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EXECUTIVE SUMMARY 

Tetra Tech NUS, Inc. (TtNUS) has been authorized by Southern Division, Naval Facilities Engineering 

Command (NAVFAC EFD SOUTH) to prepare a Site Assessment Report (SAR) for the former Flying Club 

site at Naval Air Station (NAS) Key West, Florida.  This SAR has been prepared to evaluate soil and 

groundwater conditions after an increase in contaminant levels was detected in site monitoring wells during 

the groundwater monitoring program.   

Site Assessment Activities 

The following site assessment activities were conducted by TtNUS, in accordance with the abbreviated 

Contamination Assessment Plan (CAP) (TtNUS, 2004): 

• 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 using Direct-Push Technology (DPT) 

methods. 

• Collected soil samples for laboratory analysis of benzene, toluene, ethylbenzene, and xylenes 

(BTEX), methyl-tertiary butyl ether (MTBE), polynuclear aromatic hydrocarbons (PAHs), total 

recoverable petroleum hydrocarbons (TRPH), pesticides, polychlorinated biphenyls (PCBs), and 

Target Analyte List (TAL) metals and tin. 

• Collected groundwater screening samples from DPT boreholes and analyzed for BTEX, MTBE, 

Priority Pollutant List (PPL) volatile organic halocarbons (VOHs), and PAHs. 

• Installed six shallow monitoring wells to assess the horizontal extent of contamination. 

• Collected two sets of groundwater samples from the 10 permanent monitoring wells (6 new wells and 

4 existing wells) for laboratory analysis of VOCs, SVOCs, pesticides, PCBs, and TAL metals and tin. 

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

site. 
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Conclusions 

The following conclusions were drawn based on site assessment activities: 

• Concentrations of benzo(a)anthracene detected in three soil samples collected for this investigation 

were above Soil Cleanup Target Levels (SCTLs) for Residential Direct Exposure, as specified in the 

Chapter 62-777, Florida Administrative Code (FAC), Table II. 

• Concentrations of some petroleum contaminants of concern (CoCs), were greater than Groundwater 

Cleanup Target Levels (GCTLs), as specified in Chapter 62-777, FAC, Table I, in site groundwater 

during two sampling events conducted in September 2004 and January 2005. 

• Free product was not observed in any monitoring wells during the site assessment activities. 

Recommendation 

Hydrogeological and chemical data presented in this SAR revealed soil and groundwater contaminants 

above regulatory limits at the site.  Impacted soil and groundwater was detected at areas east of Building 

A133 (between Buildings A126 and A133); however, a definite source was not identified.  

The area surrounding the underground storage tank (UST) located adjacent to Buildings A126 and A128 

should be further investigated as a potential source of contamination.  Reported past practices for dust 

control around Building A126 and used oil/lubricant storage and disposal practices observed during the mid-

20th century are other potential sources for the chemicals currently detected at this site that should be 

considered when designing future sampling events.  Based on the data presented in this report and the 

information provided during partnering team meetings, TtNUS recommends that a supplemental 

investigation be conducted to determine the possibility of an additional source(s) that might be responsible 

for the contaminant levels at the site and to help delineate the boundaries of the groundwater plume. 
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1.0 SITE DESCRIPTION AND BACKGROUND INFORMATION 

TtNUS, under contract with NAVFAC EFD SOUTH, is submitting this SAR for the Boca Chica Flying Club at 

NAS Key West, Florida.  This SAR was prepared on behalf of the Navy under Contract Number N62467-94-

D-0888, Contract Task Order (CTO) 0351.  

1.1 SITE LOCATION AND CONDITIONS 

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

The former Flying Club petroleum site is located along the northwest boundary of Taxiway H of Boca Chica 

Field, near Buildings A133, A126, and A128 (Figure 1-1) and was used as an aircraft parking and refueling 

area.  Figure 1-2 shows the site location on the United States Geological Survey (USGS) topographic 

quadrangle map.  The site is located in Section 29, Township 67 South Range 26 East.  The site 

topography is level and the elevation of the site is approximately 5 feet above mean sea level (msl).  The 

former Flying Club area includes a former motor pool refueling point that used USTs to store and dispense 

gasoline.  An aviation gasoline aboveground storage tank (AST) area was located approximately 50 feet 

south of the former motor pool refueling area.  The area is currently used as an electrical repair and 

maintenance facility (Building A126) and a hazardous waste storage area (Building A133).  A site map is 

presented in Figure 1-3. 

1.2 SITE HISTORY  

Building A126 was formerly used as a transportation facility and is currently used as an electrical 

maintenance and repair facility for arresting gear.  Building A133 is part of the former motor pool refueling 

point.  It has been used to store electrical equipment in the past, including transformers that contained 

PCBs.  It is now used as a hazardous waste storage facility.  Interviews with NAS Key West personnel 

indicate that the area in the vicinity of Building A133 may also have been used as an auto hobby shop and 

staging area.  The Boca Chica Flying Club was in operation until the late 1960s; however, no operations at 

the Flying Club itself are believed to have contributed to the chemicals detected on site.  Four ASTs were 

located adjacent to the Flying Club building and reportedly stored aviation fuel.  Three of the ASTs 

reportedly had capacities of 560 gallons, while the fourth had a reported capacity of 1,000 gallons.  The 

ASTs, fuel dispensers and associated piping were removed from the site in February 1992.  Past practices 

such as overfilling and possible leaks from these tank systems were the suspected cause of contamination 

at the site.  Discussions with site personnel indicated that USTs were associated with the motor pool 

refueling point and are believed to have contained motor fuel.  They were reportedly removed circa 1990, 

but physical details of the tanks and their exact location are unknown.   
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1.3 PREVIOUS INVESTIGATIONS 

Soils in the site area were field-screened with an Organic Vapor Analyzer (OVA) to assess for the presence 

of contaminated soil during the Contamination Assessment conducted in April 1994.  A total of 71 soil 

borings were advanced, each to 6 feet deep.  Screening results indicated the presence of excessively 

contaminated soils (as defined by FDEP as greater than 50 parts per million [ppm]) in four areas.  The 

largest area measured approximately 70 feet long by 40 feet wide and was located near Building A133.  

Smaller areas were noted near the former Aviation Gas (AVGAS) dispenser, north of Building A133, and 

between Buildings A133 and A126.  OVA readings greater than 500 ppm were identified in 20 samples. 

Groundwater samples were collected from all existing wells and analyzed for Kerosene Analytical Group 

(KAG) parameters during the Contamination Assessment that was conducted in April 1994.  The applicable 

Class G-III aquifer cleanup goals were exceeded for the compounds of benzene and total volatile organic 

aromatics (VOAs).  Two areas of VOA contamination were identified, one near the former AVGAS ASTs 

and dispenser and the other near the former motor pool USTs.  The highest total VOA concentrations found 

were near the former AVGAS dispenser, at 1,300 micrograms per liter (µg/l).  Total VOA concentrations in 

MW-6 and MW-20, near the former motor pool gasoline USTs, were 305 µg/l and 156 µg/l, respectively. 

The monitoring wells were resampled in August 1996, as part of the Remedial Action Plan (RAP) 

preparation.  The 1996 data indicated significant changes in the degree and extent of contamination found 

during the Contamination Assessment.  Total VOA concentrations in MW-4 were measured at 133 µg/l, 

putting the area of the former AVGAS dispenser within the Class III guidelines.  The total VOA 

concentrations for MW-6 and MW-20 were 1,470 µg/l and 35 µg/l, respectively.  Based on the most recent 

sampling results, the RAP recommended a remedial action consisting of excavation of contaminated soil 

(an estimated amount of 2,126 cubic yards).  The largest area recommended to be excavated was in the 

vicinity of the former motor pool USTs near Building A133. 

In 1998, excavations of contaminated soil took place, based on recommendations in the RAP.  

Approximately 983 cubic yards of soil were excavated from the Flying Club site.  The ion collider process 

was used to treat a portion of the contaminated soil.  The excavated areas at the Flying Club site were then 

backfilled (BEI, 1999). 

A quarterly groundwater monitoring plan was implemented in August 1999.  Total VOA results for MW-6 and 

MW-20 were 51 µg/l and 11 µg/l, respectively.  These VOA results were below the applicable cleanup 

guidelines.  However, naphthalene and TRPH concentrations increased in MW-20.  Due to the lack of 

substantial decreases in the concentrations of some contaminants following several quarters of groundwater 

monitoring, TtNUS recommended a treatability study be performed to investigate the efficacy of enhancing 

the degradation of contaminants under aerobic conditions.   
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In May 2002, an air sparge (AS)/soil vapor extraction (SVE) Treatability Study was initiated at the site to 

remediate residual hydrocarbon contaminants in the soil and groundwater (TtNUS, 2000).  The study was 

conducted in two phases:   

Phase I involved a short-term test to evaluate the effectiveness of the system, over-drilling, and removal of 

MW-2, including soils in the immediate vicinity of the well.   

Phase II was a long-term evaluation of the Treatability Study and involved monitoring of the system’s 

effectiveness for a period of one year.  The objective of Phase II was to remediate free product in 

groundwater in the vicinity of former MW-2 to undetectable levels. 

The long term AS/SVE study was terminated after two quarters due to funding constraints.  The results at 

that time; however, indicated a strong possibility that the concentration of residual hydrocarbons present in 

the soil and groundwater could be eliminated over time by natural attenuation processes.  

Following termination of the AS/SVE system, a quarterly monitoring program was implemented at the site.  

Samples were collected quarterly from three designated wells from May 2003 to May 2004.  Lead, 

ethylbenzene, naphthalene, 1-methylnaphthalene and 2-methylnaphthalene were detected above GCTLs in 

FC-MW-22 during the February and May 2004 quarterly events.  In addition, TRPH also exceeded GCTLs 

in FC-MW-22 during the May and August 2004 events.  These concentrations were an increase in levels 

since the termination of the AS/SVE system.  Since these concentrations did not meet the requirements for 

monitoring only at the current time, a site assessment to further investigate the soil and groundwater at the 

site to determine the source for the continuing elevated levels of contaminants was initiated. 
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2.0 SITE ASSESSMENT METHODOLOGY 

Site assessment activities were carried out at the Boca Chica Flying Club Site from July 2004 through 

January 2005.  Initially, a DPT investigation was conducted in July 2004 to the east, southeast and north of 

Building A133 to define the horizontal extent of contamination at the site and locate a possible source for the 

observed increase in chemical concentrations (Figure 2-1).  Soil samples were collected during this 

investigation for headspace screening and laboratory analysis.  Groundwater screening samples were also 

collected from selected soil borings for fixed-base laboratory analysis.  The selected screening samples 

were based on the flame ionization detector (FID) results of the soil in the saturated zone.  A second soil 

investigation was conducted in September 2004 to the west, southwest and north of Building A133 

(Figure 2-1) to investigate other possible sources of contamination due to the unexpectedly high chemical 

concentrations detected at the western boundary of sampling conducted in July 2004.  Based on the results 

of the two DPT investigations, monitoring wells were installed at the site in September 2004 (Figure 2-2).  

The typical monitoring well construction schematic is shown in Figure 2-3.  Soil and groundwater samples 

were collected during this event for off-site laboratory analysis.  A second groundwater sampling event was 

conducted in January 2005.  Aquifer properties were evaluated using data collected during the monitoring 

well elevation survey, tidal study, and static water level (SWL) measurements, along with referenced slug 

test data (conducted during the site assessment in 1994).  The results of the site assessment are discussed 

in Sections 3.0 and 4.0. 

2.1 QUALITY ASSURANCE 

The site assessment investigation was conducted in accordance with the Abbreviated CAP (TtNUS, 2004).  

Standard Operating Procedures (SOPs) prescribed by the Florida Department of Environmental Protection 

(FDEP) (FDEP, 2002) were followed.  Organic vapor measurements were made with a Photovac FID.  Prior 

to each day’s activities, all equipment was field calibrated in accordance with manufacturer directions.  

Equipment used to advance the soil borings, install monitoring wells, and collect soil or groundwater 

samples was decontaminated in accordance with FDEP SOP FC 1000. 

Soil, groundwater screening and monitoring well samples were collected in pre-preserved containers 

obtained from Katahdin Analytical Services in Westbrook, Maine.  The laboratory’s certification number is 

E87604.  Groundwater was analyzed for VOCs, SVOCs, pesticides, PCBs, TAL metals and tin.  Soils during 

the first event were also analyzed for TRPH.  Quality control samples (i.e., duplicates, equipment blanks, 

and trip blanks) were prepared and submitted to the laboratory.  Sampling activities were documented in a 

site-specific field logbook and samples were transmitted under chain-of-custody protocol to the laboratory. 
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2.2 GEOPHYSICAL INVESTIGATION 

Geophysical methods including electromagnetic (EM) equipment and ground penetrating radar (GPR) were 

used in September 2004 to perform a survey of the Flying Club Site.  The objectives of the survey were to 

identify and mark any utilities in the area and to investigate whether any unknown USTs remained at the 

site.  A Geonics EM61 High Sensitivity Metal Detector (EM61) was used to locate or detect the possible 

presence of metallic objects including metallic utilities and USTs.  GPR was used to investigate the possible 

presence of non-metallic utilities. 

2.2.1 EM61 High Sensitivity Metal Detector Survey 

The EM61 is a high-sensitivity, high-resolution time-domain metal detector that is used to detect both 

ferrous and non-ferrous metallic objects.  It consists of a transmitter that generates a pulsed primary 

magnetic field, inducing eddy currents in nearby metallic objects.  Two receiver coils measure the decay of 

these currents.  By making the measurements at a relatively long time interval after the primary pulse is 

transmitted, the response is practically independent of the electrical conductivity of the ground.  The EM61 

data were interpreted in real-time, and anomalies were marked in the field with pin flags or surveyors 

flagging tape. 

2.2.2 GPR Survey 

A GSSI SIR 3000 GPR device equipped with a 400 megahertz (MHz) transducer was used to perform the 

investigation.  GPR techniques are based upon the rapid and repetitive transmission of EM signals (pulses) 

generated from the device’s transducer and propagated into the subsurface.  The transmitted EM signal 

travels through the subsurface and is reflected at interfaces where contrasts in the electrical properties of 

the media are present.  Interfaces where GPR reflections occur include changes in soil mineralogy, soil 

texture, moisture content, or the presence of a buried man-made feature such as a utility, pipe, or concrete 

structure.  The device’s transducer receives the reflected portion of the transmitted EM signal.  The two-way 

travel time and reflected signal amplitude versus the horizontal distance the instrument has traveled are 

displayed on the output of the instrument.   

The time it takes a GPR signal to travel from the transducer, reflect off of a target, and return to the 

transducer is called the two-way reflection time.  Two-way reflection times are displayed in units of 

nanoseconds and vary depending on the electrical properties of the subsurface materials.  GPR signals in 

clayey soils, fill, shale, or saline groundwater attenuate rapidly due to the high conductivity, limiting the 

depths of investigation.  Conversely, the depth of investigation is often much greater in dry sandy soils 

relative to clayey soils.  The GPR data were interpreted in real-time and anomalies were marked in the field 

with pin flags or surveyors flagging tape. 
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2.2.3 Anomaly Locations 

The locations of the anomalies marked in the field were recorded with a Trimble PRO XRS Global 

Positioning System (GPS) device. 

2.2.4 Survey Results 

Numerous anomalies at shallow depths were detected with both the EM61 and the GPR.  Figure 2-4 shows 

these anomalies.  Several linear anomalies that may indicate utilities were identified during the survey.   

One anomaly detected to the southeast of Building A126 was identified as a previously undiscovered UST.  

This discovery is important because the UST may be an additional source of contamination at the site. 

2.3 SOIL BORING PROGRAM 

The soil screening investigation was conducted at the former Flying Club site to evaluate the presence of   

petroleum impacted soils at the site.  The soil screening investigation was conducted during two on site 

events.  Fifty eight soil borings (SB-1 through -58) were installed using DPT during the July 2004 event.  

The borings were installed on a twenty-foot grid, southeast, east, and north of Building A133.  A total of thirty 

seven soil borings (SB-59 through -93 and SS01 and SS-02) were installed during the September 2004 

event (Figure 2-1).  These borings were installed southwest, west and north of Building A133.  Soil samples 

from the vadose zone (0-4 feet bls) and the saturated zone (4-6 feet bls) were collected for headspace 

screening with a FID.  During the July 2004 investigation, selected soil borings were advanced below the 

water table in order to collect groundwater samples for laboratory analysis.  Groundwater screening 

activities are discussed in Section 2.5.1. 

2.3.1 Soil Core Sampling 

Soil borings for the preliminary assessment were advanced using DPT.  Fill material and Oolitic limestone 

was encountered in the soil borings.  Groundwater was encountered at approximately 4-6 feet below land 

surface (bls) during the July 2004 event and 3-4 feet during the September 2004 event.  The vadose zone 

was considered to be the interval above the saturated interval.  The site geologist logged the soil properties, 

including texture, color, soil moisture and OVA reading, for each soil core and noted whether staining or 

odors were present.  Since the soil borings were all at shallow depths and the lithology across the site did 

not vary much, only the lithologic logs for monitoring well installation are present in Appendix A.   

2.3.2 Soil Headspace Screening 

Soil samples were collected from the 0-2, 2-4 and 4-6 foot intervals at each location for headspace vapor 

screening in accordance with the procedures outlined in Section 62-770.200, FAC.  At each location, two 
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16-ounce glass jars were half-filled with the soil sample from the interval, quickly 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 sample 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.  However, no organic readings were detected in soil samples using the GAC filter.  Therefore, no 

calculations were necessary to determine the corrected FID response.   

2.4 SOIL SAMPLING PROGRAM 

Twenty one soil samples were collected for laboratory analysis to determine the presence of contaminated 

soil at the site.  Three samples were collected during the DPT program in July 2004 from borings with high, 

medium, and low FID readings.  During the September 2004 event, samples were collected from the six 

monitoring well borings from the 0-2 and 2-4 foot intervals.  One sample was collected from each of the two 

former excavation areas (SS01 and SS02) located north and west of Building A133.  The soil samples 

collected during the July 2004 event were analyzed for BTEX and MTBE by SW-846 Method 8260B, PAHs 

(including 1- and 2-methylnaphthalene) by SW-846 Method 8270C, and TRPH by the Florida Petroleum 

Range Organics (FL-PRO) method.  Samples collected during the September 2004 event were analyzed for 

VOCs, SVOCs, pesticides, PCBs, TAL metals, and tin.  The analytical validation reports are included in 

Appendix B. 

2.5 MONITORING WELL INSTALLATION PROGRAM 

Following the DPT investigation, six monitoring wells (each installed to 12 feet bls) were installed at the site.  

Four existing monitoring wells were also present on site.  The monitoring wells were used for groundwater 

sampling and collecting data to evaluate aquifer properties. 

2.5.1 Monitoring Well Locations 

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

and location for the wells.  Two wells (FCMW-23 and FCMW-24) were installed within an area of elevated 

contaminant concentrations.  Three wells (FCMW-25, FCMW-27 and FCMW-28) were installed northeast, 

southeast and west of Building A133 as delineation wells.  One well (FCMW-26) was installed in the former 

location of the ASTs.  Monitoring well locations are presented in Figure 2-2. 
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2.5.2  Monitoring Well Installation 

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

hollow-stem auger (HSA).  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 six new shallow wells 

were installed to 12 feet bls with a 10-foot screen.  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 an 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 for newly installed monitoring wells are summarized in 

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

2.5.3 Monitoring Well Development 

Each monitoring well was developed by using a submersible pump.  The wells were developed until the 

purge water became clear, normally when approximately 25 gallons had been removed. 

2.6 GROUNDWATER SAMPLING PROGRAM 

Groundwater screening samples were analyzed for PPL VOCs, PAHs and lead.  Groundwater samples 

collected from the monitoring wells were submitted to the off-site laboratory to be analyzed for VOCs, 

SVOCs, pesticides, PCBs, TAL metals and tin.   

2.6.1 DPT Groundwater Screening 

The groundwater screening investigation was conducted in July 2004 at the site to determine the presence 

of contaminated groundwater and to optimize placement of the monitoring wells.  The monitoring wells were 

used to determine the extent and concentration of contaminated groundwater at the site.  The DPT borings 

were installed in the vicinity of the former ASTs and extended northeast toward building A133, the location 

of the former motor pool refueling area.  A total of 95 soil borings were installed in the area, of which 

eighteen were advanced approximately 6-8 feet into the groundwater to collect a sample.  A length of 

polyethylene (PE) tubing was inserted to the bottom of the stainless steel DPT 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 bottles provided 

by the laboratory. 
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2.6.2 Monitoring Well Sampling 

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

These samples were collected using the low-flow quiescent purging and sampling method.  New Teflon® 

tubing was installed in each well for groundwater sampling.  Temperature, pH, specific conductivity, 

dissolved oxygen (DO), and turbidity were monitored while the wells were purged.  The field measurements, 

well purge volumes, and depths to groundwater were recorded during well purging and at the time of 

sample collection.  Groundwater sample log sheets are provided in Appendix A. 

Groundwater samples were analyzed for VOCs, (SW-846 Method 8260B) SVOCs (SW-846 Method 

8270C), pesticides, PCBs, TAL metals and tin.  The groundwater samples were placed on ice and shipped 

to Katahdin Analytical Services in Westbrook, Maine, for analysis.  Analytical validation reports are 

presented in Appendix B. 

2.7 AQUIFER CHARACTERIZATION PROGRAM 

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

Groundwater elevations were determined from SWL measurements and the well top of casing (TOC) 

elevation survey.   

2.7.1 Well TOC 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, Island Surveying and Mapping 

Company of Merritt Island, Florida.  The field survey data is included in Appendix C. 

2.7.2 SWL Measurements 

Depth-to-groundwater measurements were made in site monitoring wells during September 2004 and 

January 2005.  Measurements were made from the reference points marked on the tops of well casings 

using an electronic water level indicator to the nearest 0.01-foot.  Groundwater elevations were calculated 

from the TOC survey elevations and the SWL measurements. 

2.7.3 Tidal Study 

Three monitoring wells, FC-MW-5, FC-MW-26, FC-MW-27 were used to measure fluctuations in 

groundwater elevation and correlate these fluctuations with tides to determine the extent of tidal influence on 

the surficial aquifer in the site vicinity.  Prior to conducting the test, the monitoring wells were opened and 

allowed to equilibrate to atmospheric conditions.  A submersible data logger, the In-Situ MiniTroll, was then 

installed in each well and water levels were allowed to restabilize.  The lead wire from each data logger was 
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secured to its respective well to ensure that the data logger remained at a constant depth during the test.  

The data loggers were connected to a computer to begin the test and start recording water levels in the well.  

It was programmed to record water levels every 15 minutes.  The test was allowed to run for over 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.   
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TABLE 2-1 
 

MONITORING WELL CONSTRUCTION DETAILS 
BOCA CHICA FLYING CLUB 

SUPPLEMENTAL SITE ASSESSMENT REPORT 
NAVAL AIR STATION 
KEY WEST, FLORIDA 

 

Well 
No. 

Date 
Installed 

Drilling 
Method

TOC 
Elevation 

(above 
msl) 

Total Well
Depth 

(feet bls) 

Screened
Interval 

(feet bls) 

Well 
Diameter 
(inches) 

Lithology 
of 

Screened
Interval 

FC-MW-23 9/22/04 HSA 5.64 12 2-12 2 Oolitic 
limestone 

FC-MW-24 9/22/04 HSA 5.80 12 2-12 2 Oolitic 
limestone 

FC-MW-25 9/22/04 HSA 4.72 12 2-12 2 Oolitic 
limestone 

FC-MW-26 9/22/04 HSA 5.15 12 2-12 2 Oolitic 
limestone 

FC-MW-27 9/22/04 HSA 5.28 12 2-12 2 Oolitic 
limestone 

FC-MW-28 9/22/04 HSA 5.74 12 2-12 2 Oolitic 
limestone 

Notes:  
TOC elevations surveyed by Island Surveying and Mapping in May 2005 (NGVD 29). 
All monitoring wells are flush-mounted. 
HSA Hollow-stem auger 
TOC  Top of casing 
msl mean sea level 
bls below land surface 
NGVD National Geodetic Vertical Datum 
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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 are described for the surficial aquifer at the site.  Aquifer properties evaluated as part of the 

site assessment include 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 

Pleistocene Era.  The Lower 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 [Brown & Root Environmental (B&RE), 1997]. 

The surficial aquifer system 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 msl and fluctuates 

diurnally due to tidal effects.  Water in the surficial aquifer is non-potable. 

Boca Chica lies in the southeastern Coastal Plain physiographic province.  Pleistocene marine reefs control 

the topography of the Coastal Plain in the Florida Keys [ABB Environmental Services, Inc. (ABB), 1995].  

The topography of Boca Chica is generally flat.  Average land surface elevations are less than 5 feet above 

msl.   

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 where the majority of the soil borings were placed is mostly areas of brush and weeds with 

some paved areas adjacent to Building A133.  Light-brown-to-white, silty oolitic sandy limestone was 

present from the ground surface 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 A. 
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3.2 SITE HYDROGEOLOGY 

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

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

groundwater flow direction and hydraulic gradient for the surficial aquifer at the site.  The hydraulic 

conductivity for the surficial aquifer was obtained from slug tests conducted during the initial Site 

Assessment (ABB, 1994).  Groundwater flow velocity at the site was estimated from the hydraulic 

conductivity, hydraulic gradient, and estimated effective porosity. 

3.2.1 SWL and Groundwater Elevations 

SWL data were collected from site monitoring wells during gauging events in September 2004 and January 

2005.  The SWL data and the elevations from the well TOC survey were used to determine a groundwater 

elevation at each well for the gauging events.  Groundwater elevation measurements in shallow monitoring 

wells ranged from 1.95 to 2.03 feet during the September 2004 event and 1.24 to 1.84 feet during the 

January 2005 event (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 interpolated 

and plotted across the site based upon the known groundwater elevation in individual wells.  Groundwater 

flow direction is perpendicular to the isocontours.  Interpretation of data from the September 2004 and 

January 2005 gauging events indicated a flow to the northeast. 

3.2.3 Hydraulic Gradient 

The average hydraulic 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. 

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 
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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 September 25, 2004, the groundwater elevation in FCMW-27 was 1.95 feet and the groundwater 

elevation in FCMW-26 was 2.03 feet.  The horizontal distance parallel to groundwater flow was 205 feet.  

These data indicate an average hydraulic gradient of 0.0004 feet/foot. 

On January 28, 2004, the groundwater elevation in FCMW-27 was 1.46 feet and the groundwater elevation 

in FCMW-23 was 1.74 feet.  The horizontal distance parallel to groundwater flow was 130 feet.  These data 

indicate an average hydraulic gradient of 0.002 feet/foot. 

The groundwater elevations on September 25, 2004 were taken during a period of low tide, while the 

January 28, 2004 elevations were collected during high tide.  This explains the difference in hydraulic 

gradient of a magnitude of 1 between the two measuring events.  

The average of the two calculated gradient values is 0.001 feet/foot. 

3.2.4 Hydraulic Conductivity 

Hydraulic conductivity values for the site were obtained from the initial Site Assessment Report for Boca 

Chica Flying Club (ABB 1994).  ABB performed slug tests on two shallow wells on October 20, 1993.  The 

hydraulic conductivity (K) in the test was calculated using the Bouwer and Rice (1976, 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 vary from 0.43 ft/day to 1.36 ft/day with an average K of 

8.9 x 10-1 ft/ day.  The slug test data from the SAR is presented in Appendix E. 

3.2.5 Groundwater Flow Velocity 

Movement of groundwater in a porous medium is described by Darcy’s Law.  Darcy’s Law is expressed as: 

 V   =  (K x i) 
  n  

Where: 

 V = groundwater flow velocity 

 K = average hydraulic conductivity 

 n = effective porosity 

 i = average hydraulic gradient 
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Data from soil borings advanced during the DPT investigation indicate that oolitic limestone is the typical 

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

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

Setting K = 9.5 x 10-1 ft/ day for shallow groundwater flow, i = 0.001 feet/foot, and n=0.30, V for the shallow 

zone was calculated at 0.0031 feet per day. 

3.2.6 Potable Water Supply Well Survey 

No freshwater public or registered domestic wells are in use on NAS Key West (ABB, 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 (ABB, 1995).  

3.2.7 Tidal Influence 

Groundwater fluctuations were measured in three monitoring wells, FCMW-05, FCMW-26 and FCMW-27 

during a 48 hour period.  The maximum fluctuation was observed in monitoring well FCMW-05, with a 

fluctuation of approximately 0.001 feet in water level during the day cycle, while the night cycle was 0.046 

feet.  These fluctuations were compared to the tides recorded by the closest predicted tide station to the 

study area (Rockland Key Channel Bridge).  Maximum tidal fluctuations at the station were 1.4 feet during 

the day cycle and 0.9 feet during the night cycle.  The high and low water level measurements in the 

monitoring wells were observed approximately 30 minutes behind the measurements at the tide station.  As 

hypothesized, water-level data recorded from monitoring wells during the tidal study indicate that the 

groundwater cycles semi-diurnally with the tides.  This data suggests that there is a tidal influence on the 

surficial aquifer at the site.  The closest tidally influenced body of water is a marshy area of Florida Bay that 

is located approximately 1000 feet north and east of the site.  The data from the tidal survey is provided in 

Appendix D. 
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3.3 SURFACE WATER 

A marshy inlet of the Gulf of Mexico is located approximately 1,000 feet north and east of the site.  A lagoon 

is located 1,500 feet to the southeast of the study area.   
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TABLE 3-1 
 

GROUNDWATER ELEVATION SUMMARY 
BOCA CHICA FLYING CLUB 

SUPPLEMENTAL SITE ASSESSMENT REPORT 
NAVAL AIR STATION 
KEY WEST, FLORIDA 

 
Well No. FC-MW-19 FC-MW-22 FC-MW-23 FC-MW-24 FC-MW-25 
Well Diameter 2 inches 2 inches 2 inches 2 inches 2 inches 
Well Depth (bls) 12 12 12 12 12 
Screened Interval 
(bls) 2-12 2-12 2-12 2-12 2-12 

TOC Elevation 
(above msl) 5.31 5.06 5.64 5.80 4.72 

      
Date ELEV DTW FP ELEV DTW FP ELEV DTW FP ELEV DTW FP ELEV DTW FP 

9/29/04 1.95 3.36 ND 1.98 3.08 ND 1.98 3.66 ND 1.98 3.82 ND 1.98 2.74 ND 
1/28/05 1.46 3.85 ND 1.24 3.82 ND 1.74 3.90 ND 1.62 4.18 ND 1.64 3.08 ND 

 
Well No. FC-MW-26 FC-MW-27 FC-MW-28 
Well Diameter 2 inches 2 inches 2 inches 
Well Depth (bls) 12 12 12 
Screened Interval 
(bls) 2-12 2-12 2-12 

TOC Elevation 
(above msl) 5.15 5.28 5.74 

    
Date ELEV DTW FP ELEV DTW FP ELEV DTW FP 

9/29/2004 2.03 3.12 ND 1.95 3.33 0.06 2.00 3.74 ND 
1/28/05 1.58 3.57 ND 1.46 3.82 0.05 1.74 4.00 ND 

 
Well No. FC-MW-05 FC-MW-06 
Well Diameter 2 inches 2 inches 
Well Depth (bls) 12 12 
Screened Interval 
(bls) 2-12 2-12 

TOC Elevation 
(above msl) 5.78 4.86 

   
Date ELEV DTW FP ELEV DTW FP 

9/29/2004 1.99 3.79 ND 2.11 2.75 ND 
1/28/05 1.66 4.12 ND 1.84 3.02 ND 

NOTES:  
Measurements in feet except for well diameter. 
TOC elevations surveyed by Island Surveying and Mapping in August 2003, May 2004, and May 2005 (NGVD 29). 
TOC Top of casing 
ELEV Groundwater Elevation (msl) 
DTW Depth to water (below TOC) 
FP Free product thickness 
ND Not detected 
bls below land surface 
msl mean sea level  
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4.0 SITE ASSESSMENT RESULTS 

Soil samples were collected at the site for headspace screening and/or laboratory analysis.  Groundwater 

samples were collected from selected soil borings during the DPT investigation.  Monitoring wells were 

installed based on the results of the soil and groundwater assessment, and samples collected from newly 

and previously installed monitoring wells.  The results of groundwater analyses were compared to the FDEP 

GCTLs, listed in Chapter 62-777, FAC Table I. 

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.  Vadose 

zone soils were evaluated for headspace vapor screening.  A summary of detected soil FID screening 

results is presented in Table 4-1.  Soil boring locations and vapor readings are depicted on Figure 4-1.  

Excessively contaminated soil, as defined in Chapter 62-770.200(12), FAC was identified in two of the 

samples collected from the vadose zone. 

4.1.2 Laboratory Soil Sample Analysis 

During the July 2004 DPT investigation, soil samples were collected from three locations for laboratory 

analysis.  The samples were collected from the 2-4 ft interval at locations KWFCSB19-04, KWFCSB-28-04 

and KWFCSB-46-04.  These borings had the high, medium and low FID readings.  Soil samples were also 

collected from the 0-2 ft and 2-4 ft intervals from each of the monitoring well borings during the September 

2004 event.  The soil samples from the July 2004 event were analyzed for BTEX, MTBE, PAHs, and TRPH, 

while the samples from the September 2004 event were analyzed for VOC’s, SVOC’s, pesticides/PCBs, 

TAL metals and tin.  During the September 2004 event, one sample was collected from each of the two 

former excavation areas from the 0-2 ft and 2-4 ft intervals (SS01 and SS02).  Soil sample locations are 

presented in Figure 4-1.  Analytical validation reports can be found in Appendix B.  

Benzo(a)anthracene was the only contaminant detected above residential SCTLs in the borings from 

FCMW-24, FCMW-26 and FCSS-01.  No other petroleum constituents were detected in the soil samples.  

The soil analytical results are presented in Table 4-2 and shown in Figure 4-2.   
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4.2 GROUNDWATER ASSESSMENT RESULTS 

4.2.1 DPT Assessment 

Groundwater screening samples were collected from select soil borings that had elevated FID readings in 

the saturated zone (4 to 6 ft bls) during the DPT investigation.  Groundwater exceedances are depicted on 

Figure 4-3.  The groundwater samples were analyzed for PPL VOCs, BTEX, MTBE, and PAHs and lead.   

Several GCTLs were exceeded in groundwater screening samples.  Total naphthalenes (naphthalene, 

1 and 2-methylnaphthalene) exceeded their GCTLs in eleven of the samples collected.  The VOCs, 

benzene, ethylbenzene and total xylenes were in excess of their respective GCTL in three groundwater 

screening samples.  Lead was above the GCTL in seven of the borings.  The samples were collected from 

boreholes located immediately east of Building A133.  Building A133 was part of the former motor pool 

refueling point and location of the former USTs.  A second area of groundwater exceedances was located 

further to the southeast of Building A133.  One boring with an exceedance of naphthalene was found in the 

former location of the AST area.  The groundwater screening sample detections are shown in Table 4-3.  

Locations of all groundwater screening exceedances are shown on Figure 4-3.   

4.2.2 Monitoring Well Sampling 

Groundwater samples were collected from the ten on-site monitoring wells in September 2004 and analyzed 

at an off-site laboratory for VOCs, SVOCs, Pesticides, PCBs, TAL metals, and tin.  During the September 

2004 event, petroleum contaminant concentrations were detected above GCTLs in FC-MW-22, FC-MW-23 

and FC-MW-24.  Ethylbenzene was the only volatile compound to exceed its GCTLs with concentrations of 

32, 145 and 44 µg/L in monitoring wells FC-MW-22, FC-MW-23 and FC-MW-24, respectively.  Other VOCs 

detected below GCTLs were benzene, bromomethane, carbon disulfide, xylenes, and toluene.  As with the 

groundwater screening samples, the SVOCs, naphthalene and 2-methylnaphthalene were also detected in 

the samples collected.  These samples had levels of SVOCs above GCTLs.  The pesticide Alpha-BHC was 

also detected above its GCTL in FCMW-22 and FCMW-23.  Lead was detected above its GCTLs in three 

wells and aluminum was present above its GCTL in FC-MW-23 and FC-MW-27.  Several other metals were 

detected in the wells including arsenic, however all levels were below GCTLs.  September 2004 detections 

are reported in Table 4-4.  The locations of exceedances are shown on Figure 4-4.  

During the January 2005 sampling event, ethylbenzene was the only volatile compound that exceeded its 

GCTL in groundwater (FC-MW-23) with a concentration of 48 µg/L.  Naphthalene and 2-methylnaphthalene 

again exceeded their GCTLs in monitoring wells FC-MW-22, FC-MW-23 and FC-MW-24.  Lead was 

detected above its GCTL in FC-MW-22 and  FC-MW-24.  Other metals were also detected during the 

sampling event but were below GCTLs.  The pesticide Delta-BHC was detected in FC-MW-06 below its 
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GCTL.  Laboratory results are summarized in Table 4-5.  Groundwater exceedances are shown on 

Figure 4-5.   
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TABLE 4-1 
 

DETECTED SOIL HEADSPACE ANALYTICAL RESULTS 
BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 1 OF 2 
 

SOIL BORING 
LOCATION 

DATE 
COLLECTED 

DEPTH 
TO 

WATER 
(feet bls) 

SAMPLE 
INTERVAL 
(feet bls) 

TOTAL FID 
READING 

(ppm) 

FC-SB-07 7/18/04 5.5 4-6 117 
FC-SB-11 7/18/04 5.5 0-2 6.7 
FC-SB-12 7/18/04 5.5 4-6 617 
FC-SB-17 7/18/04 5.5 4-6 303 
FC-SB-18 7/18/04 5.5 4-6 75 
FC-SB-22 7/18/04 5.5 2-4 1.6 
FC-SB-22 7/18/04 5.5 4-6 2007 
FC-SB-26 7/18/04 5.5 4-6 4.2 
FC-SB-27 7/18/04 5.5 4-6 284 
FC-SB-28 7/18/04 5.5 2-4 225 
FC-SB-28 7/18/04 5.5 4-6 6521 
FC-SB-30 7/18/04 5.5 4-6 130 
FC-SB-31 7/18/04 5.5 4-6 4.2 
FC-SB-32 7/18/04 5.5 4-6 6500 
FC-SB-33 7/18/04 5.5 2-4 1.6 
FC-SB-33 7/18/04 5.5 4-6 183 
FC-SB-34 7/18/04 5.5 4-6 375 
FC-SB-35 7/18/04 5.5 4-6 2460 
FC-SB-37 7/18/04 5.5 0-2 20 
FC-SB-37 7/18/04 5.5 2-4 3.2 
FC-SB-37 7/18/04 5.5 4-6 4800 
FC-SB-38 7/18/04 5.5 4-6 3580 
FC-SB-39 7/18/04 5.5 4-6 285 
FC-SB-40 7/18/04 5.5 2-4 47 
FC-SB-40 7/18/04 5.5 4-6 6700 
FC-SB-42 7/18/04 5.5 4-6 6500 
FC-SB-43 7/18/04 5.5 4-6 86 
FC-SB-44 7/18/04 5.5 2-4 43 
FC-SB-44 7/18/04 5.5 4-6 23 
FC-SB-45 7/18/04 5.5 2-4 24 
FC-SB-45 7/18/04 5.5 4-6 84 
FC-SB-46 7/18/04 5.5 2-4 82 
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TABLE 4-1 
 

DETECTED SOIL HEADSPACE ANALYTICAL RESULTS 
BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 2 OF 2 
 

SOIL BORING 
LOCATION 

 
DATE 

COLLECTED 

DEPTH 
TO 

WATER 
(feet bls) 

SAMPLE 
INTERVAL 
(feet bls) 

TOTAL FID 
READING 

(ppm) 

FC-SB-46 7/20/04 5.0 4-6 10 
FC-SB-47 7/20/04 5.0 4-6 1340 
FC-SB-48 7/20/04 5.0 4-6 247 
FC-SB-49 7/20/04 5.0 2-4 33 
FC-SB-49 7/20/04 5.0 4-6 309 
FC-SB-50 7/20/04 5.0 0-2 33 
FC-SB-50 7/20/04 5.0 4-6 6500 
FC-SB-51 7/20/04 5.0 4-6 24 
FC-SB-52 7/20/04 5.0 4-6 178 
FC-SB-53 7/20/04 5.0 4-6 320 
FC-SB-54 7/20/04 5.0 4-6 3400 
FC-SB-73 9/21/04 3-4 2-4 3200 
FC-SB-83 9/21/04 3-4 2-4 3180 
FC-SB-84 9/21/04 3-4 2-4 178 
FC-SB-85 9/21/04 3-4 2-4 3000 

Notes: 
All samples with positive FID readings were measured a second time using the FID 
with a GAC filter for vapor readings due to organic constituents.  However, no 
response was observed on any sample, therefore, the Total FID reading is only shown 
in the table. 

bls Below land surface 
ppm Parts per million 
FID Flame Ionization Detector 
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TABLE 4-2 
 

SOIL ANALYTICAL RESULTS, JULY 2004 
BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

 
DEPTH 

(feet bls) LOCATION PARAMETER 
RESULT 
(mg/kg) QUAL.(a)

SCTL(b) 

(mg/kg) 
2 -4 KWFCSB46-04-0704 BENZO(A)ANTHRACENE 110 J 1400 
2 -4 KWFCSB46-04-0704 BENZO(A)PYRENE 98 J 100 
2 -4 KWFCSB46-04-0704 BENZO(B)FLUORANTHENE 110 J 1400 
2 -4 KWFCSB46-04-0704 BENZO(K)FLUORANTHENE 96 J 15000 
2 -4 KWFCSB46-04-0704 CHRYSENE 99 J 140000 
2 -4 KWFCSB46-04-0704 FLUORANTHENE 89 J 2900000 
2 -4 KWFCSB46-04-0704 PYRENE 120 J 2200000 
2 -4 KWFCSB28-04-0704 TOTAL PETROLEUM HYDROCARBONS 50  340 
2 -4 KWFCSB46-04-0704 TOTAL PETROLEUM HYDROCARBONS 49 J 340 

Notes: 
The notation “-AVG” indicates that duplicate samples were collected and averaged for the reported result. 
(a) Qualifier (Qual.)Codes: 

J – The result is an estimated quantity. 
(b)  Soil Cleanup Target Level (SCTL), Residential Criteria for direct exposure as listed in Chapter 62-777, FAC, Table II. 
bls  below land surface 
mg/kg milligram per kilogram 
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TABLE 4-3 
 

SOIL ANALYTICAL RESULTS, SEPTEMBER 2004 
BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 1 OF 6 
 

Depth Location Parameter Results Qual. SCTL 
0-2 KWFCSB-MW23-02-0904 ALUMINUM 46.3  
0-4 KWFCSB-MW23-04-0904-AVG ALUMINUM 44.35  
0-2 KWFCSB-MW24-02-0904 ALUMINUM 1930  
0-4 KWFCSB-MW24-04-0904 ALUMINUM 103  
0-2 KWFCSB-MW25-02-0904 ALUMINUM 51.5  
0-4 KWFCSB-MW25-04-0904 ALUMINUM 39.8  
0-2 KWFCSB-MW26-02-0904 ALUMINUM 298  
0-4 KWFCSB-MW26-04-0904 ALUMINUM 47  
0-2 KWFCSB-MW27-02-0904 ALUMINUM 43.8  
0-2 KWFCSB-MW28-02-0904 ALUMINUM 504  
0-4 KWFCSB-MW28-04-0904 ALUMINUM 69.3  
0-2 KWFCSB-SS01-02-0904 ALUMINUM 253  
0-4 KWFCSB-SS01-04-0904 ALUMINUM 190  
0-2 KWFCSB-SS02-02-0904 ALUMINUM 263  
0-4 KWFCSB-SS02-04-0904 ALUMINUM 161  

80000 

0-2 KWFCSB-MW23-02-0904 ANTIMONY 0.27  
0-2 KWFCSB-MW24-02-0904 ANTIMONY 1.2  
0-2 KWFCSB-MW25-02-0904 ANTIMONY 0.18  
0-2 KWFCSB-MW28-02-0904 ANTIMONY 0.32  

27 

0-2 KWFCSB-MW23-02-0904 ARSENIC 0.78  
0-4 KWFCSB-MW23-04-0904-AVG ARSENIC 0.2275(1)  
0-2 KWFCSB-MW24-02-0904 ARSENIC 1.6  
0-4 KWFCSB-MW24-04-0904 ARSENIC 0.32  
0-2 KWFCSB-MW25-02-0904 ARSENIC 0.24  
0-4 KWFCSB-MW25-04-0904 ARSENIC 0.3  
0-2 KWFCSB-MW26-02-0904 ARSENIC 0.38  
0-4 KWFCSB-MW26-04-0904 ARSENIC 0.26  
0-2 KWFCSB-MW28-02-0904 ARSENIC 0.75  
0-4 KWFCSB-SS01-02-0904 ARSENIC 0.85  
0-4 KWFCSB-SS01-04-0904 ARSENIC 0.62  
0-2 KWFCSB-SS02-02-0904 ARSENIC 1.9  
0-4 KWFCSB-SS02-04-0904 ARSENIC 0.36  

2.1 

0-2 KWFCSB-MW23-02-0904 BARIUM 10.6  
0-4 KWFCSB-MW23-04-0904-AVG BARIUM 7.2  
0-2 KWFCSB-MW24-02-0904 BARIUM 26.8  
0-4 KWFCSB-MW24-04-0904 BARIUM 6.2  
0-2 KWFCSB-MW25-02-0904 BARIUM 6.8  
0-4 KWFCSB-MW25-04-0904 BARIUM 6.7  

120 
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TABLE 4-3 
 

SOIL ANALYTICAL RESULTS, SEPTEMBER 2004 
BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 2 OF 6 
 

Depth Location Parameter Results Qual. SCTL 
0-2 KWFCSB-MW26-02-0904 BARIUM 47.3  
0-4 KWFCSB-MW26-04-0904 BARIUM 9.4  
0-2 KWFCSB-MW27-02-0904 BARIUM 8  
0-4 KWFCSB-MW27-04-0904 BARIUM 7.6  
0-2 KWFCSB-MW28-02-0904 BARIUM 9.9  
0-4 KWFCSB-MW28-04-0904 BARIUM 7  
0-2 KWFCSB-SS01-02-0904 BARIUM 8.5  
0-4 KWFCSB-SS01-04-0904 BARIUM 7.6  
0-2 KWFCSB-SS02-02-0904 BARIUM 12.1  
0-4 KWFCSB-SS02-04-0904 BARIUM 7.7  

120 

0-2 KWFCSB-MW24-02-0904 CADMIUM 1  
0-2 KWFCSB-MW26-02-0904 CADMIUM 0.55  
0-2 KWFCSB-MW28-02-0904 CADMIUM 0.46  

82 

0-2 KWFCSB-MW23-02-0904 CHROMIUM 1.9  
0-4 KWFCSB-MW23-04-0904-AVG CHROMIUM 1.85  
0-2 KWFCSB-MW24-02-0904 CHROMIUM 9.9  
0-4 KWFCSB-MW24-04-0904 CHROMIUM 2.2  
0-2 KWFCSB-MW25-02-0904 CHROMIUM 1.8  
0-4 KWFCSB-MW25-04-0904 CHROMIUM 1.6  
0-2 KWFCSB-MW26-02-0904 CHROMIUM 5.1  
0-4 KWFCSB-MW26-04-0904 CHROMIUM 2  
0-2 KWFCSB-MW27-02-0904 CHROMIUM 1.6  
0-4 KWFCSB-MW27-04-0904 CHROMIUM 1.7  
0-2 KWFCSB-MW28-02-0904 CHROMIUM 2.6  
0-4 KWFCSB-MW28-04-0904 CHROMIUM 1.9  
0-2 KWFCSB-SS01-02-0904 CHROMIUM 3.1  
0-4 KWFCSB-SS01-04-0904 CHROMIUM 2.5  
0-2 KWFCSB-SS02-02-0904 CHROMIUM 3  
0-4 KWFCSB-SS02-04-0904 CHROMIUM 2.1  

210 

0-2 KWFCSB-MW24-02-0904 COBALT 0.6  1700 
0-2 KWFCSB-MW23-02-0904 COPPER 1.6  
0-4 KWFCSB-MW23-04-0904-AVG COPPER 0.95  
0-2 KWFCSB-MW24-02-0904 COPPER 18.8  
0-4 KWFCSB-MW24-04-0904 COPPER 1.5  
0-2 KWFCSB-MW25-02-0904 COPPER 0.93  
0-4 KWFCSB-MW25-04-0904 COPPER 0.88  
0-2 KWFCSB-MW26-02-0904 COPPER 7.2  
0-4 KWFCSB-MW26-04-0904 COPPER 1.5  

150 
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TABLE 4-3 
 

SOIL ANALYTICAL RESULTS, SEPTEMBER 2004 
BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 3 OF 6 
 

Depth Location Parameter Results Qual. SCTL 
0-2 KWFCSB-MW27-02-0904 COPPER 0.88  
0-4 KWFCSB-MW27-04-0904 COPPER 1  
0-2 KWFCSB-MW28-02-0904 COPPER 6.1  
0-4 KWFCSB-MW28-04-0904 COPPER 1.1  
0-2 KWFCSB-SS01-02-0904 COPPER 3.9  
0-4 KWFCSB-SS01-04-0904 COPPER 2.3  
0-2 KWFCSB-SS02-02-0904 COPPER 5.8  
0-4 KWFCSB-SS02-04-0904 COPPER 2.1  

150 

0-2 KWFCSB-MW23-02-0904 IRON 39.4  
0-4 KWFCSB-MW23-04-0904-AVG IRON 30.35  
0-2 KWFCSB-MW24-02-0904 IRON 2630  
0-4 KWFCSB-MW24-04-0904 IRON 73.7  
0-2 KWFCSB-MW25-02-0904 IRON 28.4  
0-4 KWFCSB-MW25-04-0904 IRON 16.5  
0-2 KWFCSB-MW26-02-0904 IRON 1320  
0-4 KWFCSB-MW26-04-0904 IRON 97.2  
0-2 KWFCSB-MW27-02-0904 IRON 22.4  
0-4 KWFCSB-MW27-04-0904 IRON 18.6  
0-2 KWFCSB-MW28-02-0904 IRON 417  
0-4 KWFCSB-MW28-04-0904 IRON 43.8  
0-2 KWFCSB-SS01-02-0904 IRON 274  
0-4 KWFCSB-SS01-04-0904 IRON 158  
0-2 KWFCSB-SS02-02-0904 IRON 366  
0-4 KWFCSB-SS02-04-0904 IRON 210  

53000 

0-2 KWFCSB-MW23-02-0904 LEAD 5.3  
0-2 KWFCSB-MW24-02-0904 LEAD 182  
0-2 KWFCSB-MW25-02-0904 LEAD 11.2  
0-4 KWFCSB-MW25-04-0904 LEAD 11.9  
0-2 KWFCSB-MW26-02-0904 LEAD 40.9  
0-2 KWFCSB-SS01-02-0904 LEAD 8  
0-4 KWFCSB-SS01-04-0904 LEAD 8.1  
0-2 KWFCSB-SS02-02-0904 LEAD 23.9  
0-4 KWFCSB-SS02-04-0904 LEAD 5.7  

400 

0-2 KWFCSB-MW23-02-0904 MANGANESE 0.99  
0-4 KWFCSB-MW23-04-0904-AVG MANGANESE 0.83  
0-2 KWFCSB-MW24-02-0904 MANGANESE 25.4  
0-4 KWFCSB-MW24-04-0904 MANGANESE 2.3  
0-2 KWFCSB-MW25-02-0904 MANGANESE 0.87  

3500 
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TABLE 4-3 
 

SOIL ANALYTICAL RESULTS, SEPTEMBER 2004 
BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 4 OF 6 
 

Depth Location Parameter Results Qual. SCTL 
0-2 KWFCSB-MW26-02-0904 MANGANESE 9.7  
0-4 KWFCSB-MW26-04-0904 MANGANESE 2.2  
0-2 KWFCSB-MW27-02-0904 MANGANESE 0.78  
0-2 KWFCSB-MW28-02-0904 MANGANESE 9.8  
0-4 KWFCSB-MW28-04-0904 MANGANESE 1.3  
0-2 KWFCSB-SS01-02-0904 MANGANESE 60.9  
0-4 KWFCSB-SS01-04-0904 MANGANESE 44.5  
0-2 KWFCSB-SS02-02-0904 MANGANESE 62.6  
0-4 KWFCSB-SS02-04-0904 MANGANESE 37.4  

3500 

0-2 KWFCSB-MW24-02-0904 MERCURY 0.01  3.0 
0-4 KWFCSB-MW23-04-0904-AVG THALLIUM 0.295(1)  
0-4 KWFCSB-MW27-04-0904 THALLIUM 1.2  

6.1 

0-2 KWFCSB-MW23-02-0904 VANADIUM 1.1  
0-4 KWFCSB-MW23-04-0904-AVG VANADIUM 1.04  
0-2 KWFCSB-MW24-02-0904 VANADIUM 2.6  
0-4 KWFCSB-MW24-04-0904 VANADIUM 0.76  
0-2 KWFCSB-MW25-02-0904 VANADIUM 0.98  
0-4 KWFCSB-MW25-04-0904 VANADIUM 0.89  
0-2 KWFCSB-MW26-02-0904 VANADIUM 1.7  
0-4 KWFCSB-MW26-04-0904 VANADIUM 1.7  
0-2 KWFCSB-MW27-02-0904 VANADIUM 0.64  
0-4 KWFCSB-MW27-04-0904 VANADIUM 0.94  
0-2 KWFCSB-MW28-02-0904 VANADIUM 1.2  
0-4 KWFCSB-MW28-04-0904 VANADIUM 0.68  
0-2 KWFCSB-SS01-02-0904 VANADIUM 1.6  
0-4 KWFCSB-SS01-04-0904 VANADIUM 0.88  
0-2 KWFCSB-SS02-02-0904 VANADIUM 1.3  
0-4 KWFCSB-SS02-04-0904 VANADIUM 0.69  

67 

0-2 KWFCSB-MW23-02-0904 ZINC 11  
0-2 KWFCSB-MW24-02-0904 ZINC 68  
0-2 KWFCSB-MW26-02-0904 ZINC 21.2  
0-2 KWFCSB-MW28-02-0904 ZINC 12.8  
0-2 KWFCSB-SS01-02-0904 ZINC 11.1  
0-4 KWFCSB-SS01-04-0904 ZINC 7.5  
0-2 KWFCSB-SS02-02-0904 ZINC 12.7  
0-4 KWFCSB-SS02-04-0904 ZINC 5.9  

26000 

0-2 KWFCSB-MW24-02-0904 ACENAPHTHYLENE 42 J 1800000 
0-2 KWFCSB-MW24-02-0904 BENZO(A)ANTHRACENE 39 J 1400 
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Depth Location Parameter Results Qual. SCTL 
0-2 KWFCSB-MW26-02-0904 BENZO(A)ANTHRACENE 37 J 1400 
0-2 KWFCSB-MW24-02-0904 BENZO(A)PYRENE 230 J 
0-2 KWFCSB-MW26-02-0904 BENZO(A)PYRENE 240 J 
0-2 KWFCSB-SS01-02-0904 BENZO(A)PYRENE 200 J 

100 

0-2 KWFCSB-MW24-02-0904 BENZO(B)FLUORANTHENE 310 J 
0-2 KWFCSB-MW26-02-0904 BENZO(B)FLUORANTHENE 270 J 

1400 

0-2 KWFCSB-MW24-02-0904 BENZO(G,H,I)PERYLENE 81 J 
0-2 KWFCSB-MW26-02-0904 BENZO(G,H,I)PERYLENE 78 J 

2500 

0-2 KWFCSB-MW24-02-0904 BENZO(K)FLUORANTHENE 81 J 
0-2 KWFCSB-MW26-02-0904 BENZO(K)FLUORANTHENE 66 J 

15000 

0-2 KWFCSB-MW24-02-0904 CHRYSENE 120 J 
0-2 KWFCSB-MW26-02-0904 CHRYSENE 50 J 

140000 

0-2 KWFCSB-MW24-02-0904 FLUORANTHENE 350 J 
0-2 KWFCSB-MW26-02-0904 FLUORANTHENE 280 J 
0-2 KWFCSB-SS01-02-0904 FLUORANTHENE 240 J 
0-2 KWFCSB-SS02-02-0904 FLUORANTHENE 240 J 

3200000 

0-2 KWFCSB-MW24-02-0904 INDENO(1,2,3-CD)PYRENE 74 J 
0-2 KWFCSB-MW26-02-0904 INDENO(1,2,3-CD)PYRENE 78 J 
0-2 KWFCSB-SS01-02-0904 INDENO(1,2,3-CD)PYRENE 56 J 

1500 

0-2 KWFCSB-MW24-02-0904 PYRENE 120 J 2400000 
0-4 KWFCSB-SS01-04-0904 ACETONE 17 J 
0-2 KWFCSB-SS02-02-0904 ACETONE 15 J 

11000 

0-4 KWFCSB-MW23-04-0904-AVG BROMOMETHANE 20.5(1) J 3100 
0-4 KWFCSB-MW23-04-0904-AVG CHLOROFORM 4.5(1) J 
0-2 KWFCSB-MW24-02-0904 CHLOROFORM 0.7 J 
0-4 KWFCSB-MW24-04-0904 CHLOROFORM 0.6 J 
0-2 KWFCSB-MW25-02-0904 CHLOROFORM 0.7 J 
0-4 KWFCSB-MW25-04-0904 CHLOROFORM 0.8 J 
0-2 KWFCSB-MW26-02-0904 CHLOROFORM 0.4 J 
0-2 KWFCSB-MW27-02-0904 CHLOROFORM 1 J 
0-4 KWFCSB-MW28-04-0904 CHLOROFORM 1 J 
0-2 KWFCSB-SS01-02-0904 CHLOROFORM 0.9 J 
0-4 KWFCSB-SS02-04-0904 CHLOROFORM 0.7 J 

400 

0-4 KWFCSB-MW23-04-0904-AVG METHYL IODIDE 32.5(1) J 0 
0-4 KWFCSB-MW23-04-0904-AVG METHYLENE CHLORIDE 51.5(1) J 17000 
0-4 KWFCSB-MW28-04-0904 TRICHLOROFLUOROMETHANE 2 J 
0-4 KWFCSB-SS01-04-0904 TRICHLOROFLUOROMETHANE 0.8 J 
0-4 KWFCSB-SS02-04-0904 TRICHLOROFLUOROMETHANE 3 J 

270000 
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Depth Location Parameter Results Qual. SCTL 
0-2 KWFCSB-MW24-02-0904 AROCLOR-1260 92  
0-2 KWFCSB-MW26-02-0904 AROCLOR-1260 20 J 

500 

0-2 KWFCSB-SS02-02-0904 4,4’-DDD 1.7 J 4200 
0-2 KWFCSB-MW24-02-0904 4,4’-DDE 1.9 J 
0-2 KWFCSB-MW26-02-0904 4,4’-DDE 31  
0-2 KWFCSB-SS01-02-0904 4,4’-DDE 4.7 J 
0-2 KWFCSB-SS02-02-0904 4,4’-DDE 8.7  
0-2 KWFCSB-MW24-02-0904 4,4’-DDT 9.8 J 
0-2 KWFCSB-MW26-02-0904 4,4’-DDT 14  
0-2 KWFCSB-SS01-02-0904 4,4’-DDT 2.6 J 
0-2 KWFCSB-SS02-02-0904 4,4’-DDT 4.3 J 

2900 

Shading indicates an exceedance of the GCTL. 
(a) Qualifier (Qual.): 
 J – The result is an estimated quantity. 
(b) Groundwater Cleanup Target Level (GCTL) as defined in Chapter 62-777, FAC, Table I. 
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LOCATION PARAMETER 
RESULT

(µg/L) VAL_QUAL 
FL 

GCTL EXCEED 
KWFCGS-07-0704 LEAD 1.8  15  
KWFCGS-27-0704 LEAD 6.9  15  
KWFCGS-28-0704 LEAD 19.6  15 EXCEED 
KWFCGS-30-0704 LEAD 14  15  
KWFCGS-32-0704 LEAD 20.1  15 EXCEED 
KWFCGS-32-0704-D LEAD 14.8  15  
KWFCGS-35-0704 LEAD 6.9  15  
KWFCGS-36-0704 LEAD 13.8  15  
KWFCGS-37-0704 LEAD 69.4  15 EXCEED 
KWFCGS-38-0704 LEAD 16.2  15 EXCEED 
KWFCGS-40-0704 LEAD 24.5  15 EXCEED 
KWFCGS-42-0704-D LEAD 3.5  15  
KWFCGS-49-0704 LEAD 9.4  15  
KWFCGS-50-0704 LEAD 6  15  
KWFCGS-54-0704 LEAD 30  15 EXCEED 
KWFCGS-55-0704 LEAD 31.5  15 EXCEED 
KWFCGS-22-0704 BENZENE 0.5 J 1  
KWFCGS-26-0704 BENZENE 0.3 J 1  
KWFCGS-28-0704 BENZENE 0.6 J 1  
KWFCGS-36-0704 BENZENE 1 J 1  
KWFCGS-37-0704 BENZENE 0.1 J 1  
KWFCGS-38-0704 BENZENE 0.2 J 1  
KWFCGS-40-0704 BENZENE 710  1 EXCEED 
KWFCGS-49-0704 BENZENE 21  1 EXCEED 
KWFCGS-54-0704 BENZENE 0.2 J 1  
KWFCGS-55-0704 BENZENE 0.3 J 1  
KWFCGS-07-0704 ETHYLBENZENE 2  30  
KWFCGS-22-0704 ETHYLBENZENE 0.2 J 30  
KWFCGS-26-0704 ETHYLBENZENE 5  30  
KWFCGS-27-0704 ETHYLBENZENE 1 J 30  
KWFCGS-28-0704 ETHYLBENZENE 11  30  
KWFCGS-30-0704 ETHYLBENZENE 39  30 EXCEED 
KWFCGS-32-0704 ETHYLBENZENE 3  30  
KWFCGS-32-0704-D ETHYLBENZENE 3  30  
KWFCGS-35-0704 ETHYLBENZENE 5  30  
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LOCATION PARAMETER 
RESULT

(µg/L) VAL_QUAL 
FL 

GCTL EXCEED 
KWFCGS-36-0704 ETHYLBENZENE 3  30  
KWFCGS-37-0704 ETHYLBENZENE 2  30  
KWFCGS-38-0704 ETHYLBENZENE 1  30  
KWFCGS-40-0704 ETHYLBENZENE 1200  30 EXCEED 
KWFCGS-42-0704 ETHYLBENZENE 13  30  
KWFCGS-42-0704-D ETHYLBENZENE 12  30  
KWFCGS-49-0704 ETHYLBENZENE 19  30  
KWFCGS-50-0704 ETHYLBENZENE 6  30  
KWFCGS-54-0704 ETHYLBENZENE 1  30  
KWFCGS-55-0704 ETHYLBENZENE 0.3 J 30  
KWFCGS-58-0704 ETHYLBENZENE 0.6 J 30  
KWFCGS-07-0704 M+P-XYLENES 1 J 20  
KWFCGS-26-0704 M+P-XYLENES 4  20  
KWFCGS-27-0704 M+P-XYLENES 0.4 J 20  
KWFCGS-28-0704 M+P-XYLENES 4  20  
KWFCGS-30-0704 M+P-XYLENES 21  20 EXCEED 
KWFCGS-32-0704 M+P-XYLENES 4  20  
KWFCGS-32-0704-D M+P-XYLENES 4  20  
KWFCGS-35-0704 M+P-XYLENES 3  20  
KWFCGS-36-0704 M+P-XYLENES 2  20  
KWFCGS-37-0704 M+P-XYLENES 4  20  
KWFCGS-38-0704 M+P-XYLENES 0.7 J 20  
KWFCGS-40-0704 M+P-XYLENES 660  20 EXCEED 
KWFCGS-42-0704 M+P-XYLENES 4  20  
KWFCGS-42-0704-D M+P-XYLENES 4  20  
KWFCGS-49-0704 M+P-XYLENES 60  20 EXCEED 
KWFCGS-50-0704 M+P-XYLENES 2 J 20  
KWFCGS-54-0704 M+P-XYLENES 2  20  
KWFCGS-58-0704 M+P-XYLENES 0.4 J 20  
KWFCGS-07-0704 O-XYLENE 0.2 J 20  
KWFCGS-30-0704 O-XYLENE 3  20  
KWFCGS-32-0704 O-XYLENE 0.4 J 20  
KWFCGS-32-0704-D O-XYLENE 0.4 J 20  
KWFCGS-36-0704 O-XYLENE 0.2 J 20  
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LOCATION PARAMETER 
RESULT

(µg/L) VAL_QUAL 
FL 

GCTL EXCEED 
KWFCGS-42-0704 O-XYLENE 0.4 J 20  
KWFCGS-42-0704-D O-XYLENE 0.5 J 20  
KWFCGS-49-0704 O-XYLENE 4  20  
KWFCGS-50-0704 O-XYLENE 0.3 J 20  
KWFCGS-54-0704 O-XYLENE 0.3 J 20  
KWFCGS-07-0704 TOLUENE 0.2 J 40  
KWFCGS-22-0704 TOLUENE 0.2 J 40  
KWFCGS-26-0704 TOLUENE 0.3 J 40  
KWFCGS-30-0704 TOLUENE 1 J 40  
KWFCGS-32-0704 TOLUENE 0.2 J 40  
KWFCGS-32-0704-D TOLUENE 0.2 J 40  
KWFCGS-36-0704 TOLUENE 0.2 J 40  
KWFCGS-37-0704 TOLUENE 0.2 J 40  
KWFCGS-38-0704 TOLUENE 0.2 J 40  
KWFCGS-40-0704 TOLUENE 110  40 EXCEED 
KWFCGS-42-0704-D TOLUENE 0.2 J 40  
KWFCGS-49-0704 TOLUENE 11  40  
KWFCGS-50-0704 TOLUENE 0.3 J 40  
KWFCGS-54-0704 TOLUENE 0.2 J 40  
KWFCGS-55-0704 TOLUENE 0.2 J 40  
KWFCGS-58-0704 TOLUENE 0.2 J 40  
KWFCGS-07-0704 TOTAL XYLENES 1.2 J 20  
KWFCGS-26-0704 TOTAL XYLENES 4  20  
KWFCGS-27-0704 TOTAL XYLENES 0.4 J 20  
KWFCGS-28-0704 TOTAL XYLENES 4 J 20  
KWFCGS-30-0704 TOTAL XYLENES 24  20 EXCEED 
KWFCGS-32-0704 TOTAL XYLENES 4.4  20  
KWFCGS-32-0704-D TOTAL XYLENES 4.4  20  
KWFCGS-35-0704 TOTAL XYLENES 3 J 20  
KWFCGS-36-0704 TOTAL XYLENES 2.2 J 20  
KWFCGS-37-0704 TOTAL XYLENES 4  20  
KWFCGS-38-0704 TOTAL XYLENES 0.7 J 20  
KWFCGS-40-0704 TOTAL XYLENES 660  20 EXCEED 
KWFCGS-42-0704 TOTAL XYLENES 4.4  20  
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RESULT
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FL 

GCTL EXCEED 
KWFCGS-42-0704-D TOTAL XYLENES 4.5  20  
KWFCGS-49-0704 TOTAL XYLENES 64  20 EXCEED 
KWFCGS-50-0704 TOTAL XYLENES 2.3 J 20  
KWFCGS-54-0704 TOTAL XYLENES 2.3 J 20  
KWFCGS-55-0704 TOTAL XYLENES 0.4 J 20  
KWFCGS-07-0704 1-METHYLNAPHTHALENE 17  20  
KWFCGS-22-0704 1-METHYLNAPHTHALENE 19  20  
KWFCGS-26-0704 1-METHYLNAPHTHALENE 25  20 EXCEED 
KWFCGS-27-0704 1-METHYLNAPHTHALENE 8.9  20  
KWFCGS-28-0704 1-METHYLNAPHTHALENE 48  20 EXCEED 
KWFCGS-30-0704 1-METHYLNAPHTHALENE 53  20 EXCEED 
KWFCGS-32-0704 1-METHYLNAPHTHALENE 22  20 EXCEED 
KWFCGS-32-0704-D 1-METHYLNAPHTHALENE 28  20 EXCEED 
KWFCGS-35-0704 1-METHYLNAPHTHALENE 1.4  20  
KWFCGS-36-0704 1-METHYLNAPHTHALENE 2 J 20  
KWFCGS-37-0704 1-METHYLNAPHTHALENE 12  20  
KWFCGS-38-0704 1-METHYLNAPHTHALENE 19  20  
KWFCGS-40-0704 1-METHYLNAPHTHALENE 86  20 EXCEED 
KWFCGS-42-0704 1-METHYLNAPHTHALENE 12  20  
KWFCGS-42-0704-D 1-METHYLNAPHTHALENE 10  20  
KWFCGS-49-0704 1-METHYLNAPHTHALENE 84  20 EXCEED 
KWFCGS-50-0704 1-METHYLNAPHTHALENE 26  20 EXCEED 
KWFCGS-54-0704 1-METHYLNAPHTHALENE 13  20  
KWFCGS-58-0704 1-METHYLNAPHTHALENE 0.39  20  
KWFCGS-07-0704 2-METHYLNAPHTHALENE 0.81  20  
KWFCGS-22-0704 2-METHYLNAPHTHALENE 9.3  20  
KWFCGS-26-0704 2-METHYLNAPHTHALENE 50  20 EXCEED 
KWFCGS-27-0704 2-METHYLNAPHTHALENE 19  20  
KWFCGS-28-0704 2-METHYLNAPHTHALENE 110  20 EXCEED 
KWFCGS-30-0704 2-METHYLNAPHTHALENE 90  20 EXCEED 
KWFCGS-32-0704 2-METHYLNAPHTHALENE 34  20 EXCEED 
KWFCGS-32-0704-D 2-METHYLNAPHTHALENE 43  20 EXCEED 
KWFCGS-35-0704 2-METHYLNAPHTHALENE 0.61  20  
KWFCGS-36-0704 2-METHYLNAPHTHALENE 1.4 J 20  
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LOCATION PARAMETER 
RESULT

(µg/L) VAL_QUAL 
FL 

GCTL EXCEED 
KWFCGS-37-0704 2-METHYLNAPHTHALENE 15  20  
KWFCGS-38-0704 2-METHYLNAPHTHALENE 18  20  
KWFCGS-40-0704 2-METHYLNAPHTHALENE 170  20 EXCEED 
KWFCGS-42-0704 2-METHYLNAPHTHALENE 24  20 EXCEED 
KWFCGS-42-0704-D 2-METHYLNAPHTHALENE 19  20  
KWFCGS-49-0704 2-METHYLNAPHTHALENE 140  20 EXCEED 
KWFCGS-50-0704 2-METHYLNAPHTHALENE 35  20 EXCEED 
KWFCGS-54-0704 2-METHYLNAPHTHALENE 17  20  
KWFCGS-55-0704 2-METHYLNAPHTHALENE 0.091 J 20  
KWFCGS-58-0704 2-METHYLNAPHTHALENE 0.33  20  
KWFCGS-07-0704 ACENAPHTHENE 0.38  20  
KWFCGS-22-0704 ACENAPHTHENE 1.6 J 20  
KWFCGS-27-0704 ACENAPHTHENE 0.11 J 20  
KWFCGS-28-0704 ACENAPHTHENE 0.4  20  
KWFCGS-32-0704 ACENAPHTHENE 0.48 J 20  
KWFCGS-32-0704-D ACENAPHTHENE 0.44  20  
KWFCGS-37-0704 ACENAPHTHENE 1.2  20  
KWFCGS-38-0704 ACENAPHTHENE 0.21  20  
KWFCGS-40-0704 ACENAPHTHENE 0.15 J 20  
KWFCGS-42-0704 ACENAPHTHENE 0.078 J 20  
KWFCGS-49-0704 ACENAPHTHENE 0.75 J 20  
KWFCGS-54-0704 ACENAPHTHENE 0.089 J 20  
KWFCGS-36-0704 ACENAPHTHYLENE 0.1 J 210  
KWFCGS-37-0704 BENZO(A)ANTHRACENE 0.16 J 0.2  
KWFCGS-37-0704 BENZO(G,H,I)PERYLENE 0.15 J 210  
KWFCGS-37-0704 CHRYSENE 0.26  4.8  
KWFCGS-49-0704 FLUORANTHENE 0.11 J 280  
KWFCGS-55-0704 FLUORANTHENE 0.11 J 280  
KWFCGS-07-0704 FLUORENE 0.42  280  
KWFCGS-22-0704 FLUORENE 1.2 J 280  
KWFCGS-26-0704 FLUORENE 0.18 J 280  
KWFCGS-27-0704 FLUORENE 0.27  280  
KWFCGS-28-0704 FLUORENE 0.46  280  
KWFCGS-32-0704 FLUORENE 0.55 J 280  
KWFCGS-32-0704-D FLUORENE 0.52  280  
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LOCATION PARAMETER 
RESULT

(µg/L) VAL_QUAL 
FL 

GCTL EXCEED 
KWFCGS-37-0704 FLUORENE 1.2  280  
KWFCGS-38-0704 FLUORENE 0.35  280  
KWFCGS-40-0704 FLUORENE 0.14 J 280  
KWFCGS-42-0704 FLUORENE 0.067 J 280  
KWFCGS-42-0704-D FLUORENE 0.07 J 280  
KWFCGS-49-0704 FLUORENE 0.38 J 280  
KWFCGS-50-0704 FLUORENE 0.18 J 280  
KWFCGS-55-0704 FLUORENE 0.16 J 280  
KWFCGS-37-0704 INDENO(1,2,3-CD)PYRENE 0.2 J 0.2  
KWFCGS-07-0704 NAPHTHALENE 23  20 EXCEED 
KWFCGS-22-0704 NAPHTHALENE 2.3 J 20  
KWFCGS-26-0704 NAPHTHALENE 43  20 EXCEED 
KWFCGS-27-0704 NAPHTHALENE 4.9  20  
KWFCGS-28-0704 NAPHTHALENE 60  20 EXCEED 
KWFCGS-30-0704 NAPHTHALENE 630  20 EXCEED 
KWFCGS-32-0704 NAPHTHALENE 8.6  20  
KWFCGS-32-0704-D NAPHTHALENE 9  20  
KWFCGS-35-0704 NAPHTHALENE 0.2 J 20  
KWFCGS-36-0704 NAPHTHALENE 29  20 EXCEED 
KWFCGS-37-0704 NAPHTHALENE 1.3  20  
KWFCGS-38-0704 NAPHTHALENE 6  20  
KWFCGS-40-0704 NAPHTHALENE 580  20 EXCEED 
KWFCGS-42-0704 NAPHTHALENE 17 J 20  
KWFCGS-42-0704-D NAPHTHALENE 11 J 20  
KWFCGS-49-0704 NAPHTHALENE 760  20 EXCEED 
KWFCGS-50-0704 NAPHTHALENE 120  20 EXCEED 
KWFCGS-54-0704 NAPHTHALENE 71  20 EXCEED 
KWFCGS-55-0704 NAPHTHALENE 0.11 J 20  
KWFCGS-58-0704 NAPHTHALENE 1.1  20  
KWFCGS-22-0704 PHENANTHRENE 1.9 J 210  
KWFCGS-28-0704 PHENANTHRENE 0.12 J 210  
KWFCGS-32-0704 PHENANTHRENE 0.17 J 210  
KWFCGS-32-0704-D PHENANTHRENE 0.14 J 210  
KWFCGS-37-0704 PHENANTHRENE 0.93  210  
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LOCATION PARAMETER 
RESULT

(µg/L) VAL_QUAL 
FL 

GCTL EXCEED 
KWFCGS-38-0704 PHENANTHRENE 0.28  210  
KWFCGS-49-0704 PHENANTHRENE 0.28 J 210  
KWFCGS-22-0704 PYRENE 0.15 J 210  
KWFCGS-37-0704 PYRENE 0.6  210  
Shading indicates an exceedance of the GCTL. 
(a) Qualifier (Qual.): 
 J – The result is an estimated quantity. 
(b) Groundwater Cleanup Target Level (GCTL) as defined in Chapter 62-777, FAC, Table I. 



Rev. 0 
08/01/05 

AIK-05-0125 4-20 CTO 0351 

TABLE 4-5 
 

GROUNDWATER ANALYTICAL RESULTS 
SEPTEMBER 2004 

BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 1 OF 3 
 

Location Parameter 
Result 
(µg/L) Qual. 

GCTL 
(µg/L) 

Inorganics     
KWFCGS-MW23-0904-AVG ALUMINUM 256.25  
KWFCGS-MW27-0904 ALUMINUM 362  

200 

KWFCGS-MW05-0904 ARSENIC 4.6  
KWFCGS-MW06-0904 ARSENIC 6.5  
KWFCGS-MW23-0904-AVG ARSENIC 3.3  
KWFCGS-MW24-0904 ARSENIC 8.7  

50 

KWFCGS-MW05-0904 BARIUM 30.8  
KWFCGS-MW06-0904 BARIUM 6.4  
KWFCGS-MW19-0904 BARIUM 6.7  
KWFCGS-MW22-0904 BARIUM 6.6  
KWFCGS-MW23-0904-AVG BARIUM 6.85  
KWFCGS-MW24-0904 BARIUM 7.9  
KWFCGS-MW26-0904 BARIUM 5.6  
KWFCGS-MW27-0904 BARIUM 4.7  
KWFCGS-MW28-0904 BARIUM 9  

0 

KWFCGS-MW05-0904 CHROMIUM 1.3  
KWFCGS-MW06-0904 CHROMIUM 0.94  
KWFCGS-MW23-0904-AVG CHROMIUM 1.35  
KWFCGS-MW27-0904 CHROMIUM 3.4  

100 

KWFCGS-MW05-0904 IRON 173  
KWFCGS-MW06-0904 IRON 152  

300 

KWFCGS-MW22-0904 LEAD 29.3  
KWFCGS-MW23-0904-AVG LEAD 20.45  
KWFCGS-MW24-0904 LEAD 18.9  

15 

KWFCGS-MW06-0904 MANGANESE 24.7  
KWFCGS-MW19-0904 MANGANESE 2.4  
KWFCGS-MW22-0904 MANGANESE 2.2  
KWFCGS-MW23-0904-AVG MANGANESE 1.1  
KWFCGS-MW24-0904 MANGANESE 2.7  
KWFCGS-MW26-0904 MANGANESE 1.6  

50 

KWFCGS-MW05-0904 NICKEL 2.6  
KWFCGS-MW23-0904-AVG NICKEL 2.5  
KWFCGS-MW28-0904 NICKEL 3.9  

100 

KWFCGS-MW28-0904 SELENIUM 5.4  50 
KWFCGS-MW28-0904 VANADIUM 4.3  49 
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TABLE 4-5 
 

GROUNDWATER ANALYTICAL RESULTS 
SEPTEMBER 2004 

BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 2 OF 3 
 

Location Parameter 
Result 
(µg/L) Qual. 

GCTL 
(µg/L) 

SVOCs 
KWFCGS-MW22-0904 2-METHYLNAPHTHALENE 52  
KWFCGS-MW23-0904-AVG 2-METHYLNAPHTHALENE 125  
KWFCGS-MW24-0904 2-METHYLNAPHTHALENE 83  
KWFCGS-MW28-0904 2-METHYLNAPHTHALENE 5 J 

20 

KWFCGS-MW22-0904 NAPHTHALENE 140  
KWFCGS-MW23-0904-AVG NAPHTHALENE 780  
KWFCGS-MW24-0904 NAPHTHALENE 320  

20 

KWFCGS-MW28-0904 NAPHTHALENE 18  20 
VOCs     
KWFCGS-MW22-0904 BENZENE 0.1 J 1 
KWFCGS-MW28-0904 BROMOMETHANE 0.6 J 9.8 
KWFCGS-MW23-0904 CARBON DISULFIDE 0.3 J 
KWFCGS-MW24-0904 CARBON DISULFIDE 0.2 J 
KWFCGS-MW26-0904 CARBON DISULFIDE 0.5 J 

700 

KWFCGS-MW06-0904 ETHYLBENZENE 0.2 J 30 
KWFCGS-MW22-0904 ETHYLBENZENE 32  
KWFCGS-MW23-0904-AVG ETHYLBENZENE 145  
KWFCGS-MW24-0904 ETHYLBENZENE 44  

30 

KWFCGS-MW25-0904 ETHYLBENZENE 0.6 J 30 
KWFCGS-MW22-0904 M+P-XYLENES 7 J 
KWFCGS-MW23-0904-AVG M+P-XYLENES 15.5  
KWFCGS-MW24-0904 M+P-XYLENES 8 J 
KWFCGS-MW25-0904 M+P-XYLENES 1 J 

20 

KWFCGS-MW23-0904-AVG O-XYLENE 2 J 
KWFCGS-MW24-0904 O-XYLENE 2 J 
KWFCGS-MW25-0904 O-XYLENE 0.3 J 

20 

KWFCGS-MW23-0904-AVG TOLUENE 1 J 40 
KWFCGS-MW22-0904 TOTAL XYLENES 7 J 
KWFCGS-MW23-0904-AVG TOTAL XYLENES 17.5  
KWFCGS-MW24-0904 TOTAL XYLENES 10 J 
KWFCGS-MW25-0904 TOTAL XYLENES 1 J 

20 
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TABLE 4-5 
 

GROUNDWATER ANALYTICAL RESULTS 
SEPTEMBER 2004 

BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 3 OF 3 
 

Location Parameter 
Result 
(µg/L) Qual. 

GCTL 
(µg/L) 

Pesticides     
KWFCGS-MW22-0904 ALPHA-BHC 0.037 J 
KWFCGS-MW23-0904-AVG ALPHA-BHC 0.0305 J 

0.006 

KWFCGS-MW23-0904-AVG DELTA-BHC 0.015(1) J 2.1 

Shading indicates an exceedance of the GCTL. 
(a) Qualifier (Qual.): 
 J – The result is an estimated quantity. 
(b) Groundwater Cleanup Target Level (GCTL) as defined in Chapter 62-777, FAC, Table I. 
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TABLE 4-6 
 

GROUNDWATER ANALYTICAL RESULTS 
JANUARY 2005 

BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 1 OF 2 
 

Location Parameter 
Result 
(µg/L) Qual. 

GCTL 
(µg/L) 

Inorganics     
KWFCGS-MW23-0105-AVG ANTIMONY 1.935(1)  
KWFCGS-MW27-0105 ANTIMONY 2.8  

6 

KWFCGS-MW06-0105 ARSENIC 8.8  
KWFCGS-MW23-0105-AVG ARSENIC 14.7  
KWFCGS-MW24-0105 ARSENIC 10.1  
KWFCGS-MW25-0105 ARSENIC 10.5  

50 

KWFCGS-MW05-0105 BARIUM 23.1  
KWFCGS-MW06-0105 BARIUM 5.5  
KWFCGS-MW19-0105 BARIUM 5.2  
KWFCGS-MW22-0105 BARIUM 5.5  
KWFCGS-MW23-0105-AVG BARIUM 4.85  
KWFCGS-MW24-0105 BARIUM 7.2  
KWFCGS-MW25-0105 BARIUM 6.7  
KWFCGS-MW26-0105 BARIUM 8.8  
KWFCGS-MW27-0105 BARIUM 3.7  
KWFCGS-MW28-0105 BARIUM 7  

NA 

KWFCGS-MW25-0105 CHROMIUM 6.1  100 
KWFCGS-MW05-0105 IRON 293  300 
KWFCGS-MW06-0105 LEAD 1.7  
KWFCGS-MW22-0105 LEAD 24.2  
KWFCGS-MW23-0105-AVG LEAD 14.3  
KWFCGS-MW24-0105 LEAD 18.3  
KWFCGS-MW25-0105 LEAD 5.1  

15 

KWFCGS-MW06-0105 MANGANESE 19  
KWFCGS-MW22-0105 MANGANESE 2.1  
KWFCGS-MW24-0105 MANGANESE 2.3  
KWFCGS-MW26-0105 MANGANESE 5.1  

50 

KWFCGS-MW25-0105 TIN 13.2  4,200 
KWFCGS-MW25-0105 VANADIUM 7  49 
SVOCs     
KWFCGS-MW22-0105 2-METHYLNAPHTHALENE 40 J 
KWFCGS-MW23-0105-AVG 2-METHYLNAPHTHALENE 56.5  
KWFCGS-MW24-0105 2-METHYLNAPHTHALENE 54  

20 
 

FWFCGS-MW23-0105-AVG DIETHYL PHTHALATE 4 J 
KWFCGS-MW22-0105 DIETHYL PHTHALATE 4 J 
KWFCGS-MW24-0105 DIETHYL PHTHALATE 4 J 

5,600 
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TABLE 4-6 
 

GROUNDWATER ANALYTICAL RESULTS 
JANUARY 2005 

BOCA CHICA FLYING CLUB 
SITE ASSESSMENT REPORT 

NAVAL AIR STATION 
KEY WEST, FLORIDA 

PAGE 2 OF 2 
 

Location Parameter 
Result 
(µg/L) Qual. 

GCTL 
(µg/L) 

KWFCGS-MW22-0105 NAPHTHALENE 130 J 
KWFCGS-MW23-0105-AVG NAPHTHALENE 225  
KWFCGS-MW24-0105 NAPHTHALENE 130  

20 

VOCs     
KWFCGS-MW23-0105-AVG ACETONE 21 J 700 
KWFCGS-MW24-0105 BENZENE 0.7 J 1 
KWFCGS-MW23-0105-AVG CARBON DISULFIDE 1 J 700 
KWFCGS-MW22-0105 ETHYLBENZENE 16  
KWFCGS-MW23-0105-AVG ETHYLBENZENE 48  
KWFCGS-MW24-0105 ETHYLBENZENE 21  
KWFCGS-MW25-0105 ETHYLBENZENE 2 J 

30 

KWFCGS-MW22-0105 M+P-XYLENES 6 J 
KWFCGS-MW23-0105-AVG M+P-XYLENES 6 J 
KWFCGS-MW24-0105 M+P-XYLENES 5 J 
KWFCGS-MW25-0105 M+P-XYLENES 3 J 

20 

KWFCGS-MW22-0105 O-XYLENE 0.5 J 
KWFCGS-MW23-0105-AVG O-XYLENE 0.8 J 
KWFCGS-MW24-0105 O-XYLENE 1 J 
KWFCGS-MW25-0105 O-XYLENE 0.4 J 

20 

KWFCGS-MW06-0105 TETRACHLOROETHENE 0.6 J 3 
KWFCGS-MW22-0105 TOLUENE 0.5 J 
KWFCGS-MW23-0105-AVG TOLUENE 0.4 J 
KWFCGS-MW24-0105 TOLUENE 1 J 

40 

KWFCGS-MW22-0105 TOTAL XYLENES 6 J 
KWFCGS-MW23-0105-AVG TOTAL XYLENES 7 J 
KWFCGS-MW24-0105 TOTAL XYLENES 6 J 
KWFCGS-MW25-0105 TOTAL XYLENES 3 J 

20 

Pesticides     
KWFCGS-MW06-0105 DELTA-BHC 0.076 J 2.1 

Shading indicates an exceedance of the GCTL. 
(a) Qualifier (Qual.): 
 J – The result is an estimated quantity. 
(b) Groundwater Cleanup Target Level (GCTL) as defined in Chapter 62-777, FAC, Table I. 
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5.0 SITE INVESTIGATION SUMMARY 

5.1 POTENTIAL SOURCES OF HYDROCARBONS 

Four ASTs of varying capacity were present at the facility.  Past practices such as overfilling and possible 

leaks from these tank systems were the suspected cause of contamination at the site.  The ASTs, fuel 

dispensers, and associated piping were removed from the site in February 1992.  Soil and groundwater 

investigations in the vicinity of the tanks did not indicate the area as a continuing source of contamination.  

The groundwater investigation revealed the existence of impacted groundwater in the vicinity of Building 

A133 and the associated former USTs; however, a source area with elevated contaminant levels was not 

discovered. 

Various scenarios have been postulated for the source of contamination to both soil and groundwater at the 

Flying Club.  The scenarios have been discussed by the Partnering Team; including a recent meeting in 

June 2005.  These scenarios are presented in the following paragraphs to present the rationale for the 

recommendations in this report as well as to record observations for continuing efforts at the site. 

The UST detected adjacent to Buildings A126 and A128 may be a source if the contaminants migrate along 

a utility trench (preferential pathway) that runs between Buildings A128 and A133.  This scenario would 

account for the unexpectedly high readings detected around Building A133.  Documentation for this UST 

has not yet been located; however, NAS Key West personnel report that it appears to have been a fuel tank 

for a boiler that may have been housed in Building A128.  The size of this tank is not known, but its capacity 

is likely around 500 gallons.  Unfortunately, this scenario does not explain the unexpectedly high 

concentrations of nonvolatile constituents detected on site and chemical migration over such a long distance 

(although possible) is not likely in the oolitic limestone. 

NAS Key West personnel reported during the June 2005 Partnering Team meeting that used oils and 

lubricants were believed to have been stored around Building A133.  The former motor pool operations 

performed in and around Building A126 during the mid 20th Century make this a scenario that explains the 

presence of the unexpectedly high concentration of nonvolatile constituents that have been detected around 

Building A133.  Unfortunately, the data do not fully support this scenario as it assumes that all of the 

investigations and the remedial actions taken during the 1990s completely missed (and did not remediate) 

the majority of onsite contamination.  The volatile constituents detected still need to be explained - perhaps 

by identifying another source other than oils and lubricants.  In addition, this scenario assumes that the 

Flying Club site is unique with respect to the degradation rate of petroleum constituents.  Specifically, 

petroleum constituents at other NAS Key West sites have been observed to decrease relatively rapidly over 

time in the oolitic subsurface conditions.  The increases in chemical constituents over time suggest a 

continuing source still exists at the Flying Club site that can’t be explained under this scenario. 



Rev. 0 
08/01/05 

AIK-05-0125 5-2 CTO 0351 

The Partnering Team also discussed aircraft operations on the apron adjacent to the site as another 

potential source for contamination.  Storm water runoff could carry heavier-phase petroleum constituents off 

the tarmac while engine exhaust could possibly carry chemical constituents further away from the tarmac 

and deposit around Building A133.  Unfortunately, the data do not support this scenario as chemical 

concentrations would be much higher at the surface than the observed levels or higher near the tarmac (if 

surface water runoff was the source).  Also, the chemical concentrations would be higher to the north and 

south of Building A133 as aircraft operations are performed all along the tarmac, not just to the east of 

Building A133. 

The Partnering Team has also discussed past dust control practices around Buildings A126 and A133 

where oil was believed to be spread on the ground.  This scenario explains the detection of nonvolatile 

constituents; however, there is insufficient data to determine if this is the source of detected nonvolatile 

constituents.  It is unlikely that heavy-phase petroleum constituents have migrated to account for the higher 

readings in some areas and low readings elsewhere.  Finally, additional data are needed to determine 

whether contamination exists around Building A126. 

Finally, the Partnering Team briefly discussed current operations at Buildings A126 and A133 during its 

June 2005 meeting.  NAS Key West personnel noted that current operations have received awards for 

environmental excellence so these current operations are not considered a potential source for detected 

constituents and the data support such a conclusion. 

5.2 SITE CONDITIONS 

The site is underlain by Oolitic limestone to approximately 25 feet bls.  Confining layers were not observed 

at the site.  Groundwater elevations in the surficial aquifer ranged from 1.95 to 2.03 feet during the 

September 2004 event and 1.24 to 1.84 feet during January 2005.  Groundwater elevations were calculated 

from the SWL and TOC elevation survey data.  These data points were used to calculate the groundwater 

flow direction and hydraulic gradient at the time of each gauging event.  Groundwater flow at the site during 

both events was toward the northeast.  The average hydraulic gradient calculated for the site was 0.001 feet 

per foot.  The average hydraulic conductivity for the site was determined to be feet per day from data 

obtained by slug tests conducted during the site assessment (ABB, 1994).  The groundwater flow velocity 

was calculated from the average hydraulic gradient and hydraulic conductivity values, and is estimated at 

0.0031 feet per day.  A tidal study at the site revealed the presence of a fluctuation in water levels of 0.046 

and 0.01 feet during a 24-hour period.  No known active potable water supply or irrigation wells occur on 

Boca Chica.  
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5.3 SOIL ASSESSMENT 

Headspace vapor analysis of vadose zone soil samples and samples collected from the monitoring well 

borings indicated that “excessively contaminated soil” for KAG constituents, as defined in Chapter 62-

770.200(12), FAC was detected in two locations.  Soil analytical data indicated the presence of 

benzo(a)anthracene above the residential SCTLs in three of the samples collected.  Concentrations of all 

other CoCs were below standard laboratory detection limits. 

5.4 GROUNDWATER ASSESSMENT 

Screening samples collected during the DPT assessment revealed several CoCs above GCTLs in borings 

located east and east-southeast of Building A133.  Total naphthalenes (naphthalene, 1 and 2-

methylnaphthalene), VOCs, and lead were detected above GCTLs.  The assessment did reveal the 

presence of slightly elevated levels of naphthalene in the former location of the ASTs; however, the results 

were not confirmed by the monitoring well sample collected from the same location.   

Monitoring well analytical samples indicated that 2-methylnaphthalene and lead exceeded GCTLs in both 

monitoring events while naphthalene and ethylbenzene exceeded their GCTLs during the September 2004 

event only.  The presence of pesticides (Alpha-BHC and Delta-BHC) were detected during both events; 

however, an exceedance of Alpha-BHC was only present during the September 2004 event.  Free product 

was not detected in any of the monitoring wells during either event. 

The results of groundwater analytical data from the two sampling events were fairly consistent, with 

monitoring wells FCMW-22, FCMW-23 and FCMW-24 exhibiting contaminant levels above GCTLs in both 

events.  Monitoring wells FCMW-23 and FCMW-24 are located adjacent to Building A133; however 

monitoring well FCMW-22 is located further east.  Monitoring wells FCMW-6 and FCMW-28 also located 

adjacent to Building A133 had detections below GCTLs in both events.  In addition, the assumed 

downgradient well (FCMW-19) did not have detectable levels of any contaminants.  The sample from 

monitoring well FCMW-26 located in the area of former ASTs was also below detection levels.  

Groundwater results indicate that the area of the former ASTs is not a continuing source of contamination.   
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6.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATION 

The following is a summary of the results of the site assessment performed by TtNUS at the Boca Chica 

Flying Club: 

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

encountered within the upper 12 feet of the surficial aquifer. 

• The surficial aquifer is non-potable and tidally influenced in the site vicinity.  

• The direction of groundwater flow was toward the northeast during both groundwater sampling 

events.  The surficial aquifer flow velocity was calculated to be 0.0031 feet/day. 

• Headspace vapor analysis was conducted on soils from the 0-2 and 2-4 foot vadose zone and from 

the 4-6 foot saturated zone.  Vadose zone samples did not indicate the presence of “excessively 

contaminated soil.” 

• Petroleum contaminants were detected in soil samples collected.  Benzo(a)anthracene was detected 

above residential SCTLs.  

• Groundwater screening samples collected during the DPT investigations had exceedances of 

naphthalene, 1-and-2 methylnaphthalene, lead, benzene, total xylenes and ethylbenzene. 

• Concentrations of naphthalene, 2-methylnaphthalene, ethylbenzene, lead, aluminum and the 

pesticide Alpha-BHC exceeded GCTLs in site monitoring wells 

• Free product was not observed at the site. 

• Soil and groundwater data in the vicinity of the former ASTs provide evidence that the area is not a 

continuing source of contamination. 

The elevated levels of groundwater contamination at the site after tank removals and remediation prompted 

the performance of this site assessment.  This assessment revealed impacted soil and groundwater at the 

site; however, it did not identify a contaminant source.  Recent discussions among the NAS Key West 

Partnering Team members revealed several possibilities for sources of contamination at the site.  Past 

practices in the area have probably impacted the subsurface soil and groundwater to a greater degree than 

previously thought.  In addition, the UST adjacent to Buildings A126 and A128 may be causing the observed 

increases in chemical concentrations.  An underground utility trench could possibly provide a preferred 

pathway for contaminant migration.  Additional soil and groundwater data will provide further insight to the 

continuing source of contamination at the site. 
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Based on the hydrogeological and chemical data presented in this SAR and the information provided during 

recent Partnering Team meetings, TtNUS recommends that an additional DPT investigation be conducted in 

the vicinity of Building A126 to identify whether the suspected contaminant sources are in fact impacting the 

site and to provide additional delineation of the groundwater plume.  
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ANALYTICAL VALIDATION REPORTS 
 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 

 

APPENDIX C 
 

FIELD SURVEY DATA 
 





 

 

APPENDIX D 
 

TIDAL STUDY DATA 
 



In-Situ Inc. MiniTroll Pro

Report generated: 11/2/2000 15:31:01
Report from file: C:\Win-Situ\Data\SN15331 2004-09-26 083226 MW-5.bin
DataMgr Version 3.71

Serial number: 15331
Firmware Version 3.09
Unit name: 

Test name: MW-5

Test defined on: 9/26/2004 8:32:21
Test started on: 9/26/2004 8:32:26
Test stopped on: 9/29/2004 2:57:18
Test extracted on:   N/A

Data gathered using Linear testing
   Time between data points:    Minutes.
   Number of data samples: 266

TOTAL DATA SAMPLES 266

Channel number [1]
  Measurement type: Temperature
  Channel name:

Channel number [2]
  Measurement type: Pressure
  Channel name:
  Sensor Range:  30 PSI.
  Specific gravity: 1

Chan[1] Chan[2]
  Date   Time   ET (min) Celsius Meters H2O
-------- -------- ------------ ------------------------------

9/26/2004 8:32:26 0 28.58 2.108
9/26/2004 8:47:26 15 28.58 2.104
9/26/2004 9:02:26 30 28.58 2.1
9/26/2004 9:17:26 45 28.58 2.098
9/26/2004 9:32:26 60 28.58 2.095
9/26/2004 9:47:26 75 28.58 2.092
9/26/2004 10:02:26 90 28.59 2.088
9/26/2004 10:17:26 105 28.59 2.085
9/26/2004 10:32:26 120 28.59 2.082
9/26/2004 10:47:26 135 28.59 2.08
9/26/2004 11:02:26 150 28.59 2.078
9/26/2004 11:17:26 165 28.59 2.075
9/26/2004 11:32:26 180 28.59 2.072
9/26/2004 11:47:26 195 28.59 2.071



9/26/2004 12:02:26 210 28.61 2.069
9/26/2004 12:17:26 225 28.59 2.068
9/26/2004 12:32:26 240 28.59 2.067
9/26/2004 12:47:26 255 28.59 2.066
9/26/2004 13:02:26 270 28.59 2.065
9/26/2004 13:17:26 285 28.59 2.064
9/26/2004 13:32:26 300 28.59 2.063
9/26/2004 13:47:26 315 28.59 2.063
9/26/2004 14:02:26 330 28.59 2.062
9/26/2004 14:17:26 345 28.58 2.061
9/26/2004 14:32:26 360 28.58 2.061
9/26/2004 14:47:26 375 28.58 2.06
9/26/2004 15:02:26 390 28.58 2.06
9/26/2004 15:17:26 405 28.58 2.059
9/26/2004 15:32:26 420 28.58 2.059
9/26/2004 15:47:26 435 28.58 2.059
9/26/2004 16:02:26 450 28.58 2.057
9/26/2004 16:17:26 465 28.58 2.057
9/26/2004 16:32:26 480 28.57 2.057
9/26/2004 16:47:26 495 28.58 2.056
9/26/2004 17:02:26 510 28.57 2.056
9/26/2004 17:17:26 525 28.57 2.055
9/26/2004 17:32:26 540 28.57 2.055
9/26/2004 17:47:26 555 28.58 2.055
9/26/2004 18:02:26 570 28.58 2.055
9/26/2004 18:17:26 585 28.57 2.053
9/26/2004 18:32:26 600 28.57 2.052
9/26/2004 18:47:26 615 28.58 2.052
9/26/2004 19:02:26 630 28.58 2.051
9/26/2004 19:17:26 645 28.58 2.049
9/26/2004 19:32:26 660 28.58 2.049
9/26/2004 19:47:26 675 28.58 2.048
9/26/2004 20:02:26 690 28.58 2.047
9/26/2004 20:17:26 705 28.58 2.045
9/26/2004 20:32:26 720 28.58 2.043
9/26/2004 20:47:26 735 28.58 2.041
9/26/2004 21:02:26 750 28.58 2.04
9/26/2004 21:17:26 765 28.59 2.038
9/26/2004 21:32:26 780 28.59 2.036
9/26/2004 21:47:26 795 28.59 2.034
9/26/2004 22:02:26 810 28.59 2.033
9/26/2004 22:17:26 825 28.59 2.031
9/26/2004 22:32:26 840 28.59 2.029
9/26/2004 22:47:26 855 28.59 2.028
9/26/2004 23:02:26 870 28.59 2.026
9/26/2004 23:17:26 885 28.59 2.025
9/26/2004 23:32:26 900 28.59 2.025
9/26/2004 23:47:26 915 28.59 2.024
9/27/2004 0:02:26 930 28.58 2.024
9/27/2004 0:17:26 945 28.58 2.023
9/27/2004 0:32:26 960 28.58 2.023
9/27/2004 0:47:26 975 28.58 2.024



9/27/2004 1:02:26 990 28.58 2.023
9/27/2004 1:17:26 1005 28.58 2.024
9/27/2004 1:32:26 1020 28.58 2.024
9/27/2004 1:47:26 1035 28.57 2.025
9/27/2004 2:02:26 1050 28.57 2.025
9/27/2004 2:17:26 1065 28.57 2.027
9/27/2004 2:32:26 1080 28.57 2.028
9/27/2004 2:47:26 1095 28.56 2.03
9/27/2004 3:02:26 1110 28.56 2.031
9/27/2004 3:17:26 1125 28.56 2.033
9/27/2004 3:32:26 1140 28.56 2.035
9/27/2004 3:47:26 1155 28.56 2.037
9/27/2004 4:02:26 1170 28.54 2.04
9/27/2004 4:17:26 1185 28.54 2.041
9/27/2004 4:32:26 1200 28.54 2.044
9/27/2004 4:47:26 1215 28.54 2.046
9/27/2004 5:02:26 1230 28.54 2.048
9/27/2004 5:17:26 1245 28.54 2.05
9/27/2004 5:32:26 1260 28.54 2.053
9/27/2004 5:47:26 1275 28.54 2.054
9/27/2004 6:02:26 1290 28.54 2.057
9/27/2004 6:17:26 1305 28.54 2.061
9/27/2004 6:32:26 1320 28.53 2.064
9/27/2004 6:47:26 1335 28.53 2.066
9/27/2004 7:02:26 1350 28.53 2.067
9/27/2004 7:17:26 1365 28.53 2.069
9/27/2004 7:32:26 1380 28.53 2.07
9/27/2004 7:47:26 1395 28.53 2.07
9/27/2004 8:02:26 1410 28.53 2.07
9/27/2004 8:17:26 1425 28.54 2.069
9/27/2004 8:32:26 1440 28.54 2.068
9/27/2004 8:47:26 1455 28.54 2.065
9/27/2004 9:02:26 1470 28.56 2.062
9/27/2004 9:17:26 1485 28.56 2.059
9/27/2004 9:32:26 1500 28.56 2.057
9/27/2004 9:47:26 1515 28.57 2.054
9/27/2004 10:02:26 1530 28.57 2.051
9/27/2004 10:17:26 1545 28.57 2.048
9/27/2004 10:32:26 1560 28.58 2.044
9/27/2004 10:47:26 1575 28.58 2.042
9/27/2004 11:02:26 1590 28.58 2.039
9/27/2004 11:17:26 1605 28.58 2.036
9/27/2004 11:32:26 1620 28.59 2.033
9/27/2004 11:47:26 1635 28.59 2.031
9/27/2004 12:02:26 1650 28.59 2.029
9/27/2004 12:17:26 1665 28.59 2.028
9/27/2004 12:32:26 1680 28.59 2.026
9/27/2004 12:47:26 1695 28.59 2.025
9/27/2004 13:02:26 1710 28.58 2.024
9/27/2004 13:17:26 1725 28.58 2.022
9/27/2004 13:32:26 1740 28.58 2.021
9/27/2004 13:47:26 1755 28.58 2.021



9/27/2004 14:02:26 1770 28.58 2.02
9/27/2004 14:17:26 1785 28.58 2.02
9/27/2004 14:32:26 1800 28.58 2.02
9/27/2004 14:47:26 1815 28.58 2.019
9/27/2004 15:02:26 1830 28.58 2.019
9/27/2004 15:17:26 1845 28.58 2.018
9/27/2004 15:32:26 1860 28.57 2.019
9/27/2004 15:47:26 1875 28.57 2.019
9/27/2004 16:02:26 1890 28.57 2.019
9/27/2004 16:17:26 1905 28.57 2.018
9/27/2004 16:32:26 1920 28.57 2.019
9/27/2004 16:47:26 1935 28.57 2.019
9/27/2004 17:02:26 1950 28.57 2.019
9/27/2004 17:17:26 1965 28.57 2.019
9/27/2004 17:32:26 1980 28.57 2.019
9/27/2004 17:47:26 1995 28.57 2.019
9/27/2004 18:02:26 2010 28.57 2.019
9/27/2004 18:17:26 2025 28.57 2.019
9/27/2004 18:32:26 2040 28.57 2.018
9/27/2004 18:47:26 2055 28.57 2.017
9/27/2004 19:02:26 2070 28.57 2.016
9/27/2004 19:17:26 2085 28.57 2.016
9/27/2004 19:32:26 2100 28.57 2.015
9/27/2004 19:47:26 2115 28.58 2.013
9/27/2004 20:02:26 2130 28.57 2.012
9/27/2004 20:17:26 2145 28.58 2.01
9/27/2004 20:32:26 2160 28.58 2.009
9/27/2004 20:47:26 2175 28.58 2.007
9/27/2004 21:02:26 2190 28.58 2.005
9/27/2004 21:17:26 2205 28.58 2.003
9/27/2004 21:32:26 2220 28.59 2.001
9/27/2004 21:47:26 2235 28.59 1.998
9/27/2004 22:02:26 2250 28.59 1.996
9/27/2004 22:17:26 2265 28.59 1.993
9/27/2004 22:32:26 2280 28.59 1.991
9/27/2004 22:47:26 2295 28.61 1.988
9/27/2004 23:02:26 2310 28.61 1.987
9/27/2004 23:17:26 2325 28.61 1.984
9/27/2004 23:32:26 2340 28.61 1.983
9/27/2004 23:47:26 2355 28.61 1.982
9/28/2004 0:02:26 2370 28.61 1.98
9/28/2004 0:17:26 2385 28.61 1.979
9/28/2004 0:32:26 2400 28.61 1.978
9/28/2004 0:47:26 2415 28.61 1.977
9/28/2004 1:02:26 2430 28.61 1.977
9/28/2004 1:17:26 2445 28.59 1.977
9/28/2004 1:32:26 2460 28.59 1.976
9/28/2004 1:47:26 2475 28.59 1.976
9/28/2004 2:02:26 2490 28.59 1.976
9/28/2004 2:17:26 2505 28.59 1.976
9/28/2004 2:32:26 2520 28.59 1.976
9/28/2004 2:47:26 2535 28.59 1.977



9/28/2004 3:02:26 2550 28.58 1.978
9/28/2004 3:17:26 2565 28.58 1.978
9/28/2004 3:32:26 2580 28.58 1.978
9/28/2004 3:47:26 2595 28.58 1.979
9/28/2004 4:02:26 2610 28.58 1.979
9/28/2004 4:17:26 2625 28.58 1.981
9/28/2004 4:32:26 2640 28.57 1.982
9/28/2004 4:47:26 2655 28.57 1.982
9/28/2004 5:02:26 2670 28.57 1.984
9/28/2004 5:17:26 2685 28.57 1.985
9/28/2004 5:32:26 2700 28.57 1.986
9/28/2004 5:47:26 2715 28.57 1.986
9/28/2004 6:02:26 2730 28.57 1.988
9/28/2004 6:17:26 2745 28.57 1.989
9/28/2004 6:32:26 2760 28.57 1.99
9/28/2004 6:47:26 2775 28.57 1.991
9/28/2004 7:02:26 2790 28.57 1.991
9/28/2004 7:17:26 2805 28.57 1.992
9/28/2004 7:32:26 2820 28.57 1.993
9/28/2004 7:47:26 2835 28.57 1.994
9/28/2004 8:02:26 2850 28.56 1.994
9/28/2004 8:17:26 2865 28.56 1.995
9/28/2004 8:32:26 2880 28.57 1.995
9/28/2004 8:47:26 2895 28.56 1.995
9/28/2004 9:02:26 2910 28.57 1.993
9/28/2004 9:17:26 2925 28.57 1.992
9/28/2004 9:32:26 2940 28.57 1.99
9/28/2004 9:47:26 2955 28.57 1.988
9/28/2004 10:02:26 2970 28.58 1.985
9/28/2004 10:17:26 2985 28.58 1.983
9/28/2004 10:32:26 3000 28.58 1.981
9/28/2004 10:47:26 3015 28.58 1.978
9/28/2004 11:02:26 3030 28.59 1.976
9/28/2004 11:17:26 3045 28.58 1.975
9/28/2004 11:32:26 3060 28.59 1.972
9/28/2004 11:47:26 3075 28.59 1.971
9/28/2004 12:02:26 3090 28.59 1.97
9/28/2004 12:17:26 3105 28.59 1.969
9/28/2004 12:32:26 3120 28.59 1.968
9/28/2004 12:47:26 3135 28.59 1.967
9/28/2004 13:02:26 3150 28.59 1.966
9/28/2004 13:17:26 3165 28.59 1.966
9/28/2004 13:32:26 3180 28.59 1.966
9/28/2004 13:47:26 3195 28.59 1.965
9/28/2004 14:02:26 3210 28.58 1.965
9/28/2004 14:17:26 3225 28.58 1.965
9/28/2004 14:32:26 3240 28.58 1.965
9/28/2004 14:47:26 3255 28.58 1.965
9/28/2004 15:02:26 3270 28.58 1.966
9/28/2004 15:17:26 3285 28.58 1.966
9/28/2004 15:32:26 3300 28.58 1.966
9/28/2004 15:47:26 3315 28.57 1.967



9/28/2004 16:02:26 3330 28.57 1.968
9/28/2004 16:17:26 3345 28.57 1.968
9/28/2004 16:32:26 3360 28.57 1.969
9/28/2004 16:47:26 3375 28.57 1.97
9/28/2004 17:02:26 3390 28.57 1.97
9/28/2004 17:17:26 3405 28.57 1.971
9/28/2004 17:32:26 3420 28.57 1.972
9/28/2004 17:47:26 3435 28.57 1.973
9/28/2004 18:02:26 3450 28.57 1.973
9/28/2004 18:17:26 3465 28.57 1.974
9/28/2004 18:32:26 3480 28.57 1.974
9/28/2004 18:47:26 3495 28.56 1.975
9/28/2004 19:02:26 3510 28.56 1.975
9/28/2004 19:17:26 3525 28.56 1.975
9/28/2004 19:32:26 3540 28.56 1.975
9/28/2004 19:47:26 3555 28.57 1.975
9/28/2004 20:02:26 3570 28.57 1.974
9/28/2004 20:17:26 3585 28.57 1.973
9/28/2004 20:32:26 3600 28.57 1.973
9/28/2004 20:47:26 3615 28.57 1.972
9/28/2004 21:02:26 3630 28.57 1.97
9/28/2004 21:17:26 3645 28.57 1.969
9/28/2004 21:32:26 3660 28.57 1.967
9/28/2004 21:47:26 3675 28.58 1.965
9/28/2004 22:02:26 3690 28.58 1.963
9/28/2004 22:17:26 3705 28.58 1.961
9/28/2004 22:32:26 3720 28.59 1.959
9/28/2004 22:47:26 3735 28.59 1.957
9/28/2004 23:02:26 3750 28.59 1.955
9/28/2004 23:17:26 3765 28.59 1.953
9/28/2004 23:32:26 3780 28.59 1.951
9/28/2004 23:47:26 3795 28.61 1.95
9/29/2004 0:02:26 3810 28.61 1.948
9/29/2004 0:17:26 3825 28.61 1.947
9/29/2004 0:32:26 3840 28.61 1.946
9/29/2004 0:47:26 3855 28.61 1.945
9/29/2004 1:02:26 3870 28.61 1.944
9/29/2004 1:17:26 3885 28.61 1.944
9/29/2004 1:32:26 3900 28.61 1.942
9/29/2004 1:47:26 3915 28.59 1.943
9/29/2004 2:02:26 3930 28.59 1.943
9/29/2004 2:17:26 3945 28.59 1.942
9/29/2004 2:32:26 3960 28.59 1.943
9/29/2004 2:47:26 3975 28.59 1.943



In-Situ Inc. MiniTroll Pro

Report generated: 11/2/2000 15:38:02
Report from file: C:\Win-Situ\Data\SN08949 2004-09-26 143735 MW-10.bin
DataMgr Version 3.71

Serial number: 8949
Firmware Version 3.09
Unit name: 

Test name: MW-10

Test defined on: 9/26/2004 14:37:24
Test started on: 9/26/2004 14:37:35
Test stopped on: 9/29/2004 9:03:05
Test extracted on:   N/A

Data gathered using Linear testing
   Time between data points:   Minutes.
   Number of data samples: 266

TOTAL DATA SAMPLES 266

Channel number [1]
  Measurement type: Temperature
  Channel name:

Channel number [2]
  Measurement type: Pressure
  Channel name:
  Sensor Range:  30 PSI.
  Specific gravity: 1

Chan[1] Chan[2]
  Date   Time   ET (min) Celsius Meters H2O

-------- -------- ------------ ------------------------------
9/26/2004 14:37:35 0 28.96 2.252
9/26/2004 14:52:35 15 28.96 2.248
9/26/2004 15:07:35 30 28.98 2.244
9/26/2004 15:22:35 45 28.98 2.24
9/26/2004 15:37:35 60 28.98 2.237
9/26/2004 15:52:35 75 28.98 2.234
9/26/2004 16:07:35 90 28.98 2.231
9/26/2004 16:22:35 105 28.99 2.228
9/26/2004 16:37:35 120 28.99 2.225
9/26/2004 16:52:35 135 28.99 2.222
9/26/2004 17:07:35 150 28.99 2.228
9/26/2004 17:22:35 165 29 2.232
9/26/2004 17:37:35 180 29 2.233
9/26/2004 17:52:35 195 29 2.232



9/26/2004 18:07:35 210 29 2.229
9/26/2004 18:22:35 225 29 2.228
9/26/2004 18:37:35 240 29 2.226
9/26/2004 18:52:35 255 29 2.224
9/26/2004 19:07:35 270 29 2.223
9/26/2004 19:22:35 285 29 2.223
9/26/2004 19:37:35 300 28.99 2.221
9/26/2004 19:52:35 315 28.99 2.22
9/26/2004 20:07:35 330 28.99 2.219
9/26/2004 20:22:35 345 28.99 2.218
9/26/2004 20:37:35 360 28.99 2.217
9/26/2004 20:52:35 375 28.99 2.216
9/26/2004 21:07:35 390 28.99 2.215
9/26/2004 21:22:35 405 28.99 2.214
9/26/2004 21:37:35 420 28.99 2.212
9/26/2004 21:52:35 435 28.98 2.213
9/26/2004 22:07:35 450 28.98 2.211
9/26/2004 22:22:35 465 28.98 2.211
9/26/2004 22:37:35 480 28.98 2.21
9/26/2004 22:52:35 495 28.98 2.209
9/26/2004 23:07:35 510 28.98 2.208
9/26/2004 23:22:35 525 28.98 2.207
9/26/2004 23:37:35 540 28.98 2.207
9/26/2004 23:52:35 555 28.98 2.206
9/27/2004 0:07:35 570 28.98 2.205
9/27/2004 0:22:35 585 28.98 2.204
9/27/2004 0:37:35 600 28.98 2.202
9/27/2004 0:52:35 615 28.98 2.201
9/27/2004 1:07:35 630 28.98 2.2
9/27/2004 1:22:35 645 28.98 2.199
9/27/2004 1:37:35 660 28.98 2.198
9/27/2004 1:52:35 675 28.98 2.197
9/27/2004 2:07:35 690 28.98 2.195
9/27/2004 2:22:35 705 28.99 2.194
9/27/2004 2:37:35 720 28.99 2.192
9/27/2004 2:52:35 735 28.99 2.19
9/27/2004 3:07:35 750 28.99 2.188
9/27/2004 3:22:35 765 28.99 2.186
9/27/2004 3:37:35 780 28.99 2.185
9/27/2004 3:52:35 795 29 2.183
9/27/2004 4:07:35 810 29 2.181
9/27/2004 4:22:35 825 29 2.18
9/27/2004 4:37:35 840 29 2.178
9/27/2004 4:52:35 855 29 2.177
9/27/2004 5:07:35 870 29 2.176
9/27/2004 5:22:35 885 29 2.175
9/27/2004 5:37:35 900 29 2.174
9/27/2004 5:52:35 915 29 2.174
9/27/2004 6:07:35 930 29 2.174
9/27/2004 6:22:35 945 29 2.174
9/27/2004 6:37:35 960 28.99 2.174
9/27/2004 6:52:35 975 28.99 2.174



9/27/2004 7:07:35 990 28.99 2.174
9/27/2004 7:22:35 1005 28.99 2.174
9/27/2004 7:37:35 1020 28.98 2.175
9/27/2004 7:52:35 1035 28.98 2.176
9/27/2004 8:07:35 1050 28.98 2.176
9/27/2004 8:22:35 1065 28.96 2.178
9/27/2004 8:37:35 1080 28.96 2.178
9/27/2004 8:52:35 1095 28.96 2.179
9/27/2004 9:07:35 1110 28.96 2.181
9/27/2004 9:22:35 1125 28.96 2.182
9/27/2004 9:37:35 1140 28.95 2.183
9/27/2004 9:52:35 1155 28.95 2.186
9/27/2004 10:07:35 1170 28.95 2.187
9/27/2004 10:22:35 1185 28.95 2.189
9/27/2004 10:37:35 1200 28.95 2.19
9/27/2004 10:52:35 1215 28.94 2.192
9/27/2004 11:07:35 1230 28.94 2.192
9/27/2004 11:22:35 1245 28.94 2.194
9/27/2004 11:37:35 1260 28.94 2.196
9/27/2004 11:52:35 1275 28.94 2.197
9/27/2004 12:07:35 1290 28.94 2.199
9/27/2004 12:22:35 1305 28.93 2.202
9/27/2004 12:37:35 1320 28.93 2.203
9/27/2004 12:52:35 1335 28.93 2.205
9/27/2004 13:07:35 1350 28.93 2.206
9/27/2004 13:22:35 1365 28.93 2.207
9/27/2004 13:37:35 1380 28.93 2.207
9/27/2004 13:52:35 1395 28.93 2.207
9/27/2004 14:07:35 1410 28.93 2.206
9/27/2004 14:22:35 1425 28.93 2.205
9/27/2004 14:37:35 1440 28.93 2.203
9/27/2004 14:52:35 1455 28.93 2.2
9/27/2004 15:07:35 1470 28.94 2.198
9/27/2004 15:22:35 1485 28.94 2.195
9/27/2004 15:37:35 1500 28.95 2.193
9/27/2004 15:52:35 1515 28.95 2.19
9/27/2004 16:07:35 1530 28.95 2.187
9/27/2004 16:22:35 1545 28.96 2.184
9/27/2004 16:37:35 1560 28.96 2.181
9/27/2004 16:52:35 1575 28.96 2.179
9/27/2004 17:07:35 1590 28.96 2.177
9/27/2004 17:22:35 1605 28.98 2.175
9/27/2004 17:37:35 1620 28.98 2.173
9/27/2004 17:52:35 1635 28.98 2.171
9/27/2004 18:07:35 1650 28.98 2.17
9/27/2004 18:22:35 1665 28.98 2.169
9/27/2004 18:37:35 1680 28.98 2.168
9/27/2004 18:52:35 1695 28.99 2.167
9/27/2004 19:07:35 1710 28.98 2.167
9/27/2004 19:22:35 1725 28.98 2.166
9/27/2004 19:37:35 1740 28.98 2.165
9/27/2004 19:52:35 1755 28.98 2.165



9/27/2004 20:07:35 1770 28.98 2.165
9/27/2004 20:22:35 1785 28.98 2.165
9/27/2004 20:37:35 1800 28.98 2.164
9/27/2004 20:52:35 1815 28.98 2.164
9/27/2004 21:07:35 1830 28.96 2.165
9/27/2004 21:22:35 1845 28.96 2.164
9/27/2004 21:37:35 1860 28.96 2.164
9/27/2004 21:52:35 1875 28.96 2.164
9/27/2004 22:07:35 1890 28.96 2.164
9/27/2004 22:22:35 1905 28.96 2.164
9/27/2004 22:37:35 1920 28.96 2.164
9/27/2004 22:52:35 1935 28.96 2.164
9/27/2004 23:07:35 1950 28.96 2.164
9/27/2004 23:22:35 1965 28.96 2.164
9/27/2004 23:37:35 1980 28.96 2.164
9/27/2004 23:52:35 1995 28.96 2.164
9/28/2004 0:07:35 2010 28.95 2.164
9/28/2004 0:22:35 2025 28.95 2.163
9/28/2004 0:37:35 2040 28.96 2.162
9/28/2004 0:52:35 2055 28.96 2.161
9/28/2004 1:07:35 2070 28.96 2.161
9/28/2004 1:22:35 2085 28.96 2.16
9/28/2004 1:37:35 2100 28.96 2.159
9/28/2004 1:52:35 2115 28.96 2.158
9/28/2004 2:07:35 2130 28.96 2.156
9/28/2004 2:22:35 2145 28.96 2.155
9/28/2004 2:37:35 2160 28.96 2.153
9/28/2004 2:52:35 2175 28.98 2.151
9/28/2004 3:07:35 2190 28.98 2.149
9/28/2004 3:22:35 2205 28.98 2.147
9/28/2004 3:37:35 2220 28.98 2.146
9/28/2004 3:52:35 2235 28.99 2.143
9/28/2004 4:07:35 2250 28.99 2.141
9/28/2004 4:22:35 2265 29 2.139
9/28/2004 4:37:35 2280 29 2.137
9/28/2004 4:52:35 2295 29 2.135
9/28/2004 5:07:35 2310 29 2.134
9/28/2004 5:22:35 2325 29 2.132
9/28/2004 5:37:35 2340 29 2.131
9/28/2004 5:52:35 2355 29.01 2.13
9/28/2004 6:07:35 2370 29.01 2.13
9/28/2004 6:22:35 2385 29.01 2.129
9/28/2004 6:37:35 2400 29.01 2.128
9/28/2004 6:52:35 2415 29 2.127
9/28/2004 7:07:35 2430 29 2.127
9/28/2004 7:22:35 2445 29 2.127
9/28/2004 7:37:35 2460 29 2.127
9/28/2004 7:52:35 2475 29 2.127
9/28/2004 8:07:35 2490 29 2.127
9/28/2004 8:22:35 2505 28.99 2.128
9/28/2004 8:37:35 2520 28.99 2.129
9/28/2004 8:52:35 2535 28.99 2.129



9/28/2004 9:07:35 2550 28.99 2.129
9/28/2004 9:22:35 2565 28.98 2.13
9/28/2004 9:37:35 2580 28.99 2.131
9/28/2004 9:52:35 2595 28.98 2.131
9/28/2004 10:07:35 2610 28.98 2.132
9/28/2004 10:22:35 2625 28.98 2.133
9/28/2004 10:37:35 2640 28.96 2.134
9/28/2004 10:52:35 2655 28.96 2.135
9/28/2004 11:07:35 2670 28.96 2.136
9/28/2004 11:22:35 2685 28.96 2.137
9/28/2004 11:37:35 2700 28.96 2.138
9/28/2004 11:52:35 2715 28.96 2.139
9/28/2004 12:07:35 2730 28.95 2.14
9/28/2004 12:22:35 2745 28.95 2.141
9/28/2004 12:37:35 2760 28.95 2.141
9/28/2004 12:52:35 2775 28.95 2.142
9/28/2004 13:07:35 2790 28.95 2.143
9/28/2004 13:22:35 2805 28.95 2.143
9/28/2004 13:37:35 2820 28.95 2.144
9/28/2004 13:52:35 2835 28.95 2.144
9/28/2004 14:07:35 2850 28.95 2.144
9/28/2004 14:22:35 2865 28.95 2.144
9/28/2004 14:37:35 2880 28.95 2.144
9/28/2004 14:52:35 2895 28.95 2.144
9/28/2004 15:07:35 2910 28.95 2.143
9/28/2004 15:22:35 2925 28.95 2.14
9/28/2004 15:37:35 2940 28.96 2.138
9/28/2004 15:52:35 2955 28.96 2.136
9/28/2004 16:07:35 2970 28.96 2.134
9/28/2004 16:22:35 2985 28.96 2.132
9/28/2004 16:37:35 3000 28.98 2.13
9/28/2004 16:52:35 3015 28.98 2.128
9/28/2004 17:07:35 3030 28.98 2.126
9/28/2004 17:22:35 3045 28.99 2.125
9/28/2004 17:37:35 3060 28.99 2.123
9/28/2004 17:52:35 3075 28.99 2.123
9/28/2004 18:07:35 3090 28.99 2.122
9/28/2004 18:22:35 3105 28.99 2.12
9/28/2004 18:37:35 3120 28.99 2.12
9/28/2004 18:52:35 3135 28.99 2.12
9/28/2004 19:07:35 3150 28.99 2.12
9/28/2004 19:22:35 3165 28.99 2.119
9/28/2004 19:37:35 3180 28.99 2.12
9/28/2004 19:52:35 3195 28.99 2.119
9/28/2004 20:07:35 3210 28.99 2.12
9/28/2004 20:22:35 3225 28.99 2.12
9/28/2004 20:37:35 3240 28.99 2.12
9/28/2004 20:52:35 3255 28.99 2.12
9/28/2004 21:07:35 3270 28.99 2.121
9/28/2004 21:22:35 3285 28.98 2.122
9/28/2004 21:37:35 3300 28.98 2.122
9/28/2004 21:52:35 3315 28.98 2.123



9/28/2004 22:07:35 3330 28.98 2.124
9/28/2004 22:22:35 3345 28.98 2.125
9/28/2004 22:37:35 3360 28.98 2.125
9/28/2004 22:52:35 3375 28.96 2.126
9/28/2004 23:07:35 3390 28.96 2.127
9/28/2004 23:22:35 3405 28.96 2.127
9/28/2004 23:37:35 3420 28.96 2.128
9/28/2004 23:52:35 3435 28.96 2.128
9/29/2004 0:07:35 3450 28.96 2.129
9/29/2004 0:22:35 3465 28.96 2.13
9/29/2004 0:37:35 3480 28.96 2.13
9/29/2004 0:52:35 3495 28.96 2.13
9/29/2004 1:07:35 3510 28.95 2.13
9/29/2004 1:22:35 3525 28.96 2.13
9/29/2004 1:37:35 3540 28.95 2.13
9/29/2004 1:52:35 3555 28.96 2.129
9/29/2004 2:07:35 3570 28.96 2.128
9/29/2004 2:22:35 3585 28.96 2.127
9/29/2004 2:37:35 3600 28.96 2.126
9/29/2004 2:52:35 3615 28.96 2.125
9/29/2004 3:07:35 3630 28.96 2.124
9/29/2004 3:22:35 3645 28.98 2.122
9/29/2004 3:37:35 3660 28.98 2.12
9/29/2004 3:52:35 3675 28.98 2.118
9/29/2004 4:07:35 3690 28.98 2.116
9/29/2004 4:22:35 3705 28.99 2.114
9/29/2004 4:37:35 3720 28.99 2.112
9/29/2004 4:52:35 3735 29 2.11
9/29/2004 5:07:35 3750 29 2.109
9/29/2004 5:22:35 3765 29 2.107
9/29/2004 5:37:35 3780 29 2.106
9/29/2004 5:52:35 3795 29 2.104
9/29/2004 6:07:35 3810 29 2.104
9/29/2004 6:22:35 3825 29.01 2.103
9/29/2004 6:37:35 3840 29.01 2.101
9/29/2004 6:52:35 3855 29.01 2.101
9/29/2004 7:07:35 3870 29.01 2.1
9/29/2004 7:22:35 3885 29.01 2.1
9/29/2004 7:37:35 3900 29.01 2.099
9/29/2004 7:52:35 3915 29.01 2.1
9/29/2004 8:07:35 3930 29.01 2.099
9/29/2004 8:22:35 3945 29 2.1
9/29/2004 8:37:35 3960 29 2.1
9/29/2004 8:52:35 3975 29 2.1



In-Situ Inc. MiniTroll Pro

Report generated: 11/2/2000 15:35:17
Report from file: C:\Win-Situ\Data\SN00842 2004-09-26 142936 Test #1.bin
DataMgr Version 3.71

Serial number: 842
Firmware Version 3.09
Unit name: 

Test name: MW-27

Test defined on: 9/24/2004 15:20:42
Test started on: 9/26/2004 14:29:36
Test stopped on: 9/29/2004 8:56:09
Test extracted on:   N/A

Data gathered using Linear testing
   Time between data points:   Minutes.
   Number of data samples: 266

TOTAL DATA SAMPLES 266

Channel number [1]
  Measurement type: Temperature
  Channel name:

Channel number [2]
  Measurement type: Pressure
  Channel name:
  Sensor Range:  30 PSI.
  Specific gravity: 1

Chan[1] Chan[2]
  Date   Time   ET (min) Celsius Meters H2O

-------- -------- ------------ ------------------------------
9/26/2004 14:29:36 0 28.23 2.548
9/26/2004 14:44:36 15 28.2 2.547
9/26/2004 14:59:36 30 28.19 2.544
9/26/2004 15:14:36 45 28.19 2.542
9/26/2004 15:29:36 60 28.18 2.539
9/26/2004 15:44:36 75 28.18 2.538
9/26/2004 15:59:36 90 28.17 2.535
9/26/2004 16:14:36 105 28.17 2.532
9/26/2004 16:29:36 120 28.17 2.531
9/26/2004 16:44:36 135 28.17 2.529
9/26/2004 16:59:36 150 28.17 2.529
9/26/2004 17:14:36 165 28.17 2.534
9/26/2004 17:29:36 180 28.17 2.541
9/26/2004 17:44:36 195 28.17 2.542



9/26/2004 17:59:36 210 28.17 2.54
9/26/2004 18:14:36 225 28.17 2.538
9/26/2004 18:29:36 240 28.17 2.536
9/26/2004 18:44:36 255 28.17 2.534
9/26/2004 18:59:36 270 28.17 2.532
9/26/2004 19:14:36 285 28.17 2.53
9/26/2004 19:29:36 300 28.17 2.529
9/26/2004 19:44:36 315 28.17 2.528
9/26/2004 19:59:36 330 28.17 2.527
9/26/2004 20:14:36 345 28.17 2.526
9/26/2004 20:29:36 360 28.17 2.524
9/26/2004 20:44:36 375 28.17 2.524
9/26/2004 20:59:36 390 28.17 2.523
9/26/2004 21:14:36 405 28.17 2.522
9/26/2004 21:29:36 420 28.17 2.521
9/26/2004 21:44:36 435 28.17 2.519
9/26/2004 21:59:36 450 28.17 2.519
9/26/2004 22:14:36 465 28.17 2.518
9/26/2004 22:29:36 480 28.17 2.517
9/26/2004 22:44:36 495 28.17 2.516
9/26/2004 22:59:36 510 28.17 2.517
9/26/2004 23:14:36 525 28.17 2.514
9/26/2004 23:29:36 540 28.17 2.514
9/26/2004 23:44:36 555 28.17 2.512
9/26/2004 23:59:36 570 28.15 2.512
9/27/2004 0:14:36 585 28.17 2.512
9/27/2004 0:29:36 600 28.17 2.51
9/27/2004 0:44:36 615 28.17 2.51
9/27/2004 0:59:36 630 28.15 2.509
9/27/2004 1:14:36 645 28.17 2.508
9/27/2004 1:29:36 660 28.17 2.507
9/27/2004 1:44:36 675 28.17 2.506
9/27/2004 1:59:36 690 28.17 2.505
9/27/2004 2:14:36 705 28.17 2.505
9/27/2004 2:29:36 720 28.17 2.503
9/27/2004 2:44:36 735 28.17 2.501
9/27/2004 2:59:36 750 28.17 2.5
9/27/2004 3:14:36 765 28.15 2.499
9/27/2004 3:29:36 780 28.17 2.498
9/27/2004 3:44:36 795 28.17 2.497
9/27/2004 3:59:36 810 28.17 2.495
9/27/2004 4:14:36 825 28.17 2.494
9/27/2004 4:29:36 840 28.17 2.495
9/27/2004 4:44:36 855 28.17 2.492
9/27/2004 4:59:36 870 28.17 2.49
9/27/2004 5:14:36 885 28.17 2.49
9/27/2004 5:29:36 900 28.17 2.489
9/27/2004 5:44:36 915 28.17 2.489
9/27/2004 5:59:36 930 28.17 2.49
9/27/2004 6:14:36 945 28.17 2.486
9/27/2004 6:29:36 960 28.17 2.485
9/27/2004 6:44:36 975 28.17 2.485



9/27/2004 6:59:36 990 28.17 2.485
9/27/2004 7:14:36 1005 28.17 2.484
9/27/2004 7:29:36 1020 28.17 2.484
9/27/2004 7:44:36 1035 28.17 2.485
9/27/2004 7:59:36 1050 28.15 2.484
9/27/2004 8:14:36 1065 28.17 2.484
9/27/2004 8:29:36 1080 28.17 2.484
9/27/2004 8:44:36 1095 28.17 2.484
9/27/2004 8:59:36 1110 28.17 2.484
9/27/2004 9:14:36 1125 28.17 2.485
9/27/2004 9:29:36 1140 28.17 2.486
9/27/2004 9:44:36 1155 28.17 2.487
9/27/2004 9:59:36 1170 28.17 2.487
9/27/2004 10:14:36 1185 28.17 2.487
9/27/2004 10:29:36 1200 28.15 2.489
9/27/2004 10:44:36 1215 28.17 2.489
9/27/2004 10:59:36 1230 28.17 2.49
9/27/2004 11:14:36 1245 28.17 2.492
9/27/2004 11:29:36 1260 28.17 2.492
9/27/2004 11:44:36 1275 28.17 2.493
9/27/2004 11:59:36 1290 28.17 2.494
9/27/2004 12:14:36 1305 28.17 2.495
9/27/2004 12:29:36 1320 28.17 2.496
9/27/2004 12:44:36 1335 28.17 2.497
9/27/2004 12:59:36 1350 28.17 2.499
9/27/2004 13:14:36 1365 28.17 2.501
9/27/2004 13:29:36 1380 28.17 2.5
9/27/2004 13:44:36 1395 28.17 2.501
9/27/2004 13:59:36 1410 28.17 2.502
9/27/2004 14:14:36 1425 28.15 2.504
9/27/2004 14:29:36 1440 28.17 2.5
9/27/2004 14:44:36 1455 28.17 2.501
9/27/2004 14:59:36 1470 28.15 2.499
9/27/2004 15:14:36 1485 28.15 2.497
9/27/2004 15:29:36 1500 28.15 2.496
9/27/2004 15:44:36 1515 28.17 2.494
9/27/2004 15:59:36 1530 28.17 2.492
9/27/2004 16:14:36 1545 28.17 2.491
9/27/2004 16:29:36 1560 28.15 2.489
9/27/2004 16:44:36 1575 28.17 2.487
9/27/2004 16:59:36 1590 28.17 2.485
9/27/2004 17:14:36 1605 28.17 2.485
9/27/2004 17:29:36 1620 28.17 2.484
9/27/2004 17:44:36 1635 28.17 2.481
9/27/2004 17:59:36 1650 28.15 2.48
9/27/2004 18:14:36 1665 28.17 2.479
9/27/2004 18:29:36 1680 28.17 2.478
9/27/2004 18:44:36 1695 28.17 2.48
9/27/2004 18:59:36 1710 28.17 2.477
9/27/2004 19:14:36 1725 28.17 2.476
9/27/2004 19:29:36 1740 28.17 2.476
9/27/2004 19:44:36 1755 28.17 2.476



9/27/2004 19:59:36 1770 28.17 2.475
9/27/2004 20:14:36 1785 28.17 2.474
9/27/2004 20:29:36 1800 28.17 2.474
9/27/2004 20:44:36 1815 28.17 2.473
9/27/2004 20:59:36 1830 28.17 2.472
9/27/2004 21:14:36 1845 28.17 2.472
9/27/2004 21:29:36 1860 28.17 2.472
9/27/2004 21:44:36 1875 28.17 2.472
9/27/2004 21:59:36 1890 28.17 2.471
9/27/2004 22:14:36 1905 28.17 2.473
9/27/2004 22:29:36 1920 28.17 2.47
9/27/2004 22:44:36 1935 28.17 2.47
9/27/2004 22:59:36 1950 28.17 2.47
9/27/2004 23:14:36 1965 28.17 2.47
9/27/2004 23:29:36 1980 28.17 2.47
9/27/2004 23:44:36 1995 28.15 2.47
9/27/2004 23:59:36 2010 28.17 2.47
9/28/2004 0:14:36 2025 28.17 2.468
9/28/2004 0:29:36 2040 28.17 2.468
9/28/2004 0:44:36 2055 28.15 2.468
9/28/2004 0:59:36 2070 28.17 2.471
9/28/2004 1:14:36 2085 28.17 2.467
9/28/2004 1:29:36 2100 28.15 2.469
9/28/2004 1:44:36 2115 28.17 2.467
9/28/2004 1:59:36 2130 28.15 2.465
9/28/2004 2:14:36 2145 28.15 2.465
9/28/2004 2:29:36 2160 28.17 2.463
9/28/2004 2:44:36 2175 28.15 2.463
9/28/2004 2:59:36 2190 28.15 2.462
9/28/2004 3:14:36 2205 28.17 2.46
9/28/2004 3:29:36 2220 28.17 2.46
9/28/2004 3:44:36 2235 28.17 2.458
9/28/2004 3:59:36 2250 28.17 2.458
9/28/2004 4:14:36 2265 28.17 2.456
9/28/2004 4:29:36 2280 28.17 2.455
9/28/2004 4:44:36 2295 28.17 2.452
9/28/2004 4:59:36 2310 28.17 2.452
9/28/2004 5:14:36 2325 28.17 2.45
9/28/2004 5:29:36 2340 28.15 2.449
9/28/2004 5:44:36 2355 28.17 2.448
9/28/2004 5:59:36 2370 28.17 2.447
9/28/2004 6:14:36 2385 28.17 2.446
9/28/2004 6:29:36 2400 28.17 2.445
9/28/2004 6:44:36 2415 28.17 2.444
9/28/2004 6:59:36 2430 28.17 2.444
9/28/2004 7:14:36 2445 28.17 2.442
9/28/2004 7:29:36 2460 28.17 2.442
9/28/2004 7:44:36 2475 28.17 2.442
9/28/2004 7:59:36 2490 28.17 2.441
9/28/2004 8:14:36 2505 28.17 2.441
9/28/2004 8:29:36 2520 28.17 2.441
9/28/2004 8:44:36 2535 28.17 2.44



9/28/2004 8:59:36 2550 28.17 2.442
9/28/2004 9:14:36 2565 28.17 2.44
9/28/2004 9:29:36 2580 28.15 2.44
9/28/2004 9:44:36 2595 28.17 2.44
9/28/2004 9:59:36 2610 28.17 2.44
9/28/2004 10:14:36 2625 28.17 2.439
9/28/2004 10:29:36 2640 28.17 2.44
9/28/2004 10:44:36 2655 28.17 2.44
9/28/2004 10:59:36 2670 28.17 2.44
9/28/2004 11:14:36 2685 28.17 2.441
9/28/2004 11:29:36 2700 28.17 2.44
9/28/2004 11:44:36 2715 28.17 2.441
9/28/2004 11:59:36 2730 28.17 2.441
9/28/2004 12:14:36 2745 28.17 2.44
9/28/2004 12:29:36 2760 28.17 2.441
9/28/2004 12:44:36 2775 28.17 2.441
9/28/2004 12:59:36 2790 28.17 2.442
9/28/2004 13:14:36 2805 28.15 2.442
9/28/2004 13:29:36 2820 28.15 2.443
9/28/2004 13:44:36 2835 28.15 2.442
9/28/2004 13:59:36 2850 28.17 2.442
9/28/2004 14:14:36 2865 28.17 2.442
9/28/2004 14:29:36 2880 28.15 2.443
9/28/2004 14:44:36 2895 28.17 2.443
9/28/2004 14:59:36 2910 28.17 2.441
9/28/2004 15:14:36 2925 28.15 2.442
9/28/2004 15:29:36 2940 28.17 2.44
9/28/2004 15:44:36 2955 28.17 2.439
9/28/2004 15:59:36 2970 28.17 2.438
9/28/2004 16:14:36 2985 28.17 2.436
9/28/2004 16:29:36 3000 28.17 2.435
9/28/2004 16:44:36 3015 28.17 2.434
9/28/2004 16:59:36 3030 28.17 2.433
9/28/2004 17:14:36 3045 28.17 2.431
9/28/2004 17:29:36 3060 28.15 2.431
9/28/2004 17:44:36 3075 28.17 2.43
9/28/2004 17:59:36 3090 28.17 2.429
9/28/2004 18:14:36 3105 28.17 2.428
9/28/2004 18:29:36 3120 28.17 2.427
9/28/2004 18:44:36 3135 28.17 2.428
9/28/2004 18:59:36 3150 28.17 2.425
9/28/2004 19:14:36 3165 28.17 2.425
9/28/2004 19:29:36 3180 28.17 2.425
9/28/2004 19:44:36 3195 28.17 2.425
9/28/2004 19:59:36 3210 28.17 2.425
9/28/2004 20:14:36 3225 28.17 2.425
9/28/2004 20:29:36 3240 28.17 2.424
9/28/2004 20:44:36 3255 28.17 2.422
9/28/2004 20:59:36 3270 28.17 2.421
9/28/2004 21:14:36 3285 28.17 2.421
9/28/2004 21:29:36 3300 28.17 2.421
9/28/2004 21:44:36 3315 28.17 2.422



9/28/2004 21:59:36 3330 28.17 2.421
9/28/2004 22:14:36 3345 28.17 2.421
9/28/2004 22:29:36 3360 28.17 2.421
9/28/2004 22:44:36 3375 28.17 2.422
9/28/2004 22:59:36 3390 28.17 2.421
9/28/2004 23:14:36 3405 28.17 2.421
9/28/2004 23:29:36 3420 28.17 2.422
9/28/2004 23:44:36 3435 28.17 2.422
9/28/2004 23:59:36 3450 28.17 2.422
9/29/2004 0:14:36 3465 28.17 2.422
9/29/2004 0:29:36 3480 28.17 2.423
9/29/2004 0:44:36 3495 28.17 2.423
9/29/2004 0:59:36 3510 28.17 2.423
9/29/2004 1:14:36 3525 28.17 2.423
9/29/2004 1:29:36 3540 28.17 2.422
9/29/2004 1:44:36 3555 28.17 2.422
9/29/2004 1:59:36 3570 28.17 2.422
9/29/2004 2:14:36 3585 28.17 2.421
9/29/2004 2:29:36 3600 28.17 2.421
9/29/2004 2:44:36 3615 28.17 2.421
9/29/2004 2:59:36 3630 28.17 2.421
9/29/2004 3:14:36 3645 28.17 2.419
9/29/2004 3:29:36 3660 28.17 2.419
9/29/2004 3:44:36 3675 28.17 2.42
9/29/2004 3:59:36 3690 28.17 2.418
9/29/2004 4:14:36 3705 28.17 2.416
9/29/2004 4:29:36 3720 28.17 2.415
9/29/2004 4:44:36 3735 28.17 2.414
9/29/2004 4:59:36 3750 28.17 2.413
9/29/2004 5:14:36 3765 28.17 2.411
9/29/2004 5:29:36 3780 28.17 2.41
9/29/2004 5:44:36 3795 28.15 2.41
9/29/2004 5:59:36 3810 28.17 2.409
9/29/2004 6:14:36 3825 28.17 2.412
9/29/2004 6:29:36 3840 28.17 2.407
9/29/2004 6:44:36 3855 28.17 2.405
9/29/2004 6:59:36 3870 28.17 2.405
9/29/2004 7:14:36 3885 28.17 2.404
9/29/2004 7:29:36 3900 28.17 2.403
9/29/2004 7:44:36 3915 28.17 2.403
9/29/2004 7:59:36 3930 28.17 2.403
9/29/2004 8:14:36 3945 28.17 2.402
9/29/2004 8:29:36 3960 28.17 2.401
9/29/2004 8:44:36 3975 28.17 2.401



 

 

APPENDIX E 
 

SLUG TEST DATA 



Aquifer Parameter Calculations 

Hydraulic gradient 

Water table elevations were plotted on a map of the site. A water table contour 
map was drawn with flow,lines (depicting groundwater flow direction) perpendicu- 
lar to the groundwater elevation contours. The groundwater hydraulic gradient 
was calculated by subtracting the differences in groundwater elevation (in feet) 
between two points on the map and dividing the elevation difference by the 
distance between the two points to obtain a resulting gradient in feet per foot 
(ft/ft>. Water elevation data collected on October 18 and December 4, 1993, were 
used to calculate hydraulic gradients at the site. For each date, three 
traverses were made perpendicular to equipotential contour lines to calculate an 
average site hydraulic gradient. For each traverse, the hydraulic gradient was 
calculated as follows: 

i - (h, - h,) / d (1) 

where 

i = hydraulic gradient (ft/ft), 
h, = water table elevation, upgradient (feet), 
hz = water table elevation, downgradient (feet), and 
d = horizontal distance (feet) between h, and h, along a flow line. 

Hydraulic gradients calculated in this manner varied from 1.04~10-~ :ft/ft 
2.o4x1o-3 ft/ft. The average hydraulic gradient at the site was calculated 
be 1.52~10-~ ft/ft. 

to 
to 

Hydraulic conductivity 

Hydraulic conductivity (K) from slug test data was calculated following the 
methods of Bouwer and Rice (1976) and Bouwer (1989) for partially penetrating 
wells screened inunconfined aquifers. The followingwell informationwas needed 
to assess the hydraulic conductivity: 

. radius of well casing (r,), 

. rw = radius of borehole (r, plus radius of the sand pack surrounding the 
well screen), 

. length of screened interval below the water table (L,), 

. effective well radius (r,), 

. depth of well below the water table (LJ, 

. depth to confining unit or bottom of aquifer below the static water 
table (H), and 

. plot of time versus the logarithm of y, where y is the difference 
between the static water level outside the well and the water level 
inside the well. 

F)yClub.CAR 
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Figure D-l is a well diagram depicting most of the aquifer and well parameters. 
Calculations were made assuming that 4, < H. K was calculated as follows: 

K= [R,' In(?) - 2&l IL t ln(2c)l (2) 
Y 

where 

y0 = y at time zero, and 
yt = y at time t. 

, 

The effective well radius, r,, and the term [(l/t)ln(yO/yt)] were derived by 
using the computer program AQTESOLVN (Geraghty & Miller, Inc., 1989). This 
computer program follows procedures and assumptions outlined by Bouwer (1989). 

Slug test graphs are attached at the end of this appendix. Values of y were 
calculated for a particular time, t, and plotted on the graph. The computer 
program selects a "best-fit" line through the data points by linear regression 
along a "straight-line" portion of the graph. The slope of the "best-fit" line 
is used to calculate the hydraulic conductivity, K. 

Three slug tests each were performed inside monitoring wells MW-4 and MW-6. K 
is reported in feet per minute (ft/min) on the slug test graphs, and was 
recalculated to feet per day (ft/day). K was found to vary from 4.3x10-l ft/day 
to 1.36 ft/day with an average K of 9.5x10-i ft/day. 

Average pore water velocity 

Estimates of average pore water velocity were obtained using the following 
formula: 

V- (K*I)/n (3) 

where 

V = seepage velocity in ft/day, 
K = hydraulic conductivity in ft/day, 
i = hydraulic gradient, and 
n - estimated porosity. 

Assuming an estimated porosity of 30% for weathered to oolitic limestone (Davis 
and Dewiest, 1966), an average hydraulic gradient of 1.52~10~~ ft/ft, and an 
average hydraulic conductivity of 9.4x10-l ft/day, the average pore water 
velocity is calculated as follows: 

v = (9.4x10-i ft/day * 1.52~10~~ ft/ft)/ 0.30 
V- 4.8~10~~ ft/day 
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Data set........... A:127MW4Rl.set 
Data set title..... KYW-127-MW4 RUN#l 

Knowns and Constants: 
No. of data points .................. 
Radius of well casing ............... 
Radius of well ...................... 
Aquifer saturated thickness ......... 
Well screen length .................. 
Static height of water in well ...... 
Log(Re/Rw) .......................... 
A, B, C ............................. 

52 
0.083 
0.334 
8.42 
10 
8.42 
2.46 

0.000, 0.000, 1.967 

==============================================================================~’ 

ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

===============================================================================: 
RESULTS FROM STATISTICAL CURVE MATCHING 

STATISTICAL MATCH PARAMETER ESTIMATES 

Estimate Std. Error 
K = 4.18863-003 +/- 2.52883-004 
yo = 5.73473-001 +/- l-76553-002 

ANALYSIS OF MODEL RESIDUALS 

residual = calculated - observed 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals............... 52 
Number of estimated parameters.... 2 
Degrees of freedom................ 50 
Residual mean..................... 0.01597 
Residual standard deviation....... 0.03629 





AQTESOLV RESULTS 
Version 1.10 

01/26/94 12:04:0 

---------------------------------------=----====--------- ----------_____----------~-~~~~~~~~~~-- ====================== 

TEST DESCRIPTION 

Data set........... A:127MW4R2.SET 
Data set title..... KYW-127-MW4 RUN#2 

Knowns and Constants: 
No. of data points .................. 61 
Radius of well casing ............... 0.083 
Radius of well ...................... 0.334 
Aquifer saturated thickness ......... 8.42 
Well screen length .................. 10 
Static height of water in well ...... 8.42 
Log(Re/Rw) .......................... 2.46 
A, B, C ............................. 0.000, 0.000, 1.967 

==============================================================================~ 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

-----------------__--------------- =============================================---------------------------------- 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 7.47953-004 
yo = 2.18093+000 

TYPE CURVE DATA 

K = 5.844893-004 
yo = 2.020643+000 

Time Drawdown Time Drawdown Time Drawdown 
__-------- _--------- _________- ---------- ---------- ---------- 
O.OOOE+OOO 2.021E+OOO 1,20OE+OOl 5.1323-004 
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AQTESOLV RESULTS 
Version 1.10 

01/26/94 12:44:4! 

===============================================================================: 
TEST DESCRIPTION 

bata set........... A:127MW4R3,SET 
Data set title..... KYW-127-MW4 RUN#3 

Knowns and Constants: 
No. of data points .................. 58 
Radius of well casing ............... 0.083 
Radius of well ...................... 0.334 
Aquifer saturated thickness ......... 8.42 
Well screen length .................. 10 
Static height of water in well ...... 8.42 
Log(Re/Rw) .......................... 2.46 
A, B, C ............................. 0.000, 0.000, 1.967 

==============================================================================- 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

--------------------~~~~-~--------------~~---~--~------------------------------. --------------------~~~~-~--------------~~-------------------------------------. 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 7.80923-004 
yo = 2.18093+000 

TYPE CURVE DATA 

K = 4.828793-004 
yo = 2.207463+000 

Time Drawdown Time Drawdown Time Drawdown 
---------- ---------- ---------- ---------- ---------_ ---------- 
O.OOOE+OOO 2.2073+000 9.000E+OOO 1.3073-002 
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AQTESOLV RESULTS 
Version 1.10 

01/26/94 14:28:4C 

---- -------_____-__----------------------------------------- ====================---------------------------------------------------- 

TEST DESCRIPTION 

Data set........... A:127MW6Rl.SET 
Data set title..... KYW-127~MW6 RUN#l 

Knowns and Constants: 
No. of data points .................. 54 
Radius of well casing ............... 0.083 
Radius of well ...................... 0.334 
Aquifer saturated thickness ......... 8.29 
Well screen length .................. 10 
Static height of water in well ...... 8.29 
Log(Re/Rw) .......................... 2.45 
A, B, C ............................. 0.000, 0.000, 1.967 

---------w-------m 
==============================================================---------------- 

ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

------------------------------------------------------------------------------~ ----------------------------------------------- 

RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 8.12303-004 
yo = 0,0000E+000 

TYPE CURVE DATA 

K = 7.634523-004 
YO = l.O3850E+OOO 

Time Drawdown Time Drawdown Time Drawdown 
---------- ---------- ---------- ---------- ---------- -------B-B 
O.OOOE+OOO l.O38E+OOO 7.000E+OOO 1.8453-003 





AQTESOLV RESULTS 
Version 1.10 

01/26/94 14:51:1; 

----___--_-------------------------------------------------------------------: -----------_-------e-m 

TEST DESCRIPTION 

Data set........... A:127MW6R2.SET 
Data set title..... KYW-127~MW6 RUN#2 

KI towns and Constants: 
No. of data points .................. 48 
Radius of well casing ............... 0.083 
Radius of well ...................... 0.334 
Aquifer saturated thickness ......... 8.29 
Well screen length .................. 10 
Static height of water in well ...... 8.29 
Log(Re/Rw) .......................... 2.45 
A, B, C ............................. 0.000, 0.000, 1.967 

----________________-----------------------~ --------------------==============--------,~---------------~------------------- __---__---_-------- 

ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

--------_--------------_____-------------------------------------------------- --------_---------------~~~-~--~~~.w.~~~- ----________________----------- 

RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 1.30173-003 
yo = -7.7451E+304 

TYPE CURVE DATA 

K = 9.043123-004 
YO = 1,24902E-001 

Time Drawdown Time Drawdown Time Drawdown 
---------- ---------- ---------- ---------- ---------- -a-------- 
O.OOOE+OOO 1.2493-001 4,00OE+OOO 1.7173-003 
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AQTESOLV RESULTS 
Version 1.10 

01/26/94 15:01:2C 

TEST DESCRIPTION 

Data set........... A:127MW6R3.SET 
Data set title..... KYW-127~MW6 RUN#3 

Knowns and Constants: 
No. of data points .................. 62 
Radius of well casing ............... 0.083 
Radius of well ...................... 0.334 
Aquifer saturated thickness ......... 8.29 
Well screen length .................. 10 
Static height of water in well ...... 8.29 
Log(Re/Rw) .......................... 2.45 
A, B, C ............................. 0.000, 0.000, 1.967 

==========--=================b====================================================~- 

ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

===============================================================================: 

RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 3.38733-004 
yo = -7.74513+304 

TYPE CURVE DATA 

K = 2.987223-004 
YO = 2.36728E+OOO 

Time Drawdown Time Drawdown Time Drawdown 
---------- ---------- ---------- ---------- -----s---- ---------- 
O.OOOE+OOO 2.3673+000 1.200E+OOl 3.3833-002 
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