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ACRONYMS/ABBREVIATIONS

bls below land surface

BTEX benzene, toluene, ethylbenzene, xylenes

CompQAP Comprehensive Quality Assurance Plan

DPT Direct Push Technology

EDB ethylene dibromide

EPA U.S. Environmental Protection Agency

FDEP Florida Department of Environmental Protection

FID flame ionization detector

FKAA Florida Keys Aqueduct Authority

FL-PRO Florida petroleum residual organics

GAC granular-activated carbon

GCTL groundwater cleanup target level

ID inside diameter

KAG Kerosene Analytical Group

µg/l micrograms per liter

mg/kg milligrams per kilogram

mg/l milligrams per liter

ml milliliter

msl mean sea level

MTBE methyl-tert butyl ether

NAF Naval Air Facility

OVA organic vapor analyzer

PAH polynuclear aromatic hydrocarbon

PE polyethylene

ppb parts per billion

ppm parts per million

PVC polyvinyl chloride

RCRA Resource Conservation and Recovery Act

SAR Site Assessment Report

SCTL Soil Cleanup Target Level

SOP Standard Operating Procedure

SOUTHNAVFACENGCOM Southern Division, Naval Facilities Engineering Command

SWL Static water level

TOC Total Organic Carbon
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TOX Total Organic Halogen
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EXECUTIVE SUMMARY

Tetra Tech NUS, Inc., has been authorized by Southern Division, Naval Facilities Engineering Command to

prepare a Site Assessment Report (SAR) for Naval Air Facility Key West.  This SAR has been prepared to

evaluate soil and groundwater conditions at the intersection of Caroline and William Streets in Key West,

Florida, at the location of a fuel spill that occurred in 1997 due to a leak in a valve of an underground fuel

pipeline.

Site Assessment Activities

• Reviewed available Navy documents to collect historical information about the site, evaluate public

and private potable wells, locate utility line areas, locate nearby surface water bodies, and assess

surface hydrology and drainage;

• Conducted a preliminary assessment of soil and groundwater in the intersection of Caroline and

William Streets and the immediate vicinity using Direct Push Technology (DPT) methods;

• Installed one DPT boring to 30 feet to evaluate the deeper zones of the surficial aquifer;

• Collected saturated soil samples from three locations for laboratory analysis of volatile organics,

polynuclear aromatic hydrocarbons, total recoverable petroleum hydrocarbons, total organic carbon,

total organic halogens, and Resource Conservation and Recovery Act (RCRA) metals;

• Installed four shallow permanent monitoring wells to approximately 12 feet below land surface;

• Collected groundwater samples from the permanent monitoring wells for laboratory analysis of

volatile organic aromatics, polynuclear aromatic hydrocarbons, ethylene dibromide, total recoverable

petroleum hydrocarbons, and lead; 

• Conducted a tidal study to evaluate the effects of tidal influences on the movement of groundwater at

the site.

Conclusions

• Native soils in the vadose zone were not present, due to a high water table at the site.  Asphalt and

road fill material occurred to a depth of approximately 1 foot over the native oolitic limestone.  Native

soils, therefore, occurred only in the saturated zone.  Soils samples were collected from the 1 to 2-

foot interval.
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• Concentrations of petroleum contaminants detected in the saturated soil samples collected were

representative of conditions in the groundwater and were not compared to SCTLs.

• Free product was not observed during the assessment activities at the site.

• Concentrations of petroleum contaminants of concern in site groundwater were below the

groundwater cleanup target levels, as specified in Chapter 62-777, F.A.C.

Recommendation

Based on the hydrogeological and chemical data presented in this SAR and the requirements of Chapter

62-770, F.A.C., Tetra Tech NUS, Inc., recommends that a No Further Action status be granted for the site.
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1.0 SITE DESCRIPTION AND BACKGROUND INFORMATION

Tetra Tech NUS, Inc., (TtNUS) under contract to the Department of Navy, Southern Division, Naval

Facilities Engineering Command (SOUTHNAVFACENGCOM), is submitting this Site Assessment Report

(SAR) documenting the findings of the site assessment performed near the intersection of Caroline and

William Streets in downtown Key West, Florida.  This SAR was prepared on behalf of the Navy under

Contract No. N62467-94-D-0888, Contract Task Order 0153, and summarizes environmental assessment

activities conducted by TtNUS at Caroline and William Streets. 

1.1 SITE LOCATION AND CONDITIONS

Key West is located in southern Monroe County, Florida, approximately 150 miles southwest of Miami.  The

intersection of Caroline and William Streets is located in downtown Key West (Figure 1-1).  The site lies at

latitude 24º 33.607’ and longitude 81º 48.061’ within the southern part of Section 25 in Township 67 South

and Range 24 East, as shown on the Key West, Florida, U.S. Geologic Survey Quadrangle Map

(Figure 1-2).  The intersection is surrounded by retail establishments and is a heavily traveled tourist

thoroughfare. 

1.2 SITE HISTORY

Between 1968 and 1969, underground 8-inch and 10-inch diameter diesel/Bunker C fuel oil lines were

constructed to transfer fuel oil between Naval Air Facility (NAF) Key West’s fuel storage facility at Trumbo

Point Fuel Farm and the fuel storage facility constructed on Tank Island (Figure 1-3).  The lines were

installed under downtown Key West streets.  A section of the 10-inch line ran along Caroline Street and

through the intersection of William Street.  In 1985, this line was deactivated, while the 8-inch diesel/Bunker

C line remained in service.  

In 1997, Bechtel Environmental Inc. was contracted by SOUTHDIV to close and abandon NAF’s

underground fuel pipelines on both Key West and Boca Chica.  Closure activities involved integrity testing to

determine the presence of holes or leaks in the lines.  On November 1, 1997, fuel appeared in the street at

the intersection of Caroline and William Streets while the Bunker C Number 6 integrity test was being

conducted.  A high point vent valve that was not identified on the drawings was suspected to have leaked,

and as a result, fuel seeped up through the asphalt and into the street. 

1.3 REMEDIATION ACTIVITIES

Bechtel and the Navy responded to the spill and performed emergency cleanup activities.  Approximately

3,300 gallons of petroleum product were suspected to have been released.  Approximately 3,000 gallons of

product were recovered and 100 tons of contaminated soil were excavated and disposed.  A Discharge
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Reporting Form was filed with the Florida Department of Environmental Protection (FDEP) for the incident.

The contaminated soil was excavated down to groundwater (approximately 2 to 3 feet below land surface

[bls] at the time of excavation). 

On December 18, 1997, during removal of a broken storm sewer line in the intersection of Caroline and

William Streets, approximately 260 gallons of petroleum contact water and free product were recovered.  In

addition, approximately 25 tons of contaminated soils were excavated.

Between January 27 and 30, 1998, the intersection was again excavated to remove any remaining

contaminated soils.  The scope of the excavation was to be within the confines of the intersection and was

not extended beyond the storm drain pipelines.  All free product and groundwater encountered were also

recovered with a vacuum truck.  Approximately 550 gallons of petroleum contact water, 100 gallons of

petroleum products, and 75 tons of contaminated soil were removed.  

Following the incident, Bechtel prepared a Source Removal Report dated February 24, 1998 (Appendix A).

The report includes laboratory results from samples collected from the excavations and the results of the

headspace analysis.  Soil manifests are also included in the 1998 report.
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2.0 SITE ASSESSMENT METHODOLOGY

Site assessment activities were conducted at Caroline and William Streets in 2001.  A Direct Push

Technology (DPT) investigation was conducted as the initial investigation to define the horizontal and

vertical extent of contamination at the site.  The borings were placed in the former excavation area and

adjacent to areas west along Caroline Street and north along William Street that had elevated total

recoverable petroleum hydrocarbons (TRPH) and headspace levels during the 1998 source removal event

(Appendix A).  Soil samples were collected during this investigation for laboratory analysis and headspace

screening. Groundwater samples were collected for onsite laboratory analysis.  After this initial investigation

was completed, monitoring wells were installed at the site.  Groundwater samples were collected for off-site

laboratory analysis and evaluation of natural attenuation parameters.  Data collected during the monitoring

well elevation survey, static water level measurements, and tidal study, along with referenced specific

capacity test data (conducted at a site in Boca Chica), were used to evaluate aquifer properties at the site.

The results of the site assessment are discussed in Chapters 3.0 and 4.0.

2.1 QUALITY ASSURANCE

The site assessment investigation was conducted in accordance with the Standard Operating Procedures

(SOP) prescribed by the FDEP Quality Assurance Section Document DER-001/92, and adopted by the

TtNUS Comprehensive Quality Assurance Plan (CompQAP) Number 980038.  Equipment used to advance

the soil borings, install monitoring wells, and collect soil or groundwater samples was decontaminated prior

to and following each use, according to TtNUS CompQAP.  Rinse water generated during the

decontamination of equipment was containerized in labeled 55-gallon drums, sampled, and removed for

proper disposal.  Organic vapor measurements were made with a Heath Porta-flame ionization detector

(FID) II.  Prior to each day’s activities, the FID was field calibrated with 100-parts per million (ppm) methane

in air span gas, in accordance with manufacturer directions.

Groundwater sampling activities were performed in accordance with the procedures prescribed in the FDEP

Quality Assurance Section’s Standard Operating Procedures for Laboratory Operations and Sample

Collection Activities, (DER-001/92), adopted by the TtNUS CompQAP.  Groundwater samples were

collected in pre-preserved containers obtained from Katahdin Analytical Services.  As part of the

groundwater sampling event, quality control samples (i.e., equipment blanks and trip blanks) were prepared

and submitted to the laboratory as required by the approved CompQAP.  Sampling activities were

documented in a site-specific field logbook and samples were transmitted under chain-of-custody protocols

to the laboratory.
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2.2 SOIL BORING PROGRAM

The soil screening investigation was conducted at Caroline and William Streets to evaluate the extent of

petroleum impact on site soils previously detected in samples collected during the soil excavation in January

1998.  The soil screening investigation was conducted by installing 18 soil borings (TW-1 through TW-18),

using a hand auger.  The hand-augered borings were completed prior to DPT installations at each location

(Figure 2-1). Soil samples from the hand-augered borings were collected for headspace screening with an

FID.  During the DPT field investigation, each soil boring was advanced below the water table in order to

collect groundwater samples for mobile laboratory screening.  Groundwater screening activities are

discussed in Section 2.5.1.

2.2.1 Soil Core Sampling

Soil borings for the preliminary assessment were advanced with a hand auger.  Due to the high water table,

groundwater occurred at approximately 0.50 to 0.75 feet bls during the investigation.  Native soils (oolitic

limestone) occurred at approximately 1 foot bls and were saturated.  The material above the native soils

consisted of asphalt, road base fill material, and crushed rock. Soil samples were not collected from the fill

material, due to its proximity to the road surface and the increased potential of contamination from above.

Unsaturated native soils, therefore, did not exist at the site during the assessment.  The soil borings were

advanced approximately 2 feet into the subsurface and saturated samples were collected in the 1- to 2-foot

interval at each location.  The site geologist logged the soil properties, including texture, color, and soil

moisture for each soil core and noted whether staining or odors were present.  Soil boring logs are provided

in Appendix B. 

2.2.2 Soil Headspace Screening

Soil samples were collected at the 1-to 2-foot interval from each location for headspace screening in

accordance with the procedures outlined in Section 62-770.200, F.A.C.  The samples were saturated;

however, they represented the first occurrence of native soils in the subsurface.  From the interval, two 16-

ounce glass jars were half-filled with soil sample, sealed with aluminum foil, and labeled.  The soil samples

were allowed to equilibrate to ambient air temperature.  The FID response to total headspace organic

vapors was measured by inserting the FID probe through the foil sample cover and recording the highest

instrument reading.  If a positive response was observed when screening the first sample jar, a filtered

instrument reading was made from the second soil sample jar.  A granular-activated carbon (GAC) filter was

attached to the instrument and a headspace organic vapor measurement was made from the second soil

sample.  The GAC filter adsorbs heavier organic vapors (such as petroleum hydrocarbons), but allows

lighter, naturally occurring organic vapors (such as methane) to be detected by the FID.  The filtered

concentration was subtracted from the total vapor concentration to determine the corrected FID response.
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2.3 SOIL SAMPLING PROGRAM

Three soil samples were collected from the 1 to 2 foot interval at the site for fixed-base laboratory analysis to

confirm results of the headspace screening.  Samples were collected from the borings with the highest FID

readings.  The samples were saturated and not representative of vadose zone soils.  The Soil samples were

analyzed for volatile organic aromatics (VOAs) by U.S. Environmental Protection Agency (EPA) Method

8021, polynuclear aromatic hydrocarbons (PAHs) by EPA Method 8310, TRPH by the Florida petroleum

residual organics (FL-PRO), Total Organic Carbon (TOC), Total Organic Halogens (TOX) and Resource

Conservation and Recovery Act (RCRA) metals.  The laboratory analytical report is included in Appendix C.

2.4 MONITORING WELL INSTALLATION PROGRAM

Following the DPT investigation, four shallow monitoring were installed at the site.  These were used for

groundwater sampling and collecting data to evaluate aquifer properties.

2.4.1 Monitoring Well Locations

Screening data obtained during the DPT investigation were evaluated to determine the optimum numbers

and locations for the wells.  Monitoring well placements were selected to provide spatial coverage around

the area of the release (Figure 2-2). 

2.4.2 Shallow Monitoring Well Installation

The monitoring well borings were drilled with a truck-mounted drill rig and 4.25-inch inside diameter (ID)

hollow-stem augers.  Each well was constructed of 2-inch-ID, flush-threaded, schedule 40 polyvinyl chloride

(PVC) riser, and 0.010-inch-slot well screen with a 6-inch point cap.  The shallow wells were installed to

approximately 12 feet bls with a 10-foot screen in accordance with a FDEP Memo dated August 16, 1993

which states that installing the top of screen less than two feet bls is not recommended.  The annulus

around each well was filled to approximately 1 foot above the top of the screen with U.S. Standard Sieve

size 20/30 silica sand, followed by a 0.5 foot 30/65 fine sand seal.  The remainder of the annulus was

grouted to the surface.  Each well was secured with a locking, watertight cap within a steel, 8-inch-diameter

steel manhole. The manhole was set in a 24-inch-square concrete apron finished slightly above grade.  A

typical shallow well installation is illustrated on Figure 2-3.  Monitoring well construction details are

summarized in Table 2-1 and the monitoring well completion diagrams are provided in Appendix B.

2.4.3 Monitoring Well Development

Each monitoring well was developed by using a diaphragm or centrifugal pump.  The wells were developed

until the purge water became clear and approximately 20 gallons had been removed.  Development water
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and soil cuttings from the site were stored in labeled 55-gallon drums and immediately removed offsite by

Navy personnel for disposal. 

2.5 GROUNDWATER SAMPLING PROGRAM

During site assessment activities, groundwater samples were collected from soil borings advanced during

the DPT screening investigation and from monitoring wells.  Groundwater samples collected during the DPT

investigation were analyzed in an on-site mobile laboratory.  Groundwater samples collected from the

monitoring wells were submitted to an offsite laboratory to be analyzed for petroleum constituents.  Selected

groundwater samples were analyzed for natural attenuation parameters at the offsite laboratory.

2.5.1 DPT Groundwater Screening

The groundwater screening investigation was conducted at Caroline and William Streets to evaluate the

extent of petroleum impact on site groundwater, as previously detected during soil excavation and screening

activities conducted in 1998.  The borings were placed in the excavation and along Caroline and William

Streets, where elevated levels of TRPH and headspace readings were detected.  During the preliminary

assessment, 19 soil borings (TW-1 through TW-18 and TW7D) were advanced using DPT methods for

collection of groundwater samples (Figure 2-1).  Each soil boring was advanced approximately 5 to 6 feet

into the water table to collect groundwater samples for mobile laboratory screening.  Soil boring TW-7D was

advanced to a depth of 30 feet to evaluate the deeper zone of the surficial aquifer.  

Groundwater samples were collected from small-diameter temporary wells installed at each soil boring

location.  A length of polyethylene (PE) tubing was inserted to the bottom of the temporary well screen.  The

PE tubing was connected to a peristaltic pump and several screen volumes were removed from the

temporary well to decrease the amount of suspended sediment in the groundwater samples.  After sufficient

purging, groundwater samples were collected by directing the peristaltic pump discharge directly into 40-

milliliter (ml) vials.

Groundwater samples were delivered to the on-site mobile laboratory and analyzed for diesel range

organics and the 8100 PAH list (EPA Method 8081A).

2.5.2 Monitoring Well Sampling

Samples were collected from site monitoring wells to evaluate groundwater quality in the shallow surficial

aquifer in the vicinity of the fuel leak.  These samples were collected using the low-flow quiescent purging

and sampling method.  New Teflon tubing was installed in each well, for groundwater sampling.

Approximately five well volumes were removed from each well using a peristaltic pump and Teflon tubing.

Temperature, pH, specific conductance, dissolved oxygen concentration, and sample turbidity were

monitored while the wells were purged.  The field measurements and well purge volumes were recorded
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during well purging and at the time of sample collection.  Groundwater sample log sheets are provided in

Appendix B.

Groundwater samples were analyzed for the Kerosene Analytical Group (KAG), consisting of VOAs (EPA

Method 8021B), PAHs (EPA Method 8310), ethylene dibromide (EDB) by EPA Method 504.1, TRPH (FL-

PRO), and lead (EPA Method 239.2).  The groundwater samples were placed on ice and shipped to

Katahdin Analytical Services in Westbrook, Maine, for analysis.  Groundwater laboratory analytical reports

are presented in Appendix C.

2.5.3 Natural Attenuation Parameter Sampling

During the groundwater sampling event, additional samples were collected from selected monitoring wells to

provide data to evaluate the potential for naturally occurring biodegradation of petroleum constituents at the

site.  These samples were analyzed for methane and anions.  Laboratory data for natural attenuation

parameters is included in Appendix C.

2.6 AQUIFER CHARACTERIZATION PROGRAM

Data were collected during the site investigation to evaluate the movement of groundwater at the site.

Groundwater elevations were determined from static water level measurements and a well top-of-casing

elevation survey.  

2.6.1 Well Top-of-Casing Survey

A reference point was marked on the top of each monitoring well casing on the north side.  The elevations of

the reference points were surveyed to the nearest 0.01-foot by the surveyor, Frederick Hildebrandt, Key

West, Florida.  The field survey data is included in Appendix B.

2.6.2 Static Water Level Measurements

Depth-to-groundwater measurements were made in site monitoring wells during August and November

2001.  Measurements were made from the reference points marked on the tops of well casings, using an

electronic water level indicator.  Static water level measurements were made to the nearest 0.01-foot.

Groundwater elevations were calculated from the top-of-casing survey elevations and the static water level

measurements.

2.6.3 Tidal Study

A tidal study was conducted at one monitoring well to determine the presence of tidal fluctuations in the

area.  Well CW-MW-03 was chosen because it is outside the former excavation area.  The tidal study was
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used to measure fluctuations in periodic rises and falls of surrounding waters to determine the impact on the

surficial aquifer in the site vicinity.

Prior to conducting the test, the monitoring well was opened and allowed to equilibrate to ambient

conditions.  Once the well had stabilized, static water level was recorded and used to calculate the height of

the water column in the well.  A submersible data logger, the In-Situ MiniTroll, was then installed in the well

and the water level was allowed to restabilize.  The lead wire from the data logger was secured to the well to

ensure that the data logger remained at a constant depth during the test.  The data logger was connected to

a computer to begin the test and start recording water levels in the well.  It was programmed to record water

levels every 20 seconds.  The test was allowed to run for a period of 48 hours to ensure that any

fluctuations would be recorded.  The tidal study data and graphical representation are presented in

Appendix D.  

Water-level data recorded in monitoring well CW-MW-03 during the tidal study indicate the tidal cycle is

semi-diurnal (two high tides and two low tides in a 24-hour period).  The static water level recorded by the

submersible data logger varied by greater than one foot during a single cycle.  Results were consistent

throughout the 48-hour test period.  During low tides, static water levels recorded were at the highest

elevation.  Likewise, high tides produced the greatest depths to water, indicating that the groundwater

fluctuation is approximately six to seven hours behind the tide cycle.
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3.0 GEOLOGY AND HYDROGEOLOGY

Data collected during the site assessment were used to evaluate geologic and hydrogeologic conditions at

the site that may influence the fate and transport of hydrocarbons released to the environment.  Lithology

and stratigraphy were described for the shallow surficial aquifer at the site.  Aquifer properties evaluated as

part of the site assessment included depth to groundwater and groundwater elevation, groundwater flow

direction and gradient, and tidal influence in the area.  

The lower Keys, which are within the southern geomorphic division of Florida, were formed during the

Pliestocene Era.  The Keys are known as the “Oolitic Keys”, a reference to the Oolitic Member of the Miami

Limestone.  The Oolitic Member consists of variably sandy, fossiliferous limestone composed primarily of

ooids.  The Oolitic Member is divided into two lithofacies:  an ooid calcarenite and an oomoldic-recrystalline

facies.  The Key Largo Limestone underlies the Miami Limestone.  The Key Largo Limestone is a light-gray

to light-yellow coralline limestone comprised of coral heads encased in a matrix of calcarenite.  In the Key

West area, the Miami Limestone is approximately 27 feet thick and the Key Largo limestone is more than

270 feet thick (BRE, 1997).

The surficial aquifer system present in the lower Keys is an unconfined, porous, highly permeable solution-

riddled unit, as described above.  Rainfall recharge seeps quickly into the ocean and saltwater intrusion is

common.  The water table ranges in depth from less than 1 foot to approximately 2.5 feet below mean sea

level (msl) and fluctuates diurnally due to tidal effects.  The surficial aquifer is non-potable and is classified

as low yield/poor quality.

Key West lies in the southeastern Coastal Plain physiographic province.  A series of Pliestocene marine

reefs controls the topography of the Coastal Plain in southern Florida (ABB-ES, 1995).  The topography of

Key West is generally flat.  Average land surface elevations are less than 5 feet above msl.  Drainage on the

Key is toward the Atlantic Ocean and Gulf of Mexico, which completely surround the Key.  Both bodies of

water are classified as Class G-III Waters in the vicinity of the Florida Keys, meaning the groundwater has

no reasonable potential as a future source of drinking water.

3.1 SITE STRATIGRAPHY

Interpretation of site lithology and stratigraphy was based on visual examination of soil cores collected from

soil borings during the DPT investigation and drill cuttings observed during the monitoring well installation.  

The site surface is asphalt, which is underlain by approximately 1 foot of road base fill material consisting of

crushed limestone.  Beneath the fill material are native sediments, composed predominantly of light-brown-

to-beige-to-white, sandy, oolitic limestone with some shell fragments.  The material ranges from moderately
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consolidated to hard, and is moderately to highly weathered with intergranular and moldic porosity. This

lithology extends to at least 12 feet bls, which was the maximum depth drilled during the investigation.  Due

to the homogeneity of the subsurface, no lithologic cross-section was constructed.  Soil boring logs are

included in Appendix B.

3.2 SITE HYDROGEOLOGY

Hydrogeologic data were collected during the site assessment to evaluate movement of groundwater in the

shallow surficial aquifer at the site.  Depth to groundwater and groundwater elevation were used to

determine the groundwater flow direction and water table gradient at the site.  Hydraulic conductivity and

transmissivity for the shallow surficial aquifer were obtained from data of specific capacity tests conducted

during a previous investigation on Boca Chica.  Groundwater flow velocity at the site was estimated from the

hydraulic conductivity and gradient data.

3.2.1 Static Water Level and Groundwater Elevations

Static water level (SWL) data were collected from site monitoring wells during two gauging events, on

August 22 and November 8, 2001.  SWL measurements in the shallow wells ranged from 1.59 to 1.94 feet

on August 22 and from 0.75 to 1.24 feet on November 8, 2001 (Table 3-1).  

The SWL data and the relative elevations from the well top-of-casing survey were used to determine a

relative groundwater elevation at each well for the two gauging events (Table 3-1). 

3.2.2 Groundwater Flow Direction

To evaluate the direction of groundwater flow at the site, the groundwater elevations were plotted on site

maps for each gauging event (Figures 3-1 and 3-2).  Groundwater elevation isocontours were calculated

from the plotted data.  Groundwater flow direction is predicted to be perpendicular to the elevation

isocontours.  Interpretation of data from the August 2001 gauging event indicated a south-southwest flow,

while the November 2001 event indicated a flow due north (Figures 3-1 and 3-2).  This pattern of

groundwater movement is indicative of tidal influence on the surficial aquifer.

3.2.3 Water Table Gradient

The average horizontal groundwater gradient across the site was calculated for each gauging event from

the groundwater elevations measured in shallow monitoring wells and the estimated groundwater flow

direction.
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The groundwater flow gradient was determined by using the following equation:

I   =   h1-h2
d

Where:

I = the hydraulic gradient

h1 = the water elevation at point 1, the highest value

h2 = the water elevation at point 2, the lowest value

d = the horizontal distance between point 1 and point 2, parallel to the direction of groundwater

flow

The highest and lowest groundwater elevation values measured in shallow monitoring wells during each

gauging event were used to determine the difference in groundwater elevation across the site.  The

horizontal distance between the high and low groundwater elevation points was measured parallel to the

estimated groundwater flow direction.

On August 22, 2001, the groundwater elevation in CW-MW02, 1.11 feet, was the highest value and the

groundwater elevation in CW-MW04, 0.74 feet, was the lowest value.  The horizontal distance parallel to

groundwater flow was 33 feet.  These data indicate an average hydraulic gradient of 0.0112 feet/foot.

On November 11, 2001, the groundwater elevation in CW-MW03, 1.93 feet, was the highest value and the

groundwater elevation in CW-MW02, 1.75 feet, was the lowest value.  The horizontal distance parallel to

groundwater flow was 30 feet.  These data indicate an average hydraulic gradient of 0.0060 feet/foot.

The arithmetic mean of the two calculated gradient values is 0.0086 feet/foot.

3.2.4 Hydraulic Conductivity

Hydraulic conductivity values for the site were obtained from specific capacity tests conducted at the Jet

Engine Test Cell site (SWMU 9) located at the NAF on Boca Chica (ABB, 1994).  The results from this

location were considered suitable to use for the Caroline and William Streets site because the lithology and

well construction details were similar.  The hydraulic conductivity (K) in the test was calculated using the

Bouwer and Rice (1976) and Bouwer (1989) methods for partially penetrating wells screened in unconfined

aquifers.  The average K value (calculated from the data collected from two wells) was estimated to be 0.72

ft/day.  The specific capacity test data is presented in Appendix E.
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3.2.5 Groundwater Velocity

Potential movement of groundwater at the site may be described in terms of transportation by natural flow in

the saturated zone, while assuming that groundwater flow follows Darcy’s Law.  Darcy’s Law may be

expressed as:

V   =  (K x I)
n

Where:

V = average seepage velocity

K = hydraulic conductivity

n = effective porosity

I = average hydraulic gradient

Data from soil borings advanced during the DPT investigation indicate that oolitic limestone is the typical

lithology at the site.  Review of standard literature suggests that a representative effective porosity for

weathered to oolitic limestone is approximately 30 percent (Davis and Deweist, 1966).

Using a hydraulic conductivity of 0.72 feet/day, the mean hydraulic gradient of 0.0086 feet/foot, an inferred

effective porosity value of 0.30, and Darcy's Law, the groundwater seepage velocity across the site was

calculated at 0.0206 feet/day.

3.2.6 Potable Water Supply Well Survey

No freshwater public or registered domestic wells are in use on NAF Key West (ABB-ES, 1995).  Some

residences in Key West have wells that withdraw water from the surficial aquifer for non-potable uses.  The

Florida Keys Aqueduct Authority (FKAA) operates and maintains the Florida Keys Aqueduct, which supplies

potable water to all of the Keys.  This water is drawn from wells near Florida City in southeastern Dade

County.  It is pumped 130 miles through a water main that parallels U.S. Highway 1 and terminates in Key

West.  The Monroe County Health Department recognizes the public water supply as the only potable water

source available in Key West.

Alternative sources of potable water and non-potable water used in the Keys include private cisterns, private

wells utilizing reverse osmosis, home desalination systems, and bottled water.  The number of people who

may be using water from these alternative sources is unknown.  The best estimate of the number of people

using local groundwater for non-potable domestic purposes is less than 500. 
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3.2.7 Tidal Influence

The data collected during the tidal survey conducted on monitoring well CW-MW-03 revealed two tidal

cycles during a 24-hour period.  The cycle during the day had a fluctulation of 0.39 ft in water level, while the

night cycle was 1.1 foot.  This data suggests that there is a tidal influence on the surficial aquifer at the site.

The data from the tidal survey is provided in Appendix D.

3.3 SURFACE WATER

There are no naturally occurring surface water bodies in the immediate vicinity of the site.  The Key West

Bight is located approximately 500 feet to the north.  Storm water drainage in the vicinity of the site occurs

via the City of Key West sewer systems.  Drainage grates are located on all four corners of the Caroline and

William Streets intersection.  Drainage in the area is poor and water collects on the surface after episodes of

heavy rainfall, flooding the street.



Rev. 1
5/29/02

AIK-02-0164 3-6 CTO 0153

TABLE 3-1

GROUNDWATER ELEVATION SUMMARY
VOAS AND OTHER ORGANICS

CAROLINE AND WILLIAM STREET SITE ASSESSMENT REPORT
NAVAL AIR FACILITY
KEY WEST, FLORIDA

Well No. CW-MW01 CW-MW02 CW-MW03 CW-MW04
Well Diameter 2 inch 2 inch 2 inch 2 inch
Well Depth 12.00 12.00 12.00 12.00
Screened Interval 2.00-12.00 2.00-12.00 2.00-12.00 2.00-12.00
TOC Elevation 3.00 2.70 2.77 2.59

Date ELEV DTW FP ELEV DTW FP ELEV DTW FP ELEV DTW FP
8/22/2001 1.06 1.94 ND 1.11 1.59 ND 0.99 1.78 ND 0.74 1.85 ND
11/8/2001 1.76 1.24 ND 1.75 0.95 ND 1.93 0.84 ND 1.84 0.75 ND

NOTES: Measurements in feet
TOC elevations surveyed 7/27/00 using arbitrary 20 ft. datum
TOC Top-of-Casing
ELEV elevation
DTW Dept to Water
FP Free Product thickness
ND Not Detected



#·

#·

#·

#·

CAROLINE

STREET

WILLIAM

STREET

#

MAN HOLE

OIL PIPELINE

FIBER OPTICS

STORM DRAIN

STORM CATCH

BROKEN

6" CI PIPE

4" PVC PIPE

cw-mw-01
(1.06 ft)

cw-mw-02
(1.11 ft)

cw-mw-03
(0.99 ft)cw-mw-04

(0.74 ft)

1.10 ft
1.05 ft

1.00 ft"

N

EW

S

2.5 0 2.5 5 7.5 10 12.5 Feet

_______

_______

FIGURE 3-1

___
DATE

DATE

REV.
0

___

3958

DRAWING NO.

APPROVED BY

APPROVED BY

CONTRACT NO.SITE ASSESSMENT REPORT
GROUNDWATER ELEVATION

CONTOUR MAP
AUGUST 22, 2001

CAROLINE AND WILLIAM STREETS
NAVAL AIR FACILITY
KEY WEST, FLORIDAAS NOTED

SCALE

COST/SCHED-AREA
2/8/2002GB

CHECKED BY DATE
CM 2/8/2002

DATEDRAWN BYREVISIONSDATENO.

D:\GIS\NAS_KEY_WEST\CAROLINE_SAR.APR  LAYOUT: FIG 3-1
DATE:  2/8/2002  BY:  CM

#· MONITORING WELLS

Rev. 1
5/29/02

AIK-02-0164 3-7 CTO 0153



#·

#·

#·

#·

CAROLINE

STREET

WILLIAM

STREET

#

MAN HOLE

OIL PIPELINE

FIBER OPTICS

STORM DRAIN

STORM CATCH

BROKEN

6" CI PIPE

4" PVC PIPE

cw-mw-04
(1.89 ft)

cw-mw-03
(1.93 ft)

cw-mw-02
(1.75 ft)

cw-mw-01
(1.76 ft)

1.70 ft

1.80 ft

1.90 ft

"

N

EW

S

2.5 0 2.5 5 7.5 10 12.5 Feet

_______

_______

FIGURE 3-2

___
DATE

DATE

REV.
0

___

3958

DRAWING NO.

APPROVED BY

APPROVED BY

CONTRACT NO.SITE ASSESSMENT REPORT
GROUNDWATER ELEVATIONS

CONTOUR MAP
NOVEMBER 11, 2001

CAROLINE AND WILLIAM STREETS
NAVAL AIR FACILITY
KEY WEST, FLORIDAAS NOTED

SCALE

COST/SCHED-AREA
2/8/2002GB

CHECKED BY DATE
CM 2/8/2002

DATEDRAWN BYREVISIONSDATENO.

D:\GIS\NAS_KEY_WEST\CAROLINE_SAR.APR  LAYOUT: FIG 3-2
DATE:  2/8/2002  BY:  CM

#· MONITORING WELLS

Rev. 1
5/29/02

AIK-02-0164 3-8 CTO 0153



Rev. 2
7/22/02

AIK-02-0232 4-1 CTO 0153

4.0 SITE ASSESSMENT RESULTS

Soil samples were collected at Caroline and William Streets for headspace screening and/or laboratory

analysis.  The headspace screening results collected from saturated samples were evaluated following the

appropriate Section 62-770.200, F.A.C. guidelines.  Since no vadose zone soils are present at the site the

results of the saturated soil analyses were representative of groundwater concentration and  a comparison

to Florida Soil Cleanup Target Levels (SCTLs) was not considered appropriate.  Groundwater samples were

collected at Caroline and William Streets during the groundwater assessment.  The results of groundwater

analyses were compared to the Florida Groundwater Cleanup Target Levels (GCTLs) listed in Chapter 62-

777, F.A.C. Table 1.

Natural attenuation parameters were measured from selected wells during the groundwater sampling event.

4.1 SOIL ASSESSMENT RESULTS

4.1.1 DPT Headspace Screening

A DPT investigation was conducted to estimate the extent of petroleum-impacted soil at the site.  Native

vadose zone soils do not exist at the site, due to a high water table; therefore, native soils (saturated)

nearest to the surface (1-to 2-foot interval) were evaluated for headspace screening.  A summary of soil

organic vapor analyzer (OVA) screening results are presented in Table 4-1.  Soil boring locations and vapor

readings are depicted on Figure 4-1.

Soils with a significant headspace screening response (> 10 ppm) were encountered in two of the borings

advanced during the DPT investigation.  Headspace screening responses in excess of 50 ppm were not

detected in any of the samples collected. (Figure 4-1).

4.1.2 Laboratory Soil Sample Analysis

During the DPT investigation, three saturated soil samples (CWKW-SS-SB03-001, CWKW-SS-SB04-001,

and CWKW-SS-SB10-001) were collected for analysis by a fixed-based laboratory.  The samples were

collected from TW-03, TW-04, and TW-10, the three borings that exhibited the highest headspace screening

results (Figure 4-1).  The samples were analyzed for the KAG constituents, and TOC, TOX, and RCRA

metals for soil disposal criteria.  Laboratory analytical reports can be found in Appendix C.

TRPH was reported in saturated soil samples CWKW-SS-SB03-001, CWKW-SSSB04-001, and CWKW-

SS-SB10-001 at levels of 1,300 milligrams per kilogram (mg/kg), 3,200 mg/kg, and 2,400 mg/kg,

respectively.  The PAH compounds acenaphthene, benzo(a)anthracene, benzo(a)pyrene, chrysene, and

pyrene were detected in CWKW-SS-SB10-001.  The metals arsenic, barium, cadmium, chromium, lead,
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and mercury were also detected in the samples, Benzene, toluene, ethylbenzene, xylenes (BTEX)

compounds and methyl-tert butyl ether (MTBE) were not detected in any of the samples collected.  All

detected saturated soil concentrations were reflective of groundwater concentrations at the site.  A summary

of the saturated soil analytical results is presented in Table 4-2.

4.2 GROUNDWATER ASSESSMENT RESULTS

4.2.1 DPT Assessment

Groundwater samples were collected from each soil boring advanced during the DPT investigation.  Results

of the investigation are depicted on Figure 4-3.  Nineteen groundwater samples were collected and

analyzed for PAH and diesel range organics by the mobile analytical laboratory (Table 4-3).  One

groundwater sample was collected from the deeper zone at 30 feet.  A naphthalene detection was reported

in TW-15 at a concentration of 56 parts per billion (ppb).  PAH compounds and diesel range organics were

not detected in any of the other samples collected.

4.2.2 Monitoring Well Sampling

Groundwater samples were collected from the four on-site shallow monitoring wells (CW-MW01 through

CW-MW04) on August 22, 2001 (Figure 4-4) and November 8, 2001 (Figure 4-5).  The samples were

analyzed at an off-site laboratory for VOCs, PAHs, EDB, TRPH, and lead.  The laboratory analytical reports

can be found in Appendix C.  Analytical results are summarized in Table 4-4.  None of the compounds

tested for exceeded their GCTLs, as defined in Chapter 62-777, F.A.C. Table 1.

During the August 22, 2001, sampling event, the PAH compound acenaphthene was detected in CW-MW01

and CW-MW02 at concentrations of 0.1 micrograms per liter (µg/l) and 0.5 µg/l, respectively.  These

concentrations were below the acenaphthene GCTL of 20 µg/l.

Naphthalene was detected in CW-MW-02 and CW-MW-04 at concentrations of 0.07 µg/l and 0.06 µg/l,

respectively.  These concentrations were below the naphthalene GCTL of 20 µg/l.

Other PAH constituents detected during the August 22 event were fluoranthene (0.05 µg/l) in CW-MW01

and 2-methylnaphthalene (0.2 µg/l) in CW-MW02.  Both concentrations were below their respective GCTLs.

The volatile organic compounds benzene, ethylbenzene, and toluene were detected in CW-MW04 at

concentrations of 1 µg/l, 0.7 µg/l, and 0.8 µg/l, respectively.  MTBE was detected in CW-MW-01 and CW-

MW-04 at concentrations of 0.4 µg/l and 0.8 µg/l, respectively.  The benzene concentration is at the GCTL

while the remainder of the reported concentrations were below their GCTLs.
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TRPH was also detected in CW-MW-01 at a concentration of 770 µg/l.  This concentration was below the

GCTL of 5,000 µg/l for TRPH.  TRPH was not detected in any of the other samples during the August 22

event.

During the November 8, 2001, sampling event, TRPH was detected in CW-MW01 (310 µg/l), CW-MW02

(170 µg/l), and CW-MW03 (150 µg/l).  In addition, acenaphthene and MTBE were detected at

concentrations of 0.1 µg/l and 0.6 µg/l, respectively in CW-MW02.  These levels were all below their

respective GCTLs.  No other compounds tested for were detected in the samples collected during this

event.

4.3 NATURAL ATTENUATION SAMPLING

Measurements of natural attenuation parameters were made for CW-MW03 during both 2001 sampling

events and during the November 8, 2001 event for CW-MW04 (Table 4-5).  The wells were sampled for the

anions chloride, sulfate, nitrate, nitrite, and ortho-phosphate.  A slight decrease in chloride and sulfate levels

was detected in CW-MW03 from the August to November sampling events (8,000 to 6,200 milligrams per

liter [mg/l] for chloride and 1,300 to 990 mg/l for sulfate).  Nitrate, nitrite, and ortho-phosphate were not

detected in any of the samples collected (Figure 4-6).
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TABLE 4-1

SOIL HEADSPACE ANALYTICAL RESULTS
CAROLINE AND WILLIAM STREETS – SITE ASSESSMENT REPORT

NAVAL AIR FACILITY
KEY WEST, FLORIDA

SAMPLE OVA SCREENING RESULTS

LOCATION
NO. 

DATE
COLLECTED 

DEPTH
TO

WATER

SAMPLE
INTERVAL

(fbls)

TOTAL
READING

(ppm)

CARBON
FILTERED

(ppm)

NET
READING

(ppm) COMMENTS 
TW-1 7/18/2001 0.5-1.0 1-2 0 NS 0 
TW-2 7/18/2001 0.5-1.0 1-2 1 0 1 
TW-3 7/18/2001 0.5-1.0 1-2 15 0 15 
TW-4 7/18/2001 0.5-1.0 1-2 8 0 8 
TW-5 7/18/2001 0.5-1.0 1-2 0 NS 0 
TW-6 7/18/2001 0.5-1.0 1-2 2 0 2 brick at 0.5 feet
TW-7 7/18/2001 0.5-1.0 1-2 0 NS 0 
TW-8 7/19/2001 0.5-1.0 1-2 1 0 1 
TW-9 7/19/2001 0.5-1.0 1-2 1 0 1 
TW-10 7/19/2001 0.5-1.0 1-2 12 0 12 petroleum odor
TW-11 7/19/2001 0.5-1.0 1-2 2 0 2 
TW-12 7/19/2001 0.5-1.0 1-2 0 NS 0 
TW-13 7/19/2001 0.5-1.0 1-2 0 NS 0 
TW-14 7/19/2001 0.5-1.0 1-2 0 NS 0 
TW-15 7/19/2001 0.5-1.0 1-2 3 0 3 plant debris
TW-16 7/19/2001 0.5-1.0 1-2 0 NS 0 
TW-17 7/19/2001 0.5-1.0 1-2 0 NS 0 
TW-18 7/20/2001 0.5-1.0 1-2 6 0 6 

fbls = feet below land surface
ppm = parts per million
NS = not sampled
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TABLE 4-4

SUMMARY OF FIXED-BASE LABORATORY GROUNDWATER ANALYTICAL RESULTS
VOAS AND OTHER ORGANICS

CAROLINE AND WILLIAM STREETS SITE ASSESSMENT REPORT
NAVAL AIR FACILITY
KEY WEST, FLORIDA

Sample ID
Date

Collected Benzene
Ethyl

benzene Toluene
Xylenes
(total)

1,2-
Dibromoethane

(EDB) MTBE TRPH Lead
GCTL(1) N/A 1 30 40 20 0.020 50 5,000 15

8/22/2001 <1.0 <2.0 <2.0 <2.0 <0.020 0.4J 770.00 <5.0
CWKW-GW-MW01

11/8/2001 <1.0 <2.0 <2.0 <2.0 <0.020 <1.0 310J* <5.0
8/22/2001 <1.0 <2.0 <2.0 <2.0 <0.020 0.8J <0.01 <5.0

CWKW-GW-MW02
11/8/2001 <1.0 <2.0 <2.0 <2.0 <0.020 0.6J 170J* <5.0
8/22/2001 <1.0 <2.0 <2.0 <2.0 <0.020 <1.0 <0.01 <5.0

CWKW-GW-MW03
11/8/2001 <1.0 <2.0 <2.0 <2.0 <0.020 <1.0 150J* <5.0

CWKW-GW-MW04 8/22/2001 1J 0.7J 0.8J <2.0 <0.020 <1.0 <0.01 <5.0

Values reported in micrograms per liter.
J = Estimated quantity below the practical quantitation limit and above the method detection limit
(1) Groundwater Cleanup Target Level, as defined by Chapter 62-777
* TPH (C8-C40)
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TABLE 4-5

NATURAL ATTENUATION PARAMETERS SUMMARY
CAROLINE AND WILLIAM STREETS SITE ASSESSMENT REPORT

NAVAL AIR FACILITY
KEY WEST, FLORIDA

Measurements Parameters
Sample ID Date Chloride (mg/l) Sulfate (mg/l) Methane (µg/l)

8/22/2001 8000 1300 NS
CWKW-GW-MW03-001

11/8/2001 6200 990 93.7
CWKW-GW-MW04-001 11/8/2001 11000 2000 NS
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5.0 SITE INVESTIGATION SUMMARY

The significant findings from each phase of site assessment activities are discussed below.

5.1 SOURCE OF HYDROCARBONS

A break in a vent valve of a 10-inch diesel/Bunker C fuel pipeline, present under the site, was identified as

the source of the release of petroleum hydrocarbons to soil and groundwater at the site.  The break

occurred during a line integrity-testing event during pipeline closure activities.  The vent was not identified on

any drawings and the fuel seeped up through the asphalt and on to the surface of the road. 

5.2 SITE CONDITIONS

The site is underlain by road base fill material to approximately 1 foot bls, beneath which is oolitic limestone

of the shallow surficial aquifer to a depth of 12 feet.  A vadose zone of native soils does not exist at the site,

due to high water table elevations.  Lithologies suggesting the presence of confining layers were not

observed at the site.  Depth to water in the surficial aquifer ranged from 1.59 to 1.94 feet during August

2001 and 0.75 feet to 1.24 feet during November 2001.  Relative groundwater elevations were calculated

from the SWL and top-of-casing elevation survey data.  A tidal study at the site revealed the presence of a

fluctuation in water levels of 0.39 and 1.1 foot during a 24-hour period.  These data points were used to

calculate the groundwater flow direction and water table gradient at the time of each gauging event.

Groundwater flow at the site during the August event was to the south-southwest and to the north during the

November event.  The average groundwater gradient calculated for the site was 0.0086 feet/foot.  Hydraulic

conductivity values for the site were determined to be 0.72 feet per day from data obtained by specific

capacity tests conducted during a site assessment at the NAF on Boca Chica.  The groundwater flow

velocity was calculated from gradient and hydraulic conductivity values, and is estimated at 0.0206 feet/day.

No active potable water supply or irrigation wells occur on Key West. 

5.3 SOURCE REMOVAL

Approximately 3,910 gallons of product and contaminated water were reportedly recovered from the site in

1997 and 1998.  In addition, a total of 200 tons of petroleum-contaminated soil were excavated from the site

during that time period.  Laboratory and headspace analysis of samples collected from the walls of the

excavations indicated elevated levels of hydrocarbons still present in the soil. 

5.4 SOIL ASSESSMENT

Headspace analysis of the soil samples collected during the investigation did not exhibit levels of

“excessively” contaminated soil. Petroleum hydrocarbons and metals were detected in the saturated soil
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samples collected for laboratory analysis at the site which were representative of groundwater

concentration.  Vadose zone soils were not present at the site.

5.5 GROUNDWATER ASSESSMENT

Petroleum hydrocarbon concentrations were detected in all four wells during the two sampling events at the

site; however, no GCTL exceedances were found.  Results of the groundwater samples collected during the

DPT investigation detected the presence of naphthalene in one location, but the level was below its GCTL.

One DPT sample was collected at 30 feet bls to evaluate the deeper zones of the aquifer; no contaminants

were detected in the sample.
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6.0 CONCLUSIONS AND RECOMMENDATION

The conclusions, based on the data collected during the site assessment performed by TtNUS at Caroline

and William Streets, are summarized as follows:

• The site is underlain by a surficial aquifer comprised of oolitic limestone.  No confining layers were

encountered within the upper 30 feet of the surficial aquifer.

• Vadose zone soils did not exist at the site at the time of the assessment.  Headspace analysis was

conducted in the 1- to 2-foot saturated zone nearest to the surface.  The presence of excessively

contaminated soils was not detected in that zone.

• The surficial aquifer is non-potable and is classified as groundwater of low yield/poor quality.

• The surficial aquifer in the site vicinity is tidally influenced.

• The direction of groundwater flow was to the south-southwest during one measurement and due

north during another, suggesting a strong tidal influence.  The surficial aquifer flows at a calculated

velocity of 0.0206 feet/day.

• Contaminated soil has previously been excavated and removed where feasible, and no free product

occurred at the site during assessment activities.

• The vertical and horizontal extent of contamination has been defined by the investigation.

• Concentrations of petroleum contaminants were detected in the saturated soil samples collected.

• Concentrations of petroleum contaminants of concern detected in the four monitoring wells were all at

or below GCTLs.

Based on the hydrogeological and chemical data presented in this SAR, and supported by the criteria sited

in Chapter 62-770, F.A.C., the site qualifies for No Further Action.   
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APPENDIX A

SOURCE REMOVAL REPORT
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APPENDIX B

FIELD DATA FORMS
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APPENDIX C

LABORATORY ANALYTICAL REPORTS
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APPENDIX D

TIDAL STUDY DATA
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APPENDIX E

SPECIFIC CAPACITY TESTS
















	SITE ASSESSMENT REPORT FOR CAROLINE AND WILLIAM STREETS
	SIGNATURE PAGE
	PROFESSIONAL CERTIFICATION
	TABLE OF CONTENTS
	LIST OF APPENDICES
	LIST OF TABLES
	LIST OF FIGURES

	ACRONYMS/ABBREVIATIONS
	EXECUTIVE SUMMARY
	SITE DESCRIPTION AND BACKGROUND INFORMATION
	SITE ASSESSMENT METHODOLOGY
	GEOLOGY AND HYDROGEOLOGY
	SITE ASSESSMENT RESULTS
	SITE INVESTIGATION SUMMARY
	CONCLUSIONS AND RECOMMENDATION
	REFERENCES
	APPENDICES
	APPENDIX A��SOURCE REMOVAL REPORT
	APPENDIX B��FIELD DATA FORMS
	APPENDIX C��LABORATORY ANALYTICAL REPORTS
	APPENDIX D��TIDAL STUDY DATA
	APPENDIX E��SPECIFIC CAPACITY TESTS


