all the low water heights observed over the National Tidal Datum Epoch.
For stations with shorter series, simultaneous observational comparisons are made with a control tide station in order to derive
the equivalent datum of the National Tidal Datum Epoch.

Mean Higher High Water (MHHW): A tidal datum. The average of the higher high water height of each tidal day observed over
the National Tidal Datum Epoch. For stations with shorter series, simultaneous observational comparisons are made with a
control tide station in order to derive the equivalent datum of the National Tidal Datum Epoch.

Mean Lower Low Water (MLLW): A tidal datum. The average of the lower low water height of each tidal day observed over the
National Tidal Datum Epoch. For stations with shorter series, simultaneous observational comparisons are made with a
control tide station in order to derive the equivalent datum of the National Tidal Datum Epoch.
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Cafno Madre Vieja - El Hoyo Time Series - June 2007
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Cafio Madre Vieja - Rampa Time Series
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