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1.0 PROJECT SUMMARY 

 Charlotte County Utilities (CCU) selected Johnson Engineering, Inc. to conduct an Upper 

Floridan aquifer drilling and testing program at a site on the Babcock Ranch Preserve in order to 

address questions from the South Florida Water Management District (SFWMD) related to 

permitting of a 3 million gallon per day (mgd) Upper Floridan aquifer wellfield for back-up 

supply. As part of the drilling and testing program, Johnson Engineering constructed an Upper 

Floridan aquifer test well 1,200 feet deep, along with monitor wells in both the  Surficial and 

Intermediate aquifers. Water quality samples were collected during the drilling of the Upper 

Floridan aquifer well using the reverse air method, and specific capacity testing was performed. 

The well was also geophysically logged and water quality samples were collected at discrete 

depths using a bailer. Johnson Engineering performed a 3-day aquifer performance test (APT) on 

the Upper Floridan aquifer using the test well as a production well and a nearby existing 

agricultural irrigation well open to the Upper Floridan aquifer as an observation well during the 

test. Water levels in the Surficial and Intermediate aquifer wells were also monitored during the 

test. Upon completion of the APT, Johnson Engineering analyzed the resultant drawdown and 

recovery data to calculate site-specific hydraulic properties for the Upper Floridan aquifer. 

Finally, water samples were collected from the Upper Floridan aquifer test well and analyzed for 

selected water quality parameters. See Figure 1 for well locations at the proposed CCU Babcock 

Ranch wellfield. 
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Figure 1. Aerial photograph with project site location and other test sites in the region. 
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2.0  INTRODUCTION 

Charlotte County Utilities (CCU) submitted SFWMD water use permit application 

#071101-3 in November 2007, originally requesting a public water supply allocation of 

approximately 24.5 million gallons per day (MGD) from an Upper Floridan aquifer wellfield 

located on lands of the Babcock Ranch Preserve owned by the State of Florida. The application 

was subsequently modified over the course of the next 3 years to reduce the requested allocation 

to 12.5 MGD, and then to the current requested amount of 3 MGD for back-up supply. The 

production wells proposed for CCU’s back-up supply wellfield at Babcock Ranch were 

originally proposed with estimated cased and total depths of 500 and 750 feet, respectively. In a 

series of requests for additional information (RAIs), the SFWMD expressed concerns pertaining 

to whether the proposed cased and total depths would result in cross-connection of the 

Intermediate (Lower Hawthorn) and Floridan (Suwannee) aquifer systems, as well as whether 

withdrawal of the proposed allocation would cause upconing of saline groundwater that could 

potentially impact other legal existing users or the resource. Specifically, this drilling and testing 

program is designed to address Question #1 of the RAI from the SFWMD dated August 4, 2010, 

which reads: 

1. Please complete a monitor well and then submit lithologic and water quality 

information at various depths at the wellfield site that demonstrate that the 

production horizon is from a single aquifer system, pursuant to Rule 40E-

3.502(1)(FAC). 

CCU selected Johnson Engineering to prepare a drilling and testing program to address 

SFWMD concerns regarding aquifer/production zone depths, hydraulic connectivity, and water 

quality variations with depth; and then to construct the test wells, and conduct aquifer 

performance and water quality testing based on the testing program. The drilling and testing 

program prepared by Johnson Engineering replaces that prepared by Malcolm Pirnie and 

submitted to the SFWMD on June 26, 2008. See Appendix A for a copy of the SFWMD RAI 

this drilling and testing program was designed to address. See Appendix B for a copy of the 

Upper Floridan Aquifer Drilling and Testing Plan prepared by Johnson Engineering. 

In order to acquire the site-specific information necessary to provide the SFWMD with 

reasonable assurances and secure issuance of the water use the permit, Johnson Engineering 
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prepared a hydrogeological drilling and testing program to assess the characteristics of the Upper 

Floridan aquifer at the project site, and submitted the program to the SFWMD permit reviewer 

for review and approval, as per the scope of services. At the request of the SFWMD, Johnson 

Engineering revised the total depth of the proposed Upper Floridan aquifer test well from 1,000 

to 1,200 feet below land surface (bls). In cooperation with CCU, Johnson Engineering selected a 

test well location near an existing agricultural irrigation well open to the Upper Floridan aquifer 

on Babcock Ranch Preserve lands. Charlotte County obtained permission from the State of 

Florida to carry-out the drilling and testing program on State lands. The test site is located near 

the proposed location of the CCU Babcock Ranch wellfield.  

In fulfillment of the drilling and testing program, Johnson Engineering constructed an 

Upper Floridan aquifer test well cased to 470 feet bls and open to 1,200 feet bls, an Intermediate 

aquifer monitor well with cased and total depths of 62 and 240 feet bls, respectively, and a 

Surficial aquifer monitor well with cased and total depths of 13 and 21 feet bls, respectively. 

During construction of the Upper Floridan aquifer well, Johnson Engineering collected water 

quality samples during drilling using the reverse air method, and had the well geophysically 

logged under both static and dynamic conditions. Upon completion of the wells, a 3-day constant 

rate APT was performed on the Upper Floridan aquifer using the Upper Floridan aquifer test 

well as the pumping well and the existing agricultural irrigation well as the observation well. 

Water levels in the Surficial and Intermediate aquifer monitor wells were recorded before, during 

and after the APT to assess whether appreciable hydraulic connectivity exists between the Upper 

Floridan aquifer and the shallower aquifer systems. Johnson Engineering analyzed the resultant 

drawdown and recovery data to calculate hydraulic parameters for the Upper Floridan aquifer at 

the CCU Babcock Ranch wellfield site. 

Using the data obtained from the drilling and testing program, Johnson Engineering 

prepared a response to the SFWMD’s RAI that addressed connectivity among the aquifer 

systems in the area and the potential for water quality degradation due to the proposed 

withdrawal. The groundwater flow model used to provide reasonable assurances regarding 

drawdown and impacts to existing legal users was also revised using the site-specific hydraulic 

parameters derived from the APT, per the advisory comment in the SFWMD RAI: 
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1. Upon receipt of the monitor well data, it will be reviewed to determine if an 

aquifer performance test (APT) will be required. If an APT is required, the 

model, upconing analysis and monitoring plan submittals will need to be 

updated to reflect the APT results. 

3.0 WELL CONSTRUCTION 

As part of the scope of services, Johnson Engineering agreed to construct one (1) 4-inch 

by 50-foot deep Surficial aquifer monitor well, one (1) 4-inch by 250-foot deep Intermediate 

aquifer monitor well, and one (1) 6-inch by 1,000 foot deep Floridan aquifer monitor well. 

Actual well construction details were modified slightly to correspond to the lithologies 

encountered in the field and to accommodate SFWMD-requested revisions to the drilling and 

testing program prepared by Johnson Engineering. See Appendix C for SFWMD well 

construction permits. 

Johnson Engineering used equipment leased from Five Stones Well Drilling, LaBelle 

Well Drilling and Hertz, including a drill rig, mud system and other drilling equipment. Licensed 

water well contractors on-staff at Johnson Engineering performed all well construction. 

On April 12, 2011, the Florida Department of Environmental Protection (FDEP) granted 

permission to Charlotte County to access State lands to conduct the drilling and testing program. 

See Appendix D for a copy of the letter of consent from the FDEP. The consent granted by the 

FDEP was to remain in effect from the date of execution of the letter, as executed by Charlotte 

County on April 13, 2011, until December 30, 2011. 

See Figure 2 for locations of completed test wells. 
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Figure 2. Test and monitor well location map.   
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JE-585 

Prior to beginning test well construction, Johnson Engineering performed a videolog of 

an existing agricultural irrigation well open to the Upper Floridan aquifer and located near the 

proposed test site. This well, JE-585, is included on SFWMD water use permit #08-00132-W for 

agricultural irrigation for the Babcock Ranch Preserve. JE-585 has a 12-inch diameter steel 

casing that extends to a depth of approximately 270 feet from top of casing (TOC) and a total 

depth of 551 feet from TOC. On April 15, 2011, Johnson Engineering staff measured a static 

water level of 8.1 feet below TOC and a specific capacity of approximately 30 gallons per 

minute per foot (gpm/ft) for the well. Johnson Engineering also collected a water quality sample 

from JE-585 and performed an in-house chloride titration. The sample reported a specific 

conductance of 1,548 microsiemens per centimeter (µS/cm) and a chloride concentration of 254 

milligrams per liter (mg/L). 

Intermediate Aquifer Monitor Well JE-1501 

Construction of the Intermediate aquifer monitor well, JE-1501, began on April 28, 2011. 

A 5-inch diameter pilot hole was drilled to 240 feet bls in order to determine the cased and total 

depths of the well. During construction of all monitor wells, well cuttings were collected and 

described at 10-foot intervals or at major changes in lithology. Drilling was conducted using the 

mud rotary method except where explicitly noted. The pilot hole was reamed to 8 inches to a 

depth of 62 feet bls, and 4-inch schedule 40 PVC well casing was installed to that depth and 

grouted using 10 94-pound sacks of Portland Type I/II neat cement. The well was cleaned out to 

240 feet bls using a 3-7/8-inch roller cone bit and air-lift developed. The well had a low yield of 

approximately 5 gpm. 

Surficial Aquifer Monitor Well JE-1502 

Construction of Surficial aquifer monitor well JE-1502 started on May 3, 2011. Johnson 

Engineering drilled a 7-7/8-inch borehole to 21 feet bls and set 13 feet of 4-inch schedule 40 

PVC well casing with 8 feet of 4-inch schedule 40 PVC 0.032-slot well screen. Ten sacks of 6/20 

silica sand were emplaced around the screen to a depth of 4.5 feet bls and topped off with 1 sack 

of cement. The well was air-lift developed. 
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Upper Floridan Aquifer Monitor Well JE-1503 

Johnson Engineering began construction of Upper Floridan aquifer monitor well JE-1503 

on May 4, 2011. Using a 14-3/4-inch bit, a borehole was drilled to 61 feet bls and 10-inch 

diameter schedule 40 PVC surface casing was set to that depth. The surface casing was grouted 

using 32 sacks of neat cement. After setting surface casing, a 5-1/4-inch diameter pilot hole was 

advanced to 618 feet bls. No significant production zone was encountered during drilling of the 

pilot hole. Based on the lithology observed during drilling of the pilot hole, Johnson Engineering 

reamed the borehole to 470 feet bls using a 9-5/8-inch bit and conditioned the hole with 

bentonite in preparation for geophysical logging. On May 16, 2011, MV Geophysical logged the 

borehole for dual induction, natural gamma and caliper to a depth of 467 feet bls.  

On May 17, 2011, Johnson Engineering ran 6-inch diameter schedule 40 PVC well 

casing to a depth of 470 feet bls and pressure grouted the first lift using 40 sacks of cement with 

5% high yield drilling mud chased with 50 gallons of water. Cement from the first lift was 

tagged at 255 feet bls in the annulus the following day. The casing was then pressurized to 60 

psi, and a second lift consisting of 52 sacks of cement with 5% high yield drilling mud was 

brought to land surface using the tremmie method. Johnson Engineering tagged cement inside 

the casing at 463 feet bls on May19, 2011 and proceeded to advance the borehole to 860 feet bls 

using the mud rotary drilling method, as necessitated by the presence of sand in the borehole. 

Beginning the week of May 23, 2011, Johnson Engineering air-lift developed the interval 

from 470 to 830 feet bls at a rate of approximately 600 gpm and switched over to the reverse air 

drilling method. The borehole was then advanced to 1,200 feet bls using reverse air. While 

drilling using the reverse air method, water quality samples were collected at 20-foot intervals 

and analyzed for specific conductance and total dissolved chloride by Johnson Engineering staff. 

At 60-foot intervals, specific capacity tests were performed, and water quality samples were 

collected at the end of each test. The samples were submitted to Benchmark EnviroAnalytical, 

Inc. lab to be analyzed for specific conductance, total dissolved solids (TDS), total dissolved 

chloride, sulfate, sodium and hardness. Water quality and specific capacity samples collected 

using this method yielded inconclusive results, since, as additional geophysical logging would 

later show, all major production zones occur above 860 feet bls. When the borehole had been 
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advanced to the final depth of 1,200 feet bls, a final specific capacity test was conducted. The 

test reported a value of 29 gpm/ft for the entire open interval. 

MV Geophysical returned to log the completed well on June 6, 2011. Prior to logging, the 

well had been shut in since June 1. Under initial static conditions, MV Geophysical ran fluid 

resistivity, natural gamma, and temperature logs. Grab samples were then collected using a bailer 

at 520, 620, 800, 1,000, and 1,180 feet bls under static conditions. Finally, caliper and flow logs 

were run. A set of logs was also run under dynamic conditions, pumping the well at 

approximately 160 gpm. These logs included temperature, flow and fluid resistivity. 

Following the completion of all test wells, Johnson Engineering conducted a 3-day 

aquifer performance test on the Upper Floridan aquifer using JE-1503 as the pumping well and 

monitoring water levels in JE-585, JE-1501 and JE-1502. The pumping portion of the test ran 

from June 13 to 16, followed by 6 days of recovery. The APT pumped JE-1503 at a rate of 

approximately 125 gpm. Samples for a suite of water quality parameters were collected from JE-

1503 on August 13, 2011. 

See Table 1 for a summary of well construction details. 

Well 
Cased Depth 

(ft bls) 
Total Depth  

(ft bls) 
Surface Casing 
Depth (ft bls) 

Open/Screened 
Interval (ft bls) 

JE-585 270 551 N/A 270-551 

JE-1501 62 240 N/A 497-620 

JE-1502 13 21 N/A 13-21 

JE-1503 470 1,200 0-61 470-1,200 

Table 1. Test well construction details. 

 

 See Appendix E for well construction details and photographs. 



 

-10- 

4.0 HYDROGEOLOGY 

Well cuttings were collected at ten-foot intervals or at major changes in lithology during 

the drilling of all three test wells. The cuttings were collected prior to passing through the mud 

system. Johnson Engineering described the collected well cuttings and compiled the following 

lithologic description based on the results.  

The lithology at the Charlotte County Utilities Babcock Ranch wellfield site consists of 

approximately 30 feet of surficial sands and layers of large shell and shell fragments. A shell bed 

underlies the surficial sands from approximately 13 to 30 feet bls. Some silt stone may occur 

below 20 feet bls. These shell and sand layers comprise the Surficial aquifer, which displays high 

yield at the project site, with most yield coming from the deeper shell bed. Many of the 

agricultural irrigation wells at the Ranch are constructed in the Surficial aquifer due to the good 

productivity and fresh water quality of this zone. 

The confining layer between the Surficial and Intermediate Aquifer Systems consists of 

clays of moderate stiffness and plasticity beginning around 30 feet bls and extending to 60 feet 

bls at the test site. This silty clay contains some shell and fine-grained limestone fragments, 

which decrease below 50 feet bls. A phosphatic limestone is present below the confining layer 

and comprises the Intermediate Aquifer System. The thin layer of fine-grained limestone only 

extends from approximately 60 to 65 feet bls at the test site. Although observation of cuttings 

indicated good porosity due to the presence of shell, test well JE-1501 open to this layer does not 

produce significant amounts of water, as determined by specific capacity testing. A silty clay 

with some shell from 65 to 70 feet bls occurs beneath the limestone layer, followed by silt with 

clay and trace amounts of limestone and shell. A sequence of clays and silts containing some to 

trace amounts of limestone and shell extends from approximately 65 feet bls to 460 feet bls. The 

color ranges from white to dark grayish-brown, and phosphate is present. These clays and silts 

form the confining layer between the Intermediate Aquifer System and the Floridan aquifer.  

The top of the Lower Hawthorn producing zone of the Upper Floridan aquifer begins at 

approximately 460 feet bls and consists of a weathered limestone that contains appreciable 

amounts of clay near the top, as well as trace phosphate and shell. Moldic porosity is observed in 

the cuttings. A clay layer occurs beneath the limestone at approximately 490 feet bls, followed 

by an interval of alternating silts and clays from 500 to 610 feet bls. These layers contain 
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phosphate and trace to appreciable amounts of fine-grained white limestone with shell that is 

poorly to moderately indurated. A second distinct sandy limestone layer occurs from 610 to 620 

feet bls, followed by sand with clay and interbedded limestone layers from 620 to 650 feet bls, 

and a sandy limestone to sandstone layer at 650 to 660 feet bls. The interval from approximately 

610 to 660 feet bls produces large amounts of sand. A fine grained limestone layer 

approximately 10 feet thick is present from 660 feet bls, and underlain by a layer of clay with silt 

from 670 to 690 feet bls. 

The main part of the Suwannee limestone begins at approximately 690 feet bls and 

consists of fine-grained, poorly to moderately indurated limestone with varying amounts of shell 

and fines. Portions of the limestone display secondary and moldic porosity based on examination 

of the cuttings, although these observed characteristics of the rock may not necessarily 

correspond to a production zone, as determined from geophysical logging. From 980 to 1,100 

feet bls, the limestone is finely laminated and breaks into plates resembling shell at times. The 

limestone may be in the process of transitioning to dolomite, although it does not appear to have 

fully reached this stage. Occasional clay layers occur throughout this interval, such as from 780 

to 790 feet bls and 1,045 to 1,050 feet bls. Below 1,100 feet bls, the limestone has a chalkier 

texture with minor amounts of shell and fines. In the interval from 1,150 to 1,180 feet bls, small 

visible crystals of calcite appear. Beginning around this depth and extending to approximately 

1,185 feet bls, layers of a lime mud matrix with embedded shell, limestone and sand occurs 

within the dominantly limestone lithology. Presence of the silty, fine-grained limestone 

continues until termination of the borehole at 1,200 feet bls. Visible calcite crystals also occur 

within the interval from 1,185 to 1,190, and trace amounts of a phosphatic sandstone appear from 

1,190 to 1,200 feet bls. 

 See Appendix F for lithologic logs for test well JE-1503. 
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5.0 GEOPHYSICAL LOGGING 

 Johnson Engineering contracted with MV Geophysical Survey to log Upper Floridan 

aquifer test well JE-1503 both during and after construction. The logs were designed to assess 

the physical properties of the aquifer and subsurface lithology at the project site. Dual induction, 

X-Y caliper and natural gamma logs were run on the reamed borehole prior to setting casing.  A 

complete suite of geophysical logs was also run following the completion of the well. 

Geophysical logging included X-Y caliper, natural gamma, dual induction, high resolution 

temperature, fluid conductivity and flow under both static and dynamic conditions, although not 

all logs were run in every instance. Logging generally included two passes through the borehole, 

which consisted of the main pass, when the logging tool was initially lowered, and a repeat 

section as the tool was returned to land surface. Results, often used in conjunction with lithologic 

and water quality data, and interpretations of note are as follows. 

The X-Y caliper log performed on the completed well clearly shows the washout zones 

associated with the interbedded limestones and sands from approximately 615 to 650 feet bls. 

The natural gamma signal also drops off immediately above this interval, indicating the 

termination of the clastic portion of the phosphate-rich Arcadia Formation. Above this depth 

within the Arcadia Formation, decreases in the natural gamma signal correspond to limestone 

layers encountered from 460 to 490 feet bls and from approximately 290 to 330 feet bls, as noted 

in the driller’s log, although the cuttings from these depths appear as dominantly clay.  

The flow logs show flow zones at approximately 514-520, 655-670, 690-710, 755-772, 

788-800 and 845-855 feet bls. No flow occurs below approximately 855 feet bls, according to 

the logs. The uppermost major flow zone appears to exist around 650 feet bls, although 

interpretation of this part of the log can be complicated by the presence of the wash-outs from 

approximately 615 to 650 feet bls. Flow data were also collected at seven stations centered at 

450, 510, 590, 650, 750, 840 and 900 feet bls. As expected, flow increased up-borehole, from 0 

to over 48 counts per second (cps) between 900 and 450 feet bls, which equates to fluid 

velocities of 0 to 18 feet per minute. A calibration run using a known line speed was performed 

inside the casing under static conditions in order to determine that 1 cps was equal to 

approximately 0.39 ft/min. 



 

-13- 

The dynamic fluid conductivity logs shows conductivity of the fluid in the borehole 

remaining stable down to approximately 650 feet bls, then gradually increasing until 

approximately 860 feet bls, after which point it decreases to the bottom of the borehole. The 

static fluid conductivity log shows an increase in conductivity from 400 feet (inside the casing) 

until approximately 610 feet bls. It then levels off until 800 feet bls, after which point it 

decreases until the bottom of the borehole. Water quality samples collected from discrete depths 

using a bailer show a similar overall water quality trend. Samples were collected at 520, 620, 

800, 1,000, and 1,200 feet bls and analyzed for chloride, total dissolved solids and specific 

conductance. The analysis results also show all parameters increasing with depth until 

approximately 800 feet bls and then becoming fresher with depth. 

Induction logs measure the electrical conductivity of the surrounding formation, whereas 

the fluid conductivity logs measure the conductivity of the fluid in the borehole. Effective 

porosity may also influence the resistivity readings from the dual induction logs. The induction 

logs show a decrease is resistivity from approximately 610 to 650 feet bls, corresponding with 

the wash-out zone. This drop may be attributable to the higher effective porosity due to the voids 

at this interval, rather than a degradation of water quality. Smaller decreases in resistivity also 

occur from approximately 660-690, 705-720, 740-760, 765-790 and 795-840 feet bls. Resistivity 

increases slightly with depth in the borehole until approximately 1,100 to 1,150 feet bls, where it 

gradually dips again before increasing near the bottom of the borehole. Fluid conductivity logs 

also show a freshening of water quality with depth below approximately 800 feet bls. 

 See Appendix G for copies of the geophysical logs.  
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6.0 TESTING DURING DRILLING 

 During drilling using the reverse air method, Johnson Engineering collected water quality 

samples at 20-foot intervals and analyzed them for specific conductance and total dissolved 

chloride. Specific capacity tests were also performed at 20-foot intervals coincident with the 

water quality samples. At 40-foot intervals, water quality samples were collected at the end of 

every other specific capacity test and analyzed for specific conductance, total dissolved solids 

(TDS), total dissolved chloride, sulfate, sodium and hardness by a certified analytical laboratory. 

The air line for the drill rig was used to stress the well for testing conducted during drilling, and 

flow was measured using a barrel orifice with known dimensions. The barrel orifice consisted of 

a barrel with four 1-inch diameter holes, the lowest part of each of which was 0.12 feet off the 

bottom of the barrel. An orifice flow equation was then used to calculate flow with depth from 

the bottom of the barrel. 

 Johnson Engineering measured the flow rate from the well using the barrel orifice and 

measured specific conductance in the field using a calibrated meter. Water quality samples were 

collected in pre-labeled sample bottles provided by Benchmark EnviroAnalytical lab for analysis 

of chloride and TDS concentration and specific conductance for the depths of 820, 860, 900, 

940, 980, 1,020, 1,060, 1,100, 1,140, 1,180, and 1,200 feet bls. 

 The testing was performed at the following depths: 
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JE-1503 Tests 

Depth Date 
Specific 

Conductance 
(mS/cm) 

Static Water 
Level (feet 

BTOC) 

Pumping Water 
Level (feet 

BTOC) 

Pump 
Rate 

(gpm) 

620 5/23/11 2.25 8.88 10.8 50 

840 5/23/11 2.23 8.88 12.05 50 

780 5/25/11 2.25 9.20 12.30 50 

800 5/25/11 2.50 9.20 11.32 50 

820 5/25/11 2.55 9.20 11.85 50 

840 5/25/11 2.18 9.20 11.75 50 

860 5/25/11 2.57 9.20 11.40 50 

880 5/25/11 2.61 9.20 11.15 50 

900 5/25/11 2.75 9.20 11.60 50 

920 5/25/11 2.57 9.20 11.37 50 

940 5/25/11 2.69 9.20 10.88 50 

960 5/25/11 2.70 9.20 10.95 50 

980 5/27/11 2.54 9.25 10.90 48 

1,000 5/27/11 2.41 9.25 11.02 48 

1,020 5/27/11 2.25 9.25 10.94 48 

1,040 5/27/11 2.41 9.25 10.62 48 

1,060 5/27/11 2.59 9.25 10.70 48 

1,080 5/27/11 2.46 9.25 10.62 48 

1,100 5/27/11 2.39 9.25 10.67 48 

1,100 5/31/11 2.75 8.95 10.15 48 

1,120 5/31/11 2.51 8.95 10.24 48 
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Depth Date 
Specific 

Conductance 
(mS/cm) 

Static Water 
Level (feet 

BTOC) 

Pumping Water 
Level (feet 

BTOC) 

Pump 
Rate 

(gpm) 

1,140 5/31/11 2.48 8.95 10.18 48 

1,160 5/31/11 2.49 8.95 10.30 48 

1,180 5/31/11 2.46 8.95 10.30 48 

1,200 5/31/11  8.95 10.09 47 

1,200 6/1/11  8.88 11.36 94* 

1,200 6/1/11  8.88 14.05 160* 

1,200 6/1/11  8.88 14.35 160* 

1,200 6/6/11  8.94 14.40 160* 

*Well stressed using a pump 

Table 2. JE-1503 results of testing during drilling. 

 Johnson Engineering could not begin advancing the borehole using the reverse air 

method until approximately 860 feet bls due to the presence of sand primarily originating from 

the interval from 615 to 660 feet bls. Samples listed for depths above 860 feet bls, therefore, may 

not be representative of that discrete depth. By the time the reverse air method could be 

employed, all of the major production zones had been intersected previously using mud rotary 

drilling. As a result, the specific capacity and specific conductance data collected do not show 

any clear trends with depth, since the tested interval from 860 to 1,200 feet bls does not 

contribute appreciable flow to the well. Specific capacity testing performed on the well at the end 

of construction reports a value of 29 gpm/ft. The specific capacity of the well provides an 

estimate of transmissivity for the formation of 58,000 gallons per day per foot (gpd/ft), or 7,750 

feet squared per day (ft2/d; Driscoll, 2003). This value generally agrees with others reported for 

the Upper Floridan aquifer in this area. 
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7.0 FLORIDAN AQUIFER PERFORMANCE TESTING AND 

DRAWDOWN MODELING 

 At the completion of test well construction, Johnson Engineering performed a three-day 

constant pumping rate aquifer performance test and subsequent recovery test on the Upper 

Floridan aquifer at the test site. The APT used test well JE-1503 as the pumping well and 

monitored water levels in JE-585, used as an observation well representative of the Upper 

Floridan aquifer. JE-585 is located approximately 802 feet east of JE-1503 and has cased and 

total depths of 270 and 551 feet bls, respectively. Water levels in Intermediate aquifer monitor 

well JE-1501 and Surficial aquifer monitor well JE-1502 were also monitored in order to 

determine whether appreciable hydraulic connectivity exists between these shallower aquifers 

and the Upper Floridan aquifer production zone. See Figure 2 for well locations. 

 Prior to beginning the pumping portion of the test, background water levels from JE-1503 

and all 3 monitoring wells (JE-585, JE-1501 and JE-1502) were collected for 6 days. 

Immediately prior to beginning the pumping portion of the APT, the datalogger data collection 

interval for the instruments in the Upper Floridan aquifer test/monitor well and JE-585 was re-set 

to record data every second and then increased in graduated steps to 3-minute intervals for the 

duration of the pumping portion of the APT. The APT ran from June 13 to June 16, 2011 using 

test well JE-1503 as the pumping well and JE-585 as the observation well. The pumping portion 

of the APT ran for a total of 4,321 minutes and had an average pumping rate of 125 gpm. 

Immediately prior to ending the pumping portion of the APT, the datalogger data collection 

interval for the instruments in the Upper Floridan aquifer test/monitor well and J-585 was again 

re-set to record data every second and then increased in graduated steps to 3-minute intervals for 

the duration of the recovery portion of the APT. The dataloggers/pressure transducers remained 

in the wells for approximately 6 days after turning off the pump to collect recovery water level 

data. The temporary pump used for the APT also remained in JE-1503 during the recovery 

period. Water levels in JE-1503 and JE-585 returned to or near background levels within 

approximately 30 hours of turning off the pump. Water levels in Surficial aquifer monitor well 

JE-1502 rose during the test due to disposal of water pumped from JE-1503 into a nearby ditch 

creating a mounding of the water table. Hydrographs from wells JE-1501, JE-1502, JE-1503 and 

JE-585 have been provided as Figures 3. 
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Figure 3. Hydrograph of water levels during APT. 
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 Water levels recorded in JE-585 exhibited a background declination of approximately 0.5 

feet during the APT. In order to account for this background trend unrelated to the test, 

drawdown was calculated relative to a linear interpolation between pre-APT and post- recovery 

water levels so as not to over-estimated drawdown in JE-585 created by pumping JE-1503. See 

Figure 4 for a plot of JE-585 water levels and the trend line used to calculate drawdown.  

 Drawdown data from JE-585 were analyzed using a Hantush and Jacob (1955) leaky 

aquifer solution and a manual fit of the data. Data used in the curve matching analysis were 

unsampled. The data analysis produced a transmissivity value of 11,440 feet squared per day, a 

storage coefficient value of 1.1e-3, and a leakance value of 7.1e-4 per day. See Figure 5 for 

drawdown data curve matching and analysis. Analysis of recovery data from JE-1503 using the 

Theis (1946) recovery solution produced a similar transmissivity value of 12,560 feet squared 

per day. See Figure 6 for recovery data analysis. These values also agree well with those 

measured at the Town and Country Utilities (TCUC; SFWMD #08-00122-W) APT site. Testing 

at the TCUC wellfield, approximately 4 miles to the south of the Charlotte County Utilities site, 

reported a transmissivity value of 10,800 feet squared per day, a storage coefficient value of 

1.56e-4, and a leakance value of 2.1e-4 per day.  
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Figure 4. JE-585 water level during APT. 
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Figure 5. JE-585 APT drawdown data analysis. 
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Figure 6. JE-1503 APT recovery data analysis. 
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Several other APTs conducted on the Upper Floridan aquifer within 5 to 20 miles of the 

project site report transmissivity values consistent with that measured at the CCU Babcock 

Ranch wellfield test site. The storage and leakance values calculated at the test site also fall 

within the ranges reported for those aquifer parameters from other APTs in the area. See Figure 

7 for Floridan aquifer parameters derived from other APTs conducted in the area. 

In response to an advisory comment from the SFWMD included on the August 4, 2010 

RAI for the CCU SFWMD water use permit application, Johnson Engineering revised the 

groundwater modeling of the requested Upper Floridan aquifer withdrawals using hydraulic 

parameters calculated from the results of the APT. A single layer WINFLOW (version 3.05) 

model using a Hantush and Jacob (1955) Leaky Aquifer solution was developed to depict the 

CCU public supply wellfield. In accordance with the SFWMD Basis of Review, the model 

simulated withdrawals of 3.0 mgd from 3 production wells (1.0 mgd per well) for a period of 90 

days without rainfall recharge. The model predicts up to 9 feet of drawdown near the center of 

the CCU wellfield. See Figure 8 for a map of predicted drawdown in the Upper Floridan aquifer. 

 Based on results from the revised modeling, the 1-foot drawdown contour created by 

withdrawing the requested allocation from the Charlotte County Utilities wellfield may intersect 

Lower Hawthorn/Upper Floridan aquifer uses at the East Charlotte Drainage District (#2689) and 

Lady Moon Farms (#9648) within the Southwest Florida Water Management District 

(SWFWMD). The SWFWMD identifies the source for the East Charlotte Drainage District and 

Lady Moon Farms as from the Intermediate Aquifer System. However, these permitted users 

were included in the cumulative impact model because the listed well construction details are 

similar to those of JE-585, which shows hydraulic connectivity with Upper Floridan test well JE-

1503. 

 Additionally, six Babcock Ranch Lower Hawthorn/Upper Floridan aquifer wells 

(SFWMD #08-00132-W) were also included in the cumulative impact model. These wells 

include: A5-2 (JE-584), B6-1 (JE-588), B6-4 (JE-704), C4-2 (JE-614), D3-1 (JE-618) and D4-2 

(JE-613). Most of these wells are listed as secondary or standby facilities and do not have rated 

capacities. All wells, with the exception of D3-1, were simulated using a conservative pumping 

rate of 1 mgd each. The model simulated withdrawals of 72,000 gpd from D3-1 due to the small 

diameter and low measured yield of that well.  
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 Withdrawals by the Town and Country Utilities public supply wellfield (SFWMD #08-

00122-W) were also included in the model as a large nearby user in the Upper Floridan aquifer, 

although the 1-foot drawdown contours of the two projects do not intersect. Please refer to Table 

3 for permitted users included in the cumulative impact model, along with their number of wells 

and withdrawal rates. The model simulated withdrawal rates for the facilities permitted through 

the SWFWMD based on the peak day allocations assigned for each facility, as obtained from the 

SWFWMD web site.   

The cumulative impact model results indicate that up to 20 feet of drawdown may occur 

at some of the East Charlotte Drainage District wells (Figure 9), and approximately 12 feet may 

occur at the CCU production wells. Based on the lowest recorded water level of 45.8 feet, 

NGVD measured at ROMP 5 (Suwannee) and a top of aquifer depth of -396 feet, NGVD (450 

feet bls), 421.8 feet of potentiometric head will remain above the top of the aquifer based on the 

greatest predicted drawdown.  

On August 24, 2011, Johnson engineering submitted a response to the SFWMD RAI 

based on the results of the drilling and testing program, including a discussion of the lithology 

and water quality encountered during drilling and the geophysical logging results. APT data 

analyses and determination of hydraulic parameters for the Upper Floridan aquifer at the CCU 

test site were also provided to the SFWMD, along with revised drawdown modeling, per the 

advisory comment in the SFWMD’s August 2010 letter. See Appendix H for a copy of the RAI 

response. 

Permit # Project Name 
Max Month 
Allocation 

(mgm) 
Source 

SFWMD 

08-00122-W 
Town and Country 

Utilities 
205.1 Upper Floridan aquifer (17 wells) 

08-00132-W 
Babcock Ranch 

Preserve 
152.28 Lower Hawthorn aquifer/FAS (6 wells) 

SWFWMD 

2689 
East Charlotte 

Drainage District 
397.92 

Intermediate (per SWFWMD; 17 wells 
varying rates) 

9648 Lady Moon Farms 51.67 Intermediate (per SWFWMD; 6 wells) 

Table 3. Permitted users included in cumulative impact model  
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Figure 7. Floridan aquifer hydraulic parameters. 
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Figure 8. Predicted Floridan aquifer drawdown  due to CCU withdrawals. 
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Figure 9. Predicted Floridan aquifer drawdown due to cumulative withdrawals. 
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8.0       WATER QUALITY ANALYSES 

 The collection of water quality samples occurred throughout the drilling and testing 

program, in order to assess changes in water quality with depth and address SFWMD concerns 

regarding the potential for upconing of saline water. Water quality samples were collected during 

the drilling of JE-1503 when using the reverse air method, as well as at discrete depths during 

geophysical logging. Johnson Engineering personnel collected all of the water quality samples, 

and performed all field specific conductance analyses. All other water quality samples were sent 

to Benchmark EnviroAnalytical, Inc. for analysis by a NELAC-certified lab. Samples intended 

for analysis by Benchmark were collected in pre-labeled, laboratory-issued sample bottles and 

stored in coolers with ice prior to pick-up by or delivery to the lab within the specified hold time. 

Results of water quality analyses are provided in Appendix I. 

Reverse Air Drilling 

 Water quality samples were collected from JE-1503 any time drilling was conducted 

using the reverse air method. A sample was collected after advancement of every other length of 

drill rod (each approximately 20 feet in length for a sampling increment of 40 feet). For each 

sampling event, Johnson Engineering personnel collected a water quality sample for analysis of 

specific conductance, total dissolved solids (TDS) and dissolved chloride by Benchmark. This 

sampling was intended to assess of changes in water quality with depth. Water quality samples 

were collected for the depths of 820, 860, 900, 940, 980, 1,020, 1,060, 1,100, 1,140, 1,180, and 

1,200 feet bls. At the end of every rod (20 feet), Johnson Engineering personnel also performed a 

field measurement of specific conductance using a calibrated portable meter. 

 Johnson Engineering could not begin advancing the borehole using the reverse air 

method until approximately 860 feet bls due to the presence of sand. By the time the reverse air 

method could be employed, all of the major production zones had been intersected previously 

using mud rotary drilling. As a result, the water data collected do not show any clear trends with 

depth, since the tested interval from 860 to 1,200 feet bls does not contribute appreciable flow to 

the well. All measured parameters remain fairly stable throughout this interval. See Figure 10 

for a plot of water quality with depth in JE-1503. 
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Figure 10. Results of water quality sampling collected during drilling using reverse air 
method . 
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Geophysical Logging 

 During the geophysical logging event on June 6, 2011, MV Geophysical collected grab 

samples from JE-1503 using a bailer at the discrete depths of 520, 620, 800, 1,000, and 1,180 

feet bls. Prior to sample collection, the well had been shut in since June 1. Sampling was 

performed under static conditions in order to generate a profile of native formation water quality 

with depth. The samples collected were analyzed for dissolved chloride, sulfate, TDS and 

specific conductance by Benchmark. Results showed a gradual increase in all four parameters 

from 520 feet bls to a peak at 800 feet bls, after which point the values of all four parameters 

decreased until the bottom of the borehole. The values measured for 1,200 feet bls depth were 

lower than those measured at 520 feet bls in the case of all four parameters. See Figure 11 for a 

plot of water quality with depth as sampled using the bailer method. 

Aquifer Performance Testing 

 Water quality samples were collected daily during the pumping portion of the APT at 24, 

48 and 72 hours from JE-1503. Water quality sampling consisted of chloride and specific 

conductance analysis by Johnson Engineering staff. The chloride concentrations from the three 

samples range from 582 to 591 mg/L, while specific conductance ranged from 2,060 to 2,270 

µS/cm, with no discernable trends over time or between parameters. These results also agree 

well with those collected during drilling using the reverse air method for depths below 860 feet 

bls. This chloride value exceeds the FDEP secondary water quality standard for 250 mg/L set for 

chloride. 
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Figure 11. Results of water quality sampling collected using a bailer . 
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9.0 SUMMARY 

Johnson Engineering prepared an Upper Floridan aquifer drilling and testing program to 

address questions from the SFWMD related to Charlotte County Utilities’ water use permit 

application #071101-3 requesting a back-up supply allocation of 3 million gallon per day (mgd) 

from an Upper Floridan aquifer wellfield. Specifically, the program was designed to collect 

lithologic and water quality data to determine whether the requested production interval sources 

water from a single aquifer within the Floridan Aquifer System. The simplified drilling and 

testing program prepared by Johnson Engineering replaced an earlier program prepared by 

Malcolm Pirnie and submitted to the SFWMD. The Johnson Engineering program proposed 

construction  three test/monitor wells open to the Surficial, Intermediate and Floridan Aquifer 

Systems, along with geophysical logging, flow measurement and water quality sampling 

performed during drilling, and a constant rate, 3-day APT on the Upper Floridan aquifer at the 

completion of test well construction. The plan was submitted to the SFWMD for review and 

approval prior to the commencement of test well construction. 

From April to June 2011, Johnson Engineering constructed one Intermediate Aquifer 

System monitor well (JE-1501), one Surficial Aquifer System monitor well (JE-1502) and one 

1,200-foot deep Upper Floridan aquifer monitor well (JE-1503) at a test site near the Charlotte 

County Utilities proposed Floridan aquifer wellfield site on the Babcock Ranch Preserve. Both 

the 470-foot-deep reamed borehole and 1,200-foot-deep borehole for JE-1503 were 

geophyscially logged, including collection of static and dynamic flow measurement and water 

quality samples at discrete depths within the borehole using a bailer. Water quality sampling and 

specific capacity testing was also conducted during drilling of JE-1503 when the reverse air 

drilling method could be utilized.  

Results from the water quality analyses show the tested parameters remaining relatively 

stable with depth within the borehole down to 1,200 feet bls. No flow zones exist between 

approximately 860 and 1,200 feet bls at the location of JE-1503. A confining layer consisting of 

low permeability limestone occurs from approximately 860 to at least 1,200 feet bls and 

separates the fresher Upper Floridan aquifer production zone from the deeper, more saline 

portion of the aquifer, which was not encountered during drilling. Water quality within the Upper 

Floridan aquifer production zone has chloride concentrations approaching 600 mg/L, which 
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exceeds FDEP secondary drinking water standards and will require advanced treatment prior to 

use. 

Once all three test/monitor wells had been completed, Johnson Engineering performed a 

3-day constant rate aquifer performance test on the Upper Floridan aquifer and analyzed the 

resultant drawdown and recovery data. The test used JE-1503 as the pumping well and 

monitored water levels in all 3 test/monitor wells, as well as in an existing agricultural irrigation 

well open to the Upper Floridan aquifer and located proximate to the test site. Hydraulic 

parameters for the Upper Floridan aquifer calculated from the APT data were input into a 

WINFLOW model in order to predict the potential drawdown associated with CCU potable 

supply withdrawals from the Upper Floridan aquifer, as discussed in an advisory comment in the 

SFWMD’s August 2010 letter. Johnson Engineering modeled proposed withdrawals by CCU 

alone, and then conducted a cumulative impact model including other permitted users of the 

Upper Floridan aquifer in both the SWFWMD and SFWMD. The results of the cumulative 

impact model predict approximately 12 feet of drawdown at the CCU Babcock Ranch wellfield 

due to the combined withdrawals. 

Based on the results of the drilling and testing program, the proposed cased and total 

depths of the Upper Floridan aquifer production wells were revised to 660 and 900 feet bls, 

respectively, to coincide with depths of production zones encountered during drilling. The 

revised depths are greater than those proposed in the original water use permit application. A 

revised wellfield lay-out consisting of three production wells was prepared to provide the 

requested allocation of 3 mgd. On August 24, 2011, Johnson Engineering submitted a response 

to the SFWMD August 2010 request for additional information that included lithologic, 

geophysical and water quality data collected during the drilling and testing program, results of 

the aquifer performance testing and data analysis, revised drawdown modeling, revised well 

depths, and a revised wellfield lay-out. 
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Collection of drill cutting samples during pilot hole of JE-1503.   
 
 

 
Limestone cuttings removed from drilling mud by orbital shaker. 
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View of drilling site looking southeast. 

 

 
Breaking a connection.     Making a connection. 
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Final casing run for JE-1503.  Second stage cement lift on final casing for JE-1503. 

Reverse-air drilling.     Air-lift pumping well development. 
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Dual Induction logging tool setup.   Bailer sample retrieval. 
 

 
X-Y Caliper & Gamma logging tool.  Flow logging tool. 

  

kka
Rectangle

kka
Rectangle

kka
Rectangle

kka
Rectangle



 

Appendix F 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 74

Upper Floridan Aquifer Test Well JE-1503 
 

Depth (feet bls)  Lithology 

0-13 SILT with clay, some organic matter and fine sand, sub-angular, 
light grey (2.5Y 7/2). 

13-30 SHELL with clay. White bivalve shell, up to 1 to 2-inch fragments, 
some moderately indurated silt stone below 20 feet bls, dark grey 
(2.5Y 4/1). 

30-60 CLAY with silt, moderately stiff, some shell up to 2-inchesand 
fine-grained limestone, shell casts, dark grey (2.5Y 4/1) to black 
(2.5Y 2.5/1). Shell decreasing below 50 feet bls. 

60-65 LIMESTONE, fine grained, some shell and shell casts, good 
porosity, light grey (2.5Y 7/1). 

65-70 CLAY with silt, some shell, light grey (2.5Y 7/1). 

70-100 SILT with clay, some to trace white limestone and shell, light grey 
(2.5Y 7/1) to white (2.5Y 8/1). 

100-160 CLAY with silt, some to trace limestone and shell fragments, light 
yellowish brown (2.5Y 6/3) to dark greyish brown (2.5Y 4/2) to 
dark grey (2.5Y 4/1). With white silty clay below 130 feet bls. 

160-180 SILT with clay, white nodules of clay, some to trace limestone, 
light brownish grey (2.5Y 6/2). 

180-230 CLAY with silt, white, trace limestone and shell, shell casts, 
phosphatic sand. Limestone increasing with depth and phosphate 
becoming coarser. Light grey (2.5Y 7/2) below 210 feet bls. 

230-240 SILT with clay, some limestone and shell fragments, light 
brownish grey (2.5Y 6/2). 

240-280 CLAY with silt, soft, trace limestone and phosphate, olive grey 
(2.5Y 5/2). 

280-330 CLAY with silt as above, white (2.5Y 8/1) to light grey (2.5Y 7/2), 
trace phosphate and white, fine-grained limestone.   

330-340 CLAY with silt, some shell and limestone fragments, pale yellow 
(2.5Y 7/4). 

340-420 SILT with clay, limestone and shell fragments, limestone fine-
grained with shell casts, trace phosphate, light grey (2.5Y 7/1). 
Clay increasing below 360 feet bls and shell and limestone 
decreasing. 

420-460 CLAY with silt, some limestone, light grey (5Y 7/2). 
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460-490 LIMESTONE, fine-grained, very poorly indurated, moldic 
porosity, with silty clay, some shell, trace phosphate, white (5Y 
8/1). 

490-500 CLAY with silt, some shell fragments up to 1-inch and limestone, 
light grey (5Y 7/1). 

500-530 SILT with clay, shell and limestone fragments, white to light grey 
(5Y 7/1). Limestone fine-grained and poorly to moderately 
indurated with shell casts. Clay increasing below 520 feet bls, shell 
and limestone decreasing. 

530-600 CLAY with silt, soft, some to trace small limestone and shell 
fragments, limestone fine-grained and moderately indurated, trace 
coarse phosphate, light grey (5Y 7/1) to white. 

600-610 CLAY with silt, as above, grey (5Y 6/1), phosphatic. 

610-620 LIMESTONE, sandy, fine-grained, poorly indurated, trace 
phosphate, light grey (5Y 7/2) to grey (5Y 6/1) with clayey sand. 

620-650 SAND with clay, white, soft and sticky, with Interbedded 
limestone layers, as above, trace phosphate. Clay becoming siltier 
with depth and limestone decreasing. Drilling notes indicate 
harder/firmer material from 625 to 636 and 640-660 feet bls. 

650-660 Sandy LIMESTONE to SANDSTONE, fine-grained, poorly 
indurated, trace phosphate, pale yellow (5Y 8/2). 

660-670 LIMESTONE, fine-grained, poorly indurated, with shell, white to 
pale yellow. 

670-690 CLAY with silt, some limestone, as above, light grey (5Y 7/2) to 
white. 

690-710 LIMESTONE, white, fine-grained, poorly indurated with clay, as 
above, some shell, trace phosphate. 

710-760 LIMESTONE, as above, poorly to moderately indurated, some 
secondary porosity, with shell, some silt below 720 feet bls, 
turning light grey (5Y 7/1) below 750 feet bls. 

760-780 LIMESTONE, as above, sandy, poorly indurated, some porosity. 

780-790 CLAY with silt and limestone, as above, pale yellow (2.5Y 8/2). 

790-800 LIMESTONE, as from 710-760 feet bls, not sandy, poorly 
indurated, white. 

800-840 LIMESTONE, as above, some silt, light grey (2.5Y 7/2). 

840-900 LIMESTONE, as above, sandy, poorly indurated, fine-grained, 
some shell and shell casts, pale yellow (2.5Y 8/2). 
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900-930 LIMESTONE, as above, secondary and moldic porosity, some 
shell. 

930-970 LIMESTONE, as above, little porosity and shell. 

970-980 LIMESTONE, as above, with shell. 

980-1045 Platy LIMESTONE fragments, finely laminated, possibly 
becoming dolomitized, with fine-grained, poorly indurated 
limestone, as above. 

1045-1050 CLAY with silt, some shell and limestone, as above, light grey (5Y 
7/2). 

1050-1100 Platy LIMESTONE fragments, as from 980-1,045 feet bls, some 
limestone with large crystals. Limestone increasing below 1,090 
feet bls. 

1100-1150 LIMESTONE, silty, fine-grained, poorly indurated, chalky texture, 
pale yellow (5Y 8/2) to light grey (5Y 7/2). Trace to some shell 
below 1,120 feet bls, secondary porosity from 1,140 to 1,150 feet 
bls.  

1150-1180 LIMESTONE, silty to sandy, fine-grained, moderately indurated, 
some to trace shell, small visible crystals, pale yellow (5Y 7/3). 
Some shell embedded in silty lime matrix below 1,160 feet bls. 

1180-1185 As above, with grey (5Y 5/1) lime mud with embedded sand and 
limestone fragments, some shell molds. 

1185-1190 LIMESTONE, silty, fine-grained, poorly indurated, some 
secondary porosity, light grey (5Y 7/2), some shell, trace visible 
calcite crystals. 

1190-1200 LIMESTONE, as from 1,100-1,150 feet bls, pale yellow (5Y 8/2), 
some secondary porosity, some shell and grey, fine-grained 
limestone, trace phosphatic sandstone. 

 
 
 

Water Table Aquifer Test Well JE-1502 
 

Depth (feet bls)  Lithology 

0-13 SILT with clay, some organic matter and fine sand, sub-angular, 
light grey (2.5Y 7/2). 

13-21 SHELL with clay. White bivalve shell, up to 1 to 2-inch fragments, 
some moderately indurated silt stone below 20 feet bls, dark grey 
(2.5Y 4/1). 
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Intermediate Aquifer Test Well JE-1501 
 

Depth (feet bls)  Lithology 

0-13 SILT with clay, some organic matter and fine sand, sub-angular, 
light grey (2.5Y 7/2). 

13-30 SHELL with clay. White bivalve shell, up to 1 to 2-inch fragments, 
some moderately indurated silt stone below 20 feet bls, dark grey 
(2.5Y 4/1). 

30-60 CLAY with silt, moderately stiff, some shell up to 2-inchesand 
fine-grained limestone, shell casts, dark grey (2.5Y 4/1) to black 
(2.5Y 2.5/1). Shell decreasing below 50 feet bls. 

60-65 LIMESTONE, fine grained, some shell and shell casts, good 
porosity, light grey (2.5Y 7/1). 

65-70 CLAY with silt, some shell, light grey (2.5Y 7/1). 

70-100 SILT with clay, some to trace white limestone and shell, light grey 
(2.5Y 7/1) to white (2.5Y 8/1). 

100-160 CLAY with silt, some to trace limestone and shell fragments, light 
yellowish brown (2.5Y 6/3) to dark greyish brown (2.5Y 4/2) to 
dark grey (2.5Y 4/1). With white silty clay below 130 feet bls. 

160-180 SILT with clay, white nodules of clay, some to trace limestone, 
light brownish grey (2.5Y 6/2). 

180-230 CLAY with silt, white, trace limestone and shell, shell casts, 
phosphatic sand. Limestone increasing with depth and phosphate 
becoming coarser. Light grey (2.5Y 7/2) below 210 feet bls. 

230-240 SILT with clay, some limestone and shell fragments, light 
brownish grey (2.5Y 6/2). 

  



 

Appendix G 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



























































































































 

Appendix H 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 140

 



 

 141



 

 142

 



 

 143

 



 

 144



 

 145



 

 146



 

 147

 



 

 148



 

 149



 

 150



 

 151



 

 152

 

   



 

Appendix I



 

 154

Water Quality Samples Collected During Drilling 
from JE-1503 
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Water Quality Samples Collected at Discrete Depths 
from JE-1503 Using Bailer 
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