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Executive Summary

The South Florida Water Management District (SFWMD) oversaw the construction
and testing of a Floridan aquifer exploratory well (OKF-105) in Okeechobee County,
Florida. The well is located on the west side of the Kissimmee River, adjacent to
structure S-65C, approximately 20 miles northwest of the City of Okeechobee.
Construction and testing of OKF-105 took place in three phases over three years.
The well was built in order to gather geologic, hydrogeologic, and water quality data
in the Floridan aquifer system to 2,500 feet below land surface (bls). The finished
well consists of three zones that monitor different intervals within the Floridan
aquifer system. The upper monitor zone spans the interval from 372 to 525 feet bls
in the upper Floridan aquifer. The middle monitor zone spans the interval from
1,150 to 1,468 feet bls in the Avon Park permeable zone. The lower monitor zone
spans the interval from 2,130 to 2,251 feet bls in a semi-confining layer between
two flow zones in the lower Floridan aquifer. The SFWMD selected this lower zone
for long-term monitoring because the water quality was significantly different from
the surrounding sections in the borehole.

Drilling progressed through several formations and ended in the Eocene-age
Oldsmar Formation at a total depth of 2,500 feet bls. The sediments in the Floridan
aquifer system are primarily carbonates (limestone and dolostone) with some
sections containing evaporite minerals (anhydrite and gypsum) toward the bottom
of the borehole. Lithologic descriptions, water quality data, and geophysical logs
helped determine the location and thickness of the various production horizons in
the Floridan aquifer system. The upper Floridan aquifer is 160 feet thick, ranging
from 365 to 525 feet bls; however, this zone contained no discernable flow zones.
The water in this zone comes from the primary or matrix porosity of the rocks. The
Avon Park permeable zone was 85 feet thick, from 1,385 to 1,470 feet bls. This
interval contained two significant flow zones that produce most of the water in this
well. The water in this zone comes from fractures and solution channels in the rock.
The lower Floridan aquifer consists of two flow zones separated by a semi-confining
unit. This aquifer extends from approximately 1,625 feet to the bottom of the
borehole at 2,500 feet bls. The first production horizon in the lower Floridan aquifer
is 275 feet thick and extends from 1,625 to 1,900 feet bls. The top of the second
production horizon starts around 2,265 feet bls and extends at least 135 feet to the
bottom of the borehole at 2,500 feet bls. The semi-confining unit between the two
production horizons is 365 feet thick.

The upper monitor zone of this well covers an interval between 372 and 525 feet bls
in the upper Floridan aquifer. The water quality in this zone is brackish (total
dissolved solids (TDS) concentration of 1,473 milligrams per liter
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[mg/1]), and is composed of water that transitions to seawater. The middle monitor
zone covers an interval between 1,150 and 1,468 feet bls. It extends from above the
Avon Park permeable zone to near the base of this zone. The water quality in this
zone is also brackish (TDS concentration of 1,495 mg/l). The lower monitor zone
covers an interval from 2,130 to 2,251 feet bls into the semi-confining unit between
the two flow zones in the lower Floridan aquifer. This zone had water that was
fresher than the over- and underlying zones based on the TDS concentrations
calculated from the induction log. The water in this zone is saline (TDS
concentration of 18,836 mg/1).

The base of the top of the underground source of drinking water (USDW), where the
total dissolved solids concentration in the groundwater is 10,000 milligrams per
liter, occurs around 1,660 feet bls at this site. The top of the G-II aquifer water
quality is 1,430 feet bls based on the TDS concentrations calculated from the
induction log. Water quality data collected from packer tests confirmed the
calculated TDS concentrations from the induction log in the lower sections of the
borehole.

All three monitor zones in the well are artesian. Water levels as of January 31, 2009
were 46.08, 44.87, and 49.94 feet above the National Geodetic Vertical Datum
(NGVD) of 1929 for the upper, middle, and lower monitor zones, respectively.

The SFWMD'’s staff and contractors installed a CR-10X data logger with pressure
transducers in the three monitor zones of OKF-105. This well is now part of the
SFWMD'’s regional Floridan aquifer monitoring well network.
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Introduction

This report documents the construction and testing of the Floridan aquifer system
(FAS) monitoring well OKF-105. The well is adjacent to the S-65C structure on the
Kissimmee River, approximately 20 miles northwest of the City of Okeechobee,
Florida. The purpose of this project was to evaluate different horizons within the
FAS for aquifer storage and recovery (ASR) and water supply purposes. The South
Florida Water Management District (SFWMD) will also use OKF-105 for long-term
monitoring to understand the vertical gradients within the FAS. This site is located
in the center of Section 27 of Township 35 South, Range 32 East (Figure 1). During
the construction and testing of OKF-105, the SFWMD had the wellhead on another
FAS well (OKF-42) replaced, which is located approximately 597 feet southwest of
OKF-105. This well is completed into the upper portions of the Floridan aquifer and
the middle confining unit.

Figure 1. Project location map.
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1.1

1.2

1.3

Background

OKF-105 and OKF-42 are located in the lower portion of the SFWMD’s Kissimmee
Basin Planning Area (KBPA). The KBPA generally reflects the drainage basin of the
Kissimmee River. The region encompasses the northern portion of the SFWMD,
extending from southern Orange County to the north shore of Lake Okeechobee. The
KBPA includes parts of Orange, Osceola, Polk, Highlands, Okeechobee, and Glades
counties. Water supply plans for the KBPA identified the FAS as a possible water
supply source. Based on these plans, the SFWMD initiated a program of exploratory
well construction, aquifer testing, and long-term monitoring (water quality and
hydraulic heads) to provide data needed to assess the FAS underlying this area. This
well will supply information to characterize the water supply potential of the FAS
and will be used in the further development of a groundwater flow model that will
support future planning and regulatory decisions.

The site is located in the central area of the KBPA where the SFWMD lacks
hydrogeologic data, particularly with regard to deeper portions of the FAS. Data
from this well will help Comprehensive Everglades Restoration Program (CERP)
scientists refine their regional groundwater flow model and provide information for
potential ASR projects in the region.

Purpose

This report documents the construction and testing of a tri-zone monitor well into
selected portions of the FAS. This report documents the hydrogeologic data
collected during the well construction and testing of OKF-105. The information
includes a summary of: 1) well drilling and construction; 2) lithostratigraphy and
hydrogeology; 3) geophysical logging; 4) water quality; 5) aquifer performance test
data and analyses; and 6) packer test data.

Project Description

Well OKF-105 was constructed in three phases over three years. All Webb
Enterprises, Inc. (AWE) of Jupiter, Florida, completed the first phase of work
between January and May 2007. The scope of work included setting an 18-inch
diameter steel casing to 372 feet below land surface (bls), drilling to 1,400 feet bls,
and a running suite of geophysical logs. Applied Drilling Engineering, Inc. (ADE) of
Tampa, Florida, completed the second phase of construction between September
and November 2008. That phase included running a suite of production geophysical
logs, installing a 12-inch diameter steel casing to 1,150 feet bls, and conducting a
single-well aquifer performance test (APT). Florida Design Drilling, Inc. (FDD) of
West Palm Beach, Florida, completed the third phase of well construction between
May and September 2009. This phase of well construction included drilling to 2,500
feet bls, running geophysical logs, packer testing, and completing the well with a 5-
inch diameter fiberglass reinforced plastic (FRP) casing to 2,130 feet bls.
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1.4

Regional Description

The project site is located in the physiographic region known as the Okeechobee
Plain, part of the Coastal Lowlands (Cooke 1939). The land surface elevation is
approximately 40 feet above the 1929 National Geodetic Vertical Datum (NGVD) in
this area, and it generally slopes south towards Lake Okeechobee.

Okeechobee County encompasses an area of approximately 880 square miles. It is
bordered by St. Lucie County to the east, Indian River and Osceola counties to the
north, Highlands and Glades counties to the west, and Lake Okeechobee to the
south. The area is characterized as a subtropical environment with long, hot, wet
summers, and mild, dry winters. The daily temperature averages 23 degrees Celsius
(°C), with an average temperature range between 11 and 33 °C for the region.
Seasonal variation of rainfall is pronounced; approximately 70 percent of the annual
rainfall occurs during the 6-month wet season, from May through October. Long-
term records (1966-95) indicate that average annual rainfall in Okeechobee, the
major city in the county, is approximately 46 inches.
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2.1

Exploratory Drilling and Well

Construction

Construction of OKF-105 well took place over a span of three years and in three
phases, as described below. During drilling and testing, the SFWMD collected
cuttings every five feet or at noticeable formation changes, and collected water
quality samples at depths from 1,400 to 2,500 feet bls. In addition, the drilling
contractors involved in this project ran deviation surveys (Sure Shot) every 60 feet
during drilling. The deviation surveys ensured that the borehole was straight and
plumb, allowing clear installation of the different well casings. Below is a summary
of each phase of well construction.

Phase | Well Construction

All Webb Enterprises, Inc. (AWE) began the first phase of well construction on
January 29, 2007, when they mobilized their equipment to the project site. They
drilled a 40-inch diameter borehole using the mud-rotary method to 40 feet bls on
February 20, 2007, and installed 24-inch diameter ASTM A53 Grade B steel casing in
the borehole. The casing had a wall thickness of 0.375 inches. After installing a
header, AWE used 125 cubic feet (ft3) of ASTM Type Il neat cement to pressure
grout the pit casing from 40 feet bls to land surface.

On February 26, 2007, AWE began mud-rotary drilling through the pit casing down
to 372 feet bls using a nominal 12-inch drill bit. After reaching 372 feet bls, the
driller circulated drilling mud in the borehole to remove drill cuttings and to make
sure the borehole would not collapse during geophysical logging. After removing the
drilling tools from the borehole, MV Geophysical Surveys, Inc. (MV) ran a 4-arm
caliper and natural gamma log on March 2, 2007. The caliper log showed no unusual
borehole conditions that would prohibit proper installation of the 18-inch diameter
surface casing (ASTM A53, Grade B). AWE reamed the original borehole with a
nominal 24-inch drill bit to 372 feet bls. AWE installed the 18-inch diameter steel
casing at a depth of 372 feet bls, then cemented it back to land surface by pressure
and tremie grouting in two stages using 511 ft3 of ASTM Type Il neat cement. Casing
centralizers were spaced at 0, 90, 180, and 270 degrees around the well casing
every 100 feet, ensuring that the well was centered in the borehole. Mill certificates
for the 18-inch diameter steel casing are presented in Appendix A.
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On March 15, 2007, the SFWMD oversaw a hydrostatic pressure test of the 18-inch
diameter steel casing. AWE pressurized the well casing to 65 pounds per square
inch (psi) with water. A Wika 300-psi gauge with 1-psi increments (Figure 2)
displayed the well pressure during the test, and a SFWMD representative recorded
the well pressure every five minutes for one hour. The manufacturer calibrated the
pressure gauge one month before AWE used it for this test. The well casing lost 2 psi
over the course of the test, a 3 percent (%) change in pressure, within the 5%
criterion for a successful test. Table 1 presents the results from the hydrostatic
pressure test.

Table 1. Eighteen-inch steel casing hydrostatic pressure test results for OKF-105.

Elapsed Gauge Pressure Pressure

Time Pressure Change Change
(minutes) (psi) (psi) (%)
0 65 0 0
5 65 0 0
10 65 0 0
15 65 0 0
20 64 1 1.5
25 64 1 1.5
30 64 1 1.5
35 64 1 1.5
40 64 1 1.5
45 63 2 3.0
50 63 2 3.0
55 63 2 3.0
60 63 2 3.0
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Figure 2.  Pressure gauge from pressure test on 18-inch diameter casing.

AWE resumed drilling on March 16, 2007, using mud-rotary drilling inside the 18-
inch diameter casing, with a nominal 12-inch diameter drill bit to 1,400 feet bls.
After reaching 1,400 feet bls, the driller circulated drilling mud in the borehole to
clean out drill cuttings and to make sure the borehole would not collapse during
geophysical logging. After removing the drilling tools from the borehole,
Schlumberger Limited (Schlumberger) ran a suite of formation evaluation logs on
April 17, 2007. Section 5.1 discusses the geophysical logs, and copies of the logs can
be found in Appendix B.

By May 1, 2007, AWE had developed the borehole and installed a temporary
wellhead on OKF-105. This phase of well construction ended on May 7, 2007.
Figure 3 is a completion diagram for the first phase of the project, and Figure 4
shows the wellhead at the end of this construction phase.
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Pit Casing
40 fi bls 24-inch outer diameter steel casing (ASTM
' A33, Grade B, 0.375-inch wall thickness)
Surface Casing
1 B-inch outer diameter steel casing (ASTM
AS53, Grade B, 0.373-inch wall thickness)
T ASTM Type 11 Neat Cement
372 ft bls . .
’ . | 2-inch diameter open hole
- 372 to 1,400 feet bls
.. Legend
. . ft bls = feet below land surface
1400 fibls ————« = « & Diagram not to scale

Figure 3. Phase | well completion diagram, OKF-105.
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2.2

Figure4. Phase | temporary wellhead, OKF-105.

Phase Il Well Construction

On September 12, 2008, the SFWMD issued Applied Drilling Engineering, Inc. (ADE)
a notice to proceed with the second phase of well construction. Since this phase
required discharging water from the well to the Kissimmee River, the SFWMD
obtained a Generic Discharge permit from the Florida Department of Environmental
Protection (FDEP). The permit required the SFWMD to deploy two sensors into the
Kissimmee River to monitor water quality during the discharge of reverse-air water:
one 500 feet upstream of the discharge point, and another 500 feet downstream.
The discharge permit also required water quality analysis of the groundwater in the
well before the work began. ADE collected a groundwater sample from the test well
and sent it to Advanced Environmental Laboratories, Inc. (AEL) for analysis. Per the
Generic Discharge permit, AEL analyzed the sample for total organic carbon, pH,
total recoverable mercury, total recoverable cadmium, total recoverable copper,
total recoverable lead, total recoverable zinc, total recoverable chromium
(hexavalent), benzene, and naphthalene. All of these constituents were within the
ranges specified in the Generic Permit during this phase of work. A copy of the
Generic Discharge Permit and the analytical results are included in Appendix C.

Between September 15 and 17, 2008, ADE reached the bottom of the well at 1,400
feet bls. They used the reverse-air drilling method to clean out the existing nominal
12-inch diameter borehole and remove sediment that may have sloughed in since
the well had remained idle for 16 months after the first phase of construction ended.
Advanced Borehole Services, Inc. (ABS) ran a suite of production geophysical logs in
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the borehole to supplement the formation evaluation logs completed during Phase 1.
The SFWMD used formation samples (well cuttings), geophysical logs, and the
adjacent monitor well (OKF-42) to determine an appropriate casing setting depth
for this phase of well construction. At 1,140 feet bls, the resistivity log indicated that
the formation material became denser relative to the overlying strata. As a result,
the SFWMD requested that ADE set the 12-inch steel casing at 1,150 feet bls, 10 feet
into the denser formation. Section 5.1 of this report provides an evaluation of the
geophysical logs.

On September 22, 2008, ADE began reaming the borehole by reverse-air rotary
drilling using a nominal 18-inch diameter drill bit. After reaching 1,150 feet bls, the
driller circulated the borehole to clean out drill cuttings and ensured it would not
collapse during geophysical logging. After removing the drilling tools from the
borehole, ABS ran a 4-arm caliper log to determine the borehole shape and volume.
The caliper log showed no unusual borehole conditions that would prevent proper
installation of the 12-inch diameter casing (ASTM A53, Grade B). ADE installed the
12-inch diameter casing to a depth of 1,150 feet bls and cemented the annular space
back to 525 feet bls in three stages. ADE used pressure grouting for the first stage,
and tremie grouting for the two subsequent stages. ADE used a total volume of 702
ft3 of ASTM Type Il neat cement with 8% bentonite to cement the 12-inch diameter
steel casing. Casing centralizers were spaced at 0, 90, 180, and 270 degrees around
the well casing every 100 feet, and ADE ensured that the well was centered in the
borehole.

On October 14, 2008, the SFWMD’s staff oversaw a hydrostatic pressure test of the
12-inch diameter steel casing. ADE pressurized the well casing to 52 psi with water.
A Winters LF Series (model Q1548) pressure gauge with 1-psi increments displayed
the pressure in the well casing, and the SFWMD representative recorded the well
pressure every five minutes for one hour. The well casing lost 2 psi over the course
of the test, which is a 4% change in pressure and is within the 5% criterion for a
successful test. Table 2 summarizes the pressure test data.
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Table2.  Twelve-inch steel casing pressure test results for OKF-105.

Elapsed Gauge Pressure Pressure

Time Pressure Change Change
(minutes) (psi) (psi) (%)
0 52.0 - -
5 52.0 0 0
10 51.0 -1.0 -2
15 51.0 -1.0 -2
20 50.5 -1.5 -3
25 50.5 -1.5 -3
30 50.5 -1.5 -3
35 50.5 -1.5 -3
40 50.0 -2.0 -4
45 50.0 -2.0 -4
50 50.0 -2.0 -4
55 50.0 -2.0 -4
60 50.0 -2.0 -4

From October 14 to 17, 2008, ADE cleaned out and developed the borehole to 1,400
feet bls using a nominal 12-inch diameter bit and the reverse-air method. After
removing their tools from the borehole, ADE installed a Goulds (Model 10RJMC)
submersible pump with an 8-inch diameter Certa-Lok™ polyvinyl chloride (PVC)
drop pipe, and a temporary wellhead on October 28 and 29, 2008. A 24-hour single-
well aquifer test was conducted from October 30 to 31, 2008 to determine the
transmissivity of the open-hole section. The aquifer test and subsequent analysis are
discussed in Section 5.4 of this report.

By December 12, 2008, ADE had installed the temporary wellhead on OKF-105,
removed their equipment from the site, and restored the site. Figure 5 shows the
configuration of OKF-105 after the second phase of drilling. Figure 6 is a
photograph of the wellhead on OKF-105 after Phase II.
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2.3

Figure 6. Phase Il temporary wellhead, OKF-105.

Phase Il Well Construction

On May 4, 2009, the SFWMD issued a notice to Florida Design Drilling, Inc. (FDD) to
proceed with the final phase of well construction. This phase included drilling a
nominal 8-inch diameter pilot hole to 2,500 feet bls, running a series of geophysical
logs (including an optical borehole image log), packer testing the borehole, installing
the final string of casing, and packer testing on the deepest monitored interval.

FDD began drilling a nominal 8-inch diameter pilot hole using the reverse-air rotary
drilling method on May 19, 2009 and reached 2,500 feet bls on June 11, 2009. The
SFWMD'’s staff collected water quality and water level data at the end of each
drilling rod (approximately every 30 feet) during the pilot-hole drilling. These field
data enabled the on-site geologists to assess water quality changes with depth as the
drilling proceeded. As the water became more mineralized (denser), the depth to
water measurement inside each drilling rod became deeper. A Yellow Springs
Instruments (YSI) Model 6920 water quality probe screened the water samples
collected at the end of each drilling rod for temperature, pH, and specific
conductance. Field personnel also collected samples for analysis of chlorides,
sulfates, and total dissolved solids (TDS). These samples were sent to the SFWMD’s
water quality laboratory for analysis.

On June 15, 2009, MV Geophysical Surveys, Inc. (MV) ran a suite of production logs
in the pilot hole. These geophysical logs, along with the drill-stem water quality
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samples, lithologic cuttings, and optical borehole image (OBI) log (Advanced Logic
Technology OBI40 tool) helped determine where to run packer tests and set the
final string of well casing. On June 17, 2009, the United States Geological Survey
(USGS), under a purchase order with the SFWMD, ran an OBI log in the OKF-105
borehole. The OBI log provided a 360-degree color image of the borehole between
1,150 and 2,500 feet bls to aid in fracture detection and formation evaluation.
Section 5.1 describes the results of the geophysical logging surveys.

After the geophysical logging, FDD prepared a packer and submersible pump for
three packer tests in the borehole. The selected intervals were 2,412 to 2,472 feet
bls, 2,170 to 2,230 feet bls, and 1,614 to 1,674 feet bls. Section 5.5 describes the
packer testing procedures and results.

Following the packer testing, FDD reamed the borehole from 1,400 to 2,260 feet bls
with a nominal 12-inch diameter bit from June 26 to July 6, 2009. The SFWMD
determined, from the geophysical logs and the drill stem water quality data, that the
monitor interval for the lower zone of OKF-105 should be between 2,130 and 2,251
feet bls in a zone of fresher water. From July 7 and 9, 2009, FDD backfilled the
borehole to 2,251 feet bls with a %s-inch limestone fill and capped the last 15 feet
with neat cement.

FDD installed the final string of well casing on July 17, 2009 and added ten sacks of
neat cement to initially seal the casing in the borehole using the tremie method. The
final string of casing was 2,130 feet of 5%-inch diameter, Fiber Glass Systems
StarTM (Series 1500 ACT) fiberglass reinforced plastic (FRP). The ends of the FRP
pipe had threaded joints (API threads), allowing them to be coupled with strap
wrenches. Casing centralizers spaced at 0, 90, 180, and 270 degrees around the well
casing every 100 feet ensured that the well was centered in the borehole. A TAM
inflatable packer (model 775-LI-01), attached to the bottom of the FRP casing, was
inflated to provide a seal between the well casing and the borehole wall. A tremie
line ran between the well casing and the borehole wall to just above the packer. FDD
used 930 ft3 of neat cement to fill the annular space from 2,130 feet bls to the
bottom of the middle monitor interval at 1,468 feet bls. FDD ran a hydrostatic
pressure test on the final string of casing on July 22, 2009. An Ashcroft® (model
1082) pressure gauge with 1-psi increments displayed the pressure in the well, and
the SFWMD representative recorded the well pressure every five minutes for one
hour. The well casing lost 0 psi from an initial pressure of 25 psi over the course of
the test. Table 3 presents the data from the hydrostatic pressure test.
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Table 3. Five-inch FRP casing pressure test results, OKF-105.

Elapsed Gauge Pressure Pressure

Time Pressure Change Change
(minutes) (psi) (psi) (%)
0 25.0 - -
5 25.0 0 0
10 25.0 0 0
15 25.0 0 0
20 25.0 0 0
25 25.0 0 0
30 25.0 0 0
35 25.0 0 0
40 25.0 0 0
45 25.0 0 0
50 25.0 0 0
55 25.0 0 0
60 25.0 0 0

By August 27, 2009, FDD had developed the well, installed the final stainless steel
wellhead, removed their equipment from the site, and restored the site to the
satisfaction of the SFWMD. Figure 7 is a photograph of the final wellhead on OKF-
105. FDD hired Lidberg Land Surveying, Inc. of Jupiter, Florida to measure the
elevation on the northeast corner of the well pad and install a brass survey marker.
The elevation of the well pad is 39.25 feet NGVD. A copy of the survey report is
included as Appendix D. The SFMWD issued the certificate of final acceptance on
September 8, 2009, following the wellhead elevation survey. OKF-105 will be part of
the SFWMD'’s regional Floridan aquifer monitoring well network. It will have a
Campbell Scientific CR1000 datalogger connected to an In-Situ Inc. Level TROLL®
500 pressure sensor in each of the three monitor zones.

Hydrogeologic Investigation of the Floridan Aquifer System at the S-65C Site (Well OKF-105) | 15



Figure 7.  OKF-105 final wellhead.

Table 4 lists the open-hole intervals for each of the monitor zones in OKF-105, and
Figure 8 is a drawing of the completed well.

Table 4. OKF-105 monitor intervals.

Monitor Completion
Identifier Interval Meﬂho d Aquifer
(feet/bls)
OKF-105U 372 t0 525 Open-Hole Upper Floridan
Annulus

OKF-105M  1,150to146g CPen-Hole

Avon Park Permeable Zone
Annulus

OKF-105L 2,130to0 2,251 Open-Hole Lower Floridan
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OKF-105 well completion diagram.
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2.4

Monitor Well OKF-42 Wellhead Repair

Monitor well OKF-42 is located approximately 597 feet southeast of OKF-105, on the
west side of the Kissimmee River. The SFWMD has no record of the construction
date of this well, but there is an existing set of geophysical logs from 1982. The well
has a 6-inch diameter Schedule 40 PVC casing installed to 370 feet bls, with an open-
hole section from 370 to 1,152 feet bls. The SFWMD has had a Campbell Scientific
CR-10X datalogger and a Rittmeyer® (Model MPSDIG 020) pressure transducer
measuring water levels in the well since June 2004. In early 2008, the wellhead
began to leak, affecting the water level readings due to the slight pressure decrease
caused by the leak. During Phase II of the OKF-105 construction, the SFWMD
contracted ADE to run a series of production geophysical logs in OKF-42 and replace
the wellhead with 316 grade stainless steel valves and fittings. Figure 9 is a
photograph of the completed wellhead at OKF-42. ADE completed the work in
conjunction with the construction and testing of OKF-105 and had ABS run
the geophysical logs. Section 5.1 discusses the geophysical logging in
OKF-42.

Figure 9. Photograph of the repaired OKF-42 wellhead.

18 | Section 2: Exploratory Drilling and Well Construction



3.1

3.2

Stratigraphic Framework

The SFWMD collected geologic formation samples (well cuttings) from the pilot hole
during drilling and described them based on their dominant lithologic and textural
characteristics, and to a lesser extent, color. Formation samples from 40 to 1,400
feet bls were washed and shipped to the Florida Geological Survey (FGS) for analysis
and long-term storage. The SFWMD’s geologists described the remaining samples,
from 1,400 to 2,500 feet bls, using the Dunham (1962 classification for carbonates.
Appendix E contains a copy of the FGS lithologic description for the pilot-
hole/monitor well OKF-105 (reference no. W-18777) and the SFWMD field
description. An electronic version of the FGS lithologic description is available
directly from FGS’s internet site:

(http://www.dep.state.fl.us /geolo isdatamaps/litholog.htm). Geophysical logs
and rock cores were also helpful in describing the geologic formations encountered
during drilling.

Holocene, Pleistocene, and Pliocene Series

These sediments were not encountered at this site since lithologic sample collection
began at 40 feet bls, after AWE installed the pit casing. Based on the geology of the
surrounding area and the natural gamma ray log, these sediments occur from land
surface to approximately 40 feet bls. At this depth, the natural gamma ray counts
increase slightly on the geophysical log due to the presence of phosphate grains,
indicative of the Hawthorn Group. In general, the sediments in this series tend to be
alluvial deposits due to the proximity of the Kissimmee River. They probably consist
of poorly sorted unfossiliferous sand, sandy clays, and clay (Scott 1992).

Miocene Series

The Hawthorn Group is composed of a heterogeneous mixture of silt, clay,
calcareous clay, dolosilt, quartz sand, phosphate, limestone, and dolostone. The
Hawthorn Group consists of two lithostratigraphic units at this site. The upper unit,
or the Peace River Formation, is composed of predominantly siliciclastic material.
The lower unit, or the Arcadia Formation, is composed principally of carbonates
(Scott 1988). A major regional disconformity separates these two units (Scott 1988;
Missimer 1997, 2002).
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3.3

3.2.1 Peace River Formation

The top of the Peace River Formation consists of olive-gray to yellowish-gray,
poorly-indurated to unconsolidated sands with a minor phosphate component (1 to
20% phosphatic sand). These sands start a depth of 40 feet bls at this site and are
interspersed with a clay layer from 85 to 115 feet bls, and a thin layer of limestone
(grainstone) from 160 to 165 feet bls. Generally, the sands in this formation range
from very fine to coarse, sub-angular to sub-rounded grains with moderate to low
permeability. There are a variety of fossils encountered in these sediments,
including mollusks, barnacles, echinoids, benthic foraminifera, and shark teeth. The
Peace River Formation is approximately 315 feet thick at this site and extends to a
depth of 355 feet bls.

Deposition of the Peace River Formation sediments began in the Middle Miocene
when siliciclastic sediments overran Florida’s carbonate bank environment (Scott
1988). As sea level rose during this period, large amounts of siliciclastic material
made its way to southern Florida, restricting carbonate sedimentation. Although the
sediments of the Hawthorn Group show significant reworking, it appears that the
depositional setting was a shallow marine to brackish water environment.

3.2.2 Arcadia Formation

Generally, a lithologic change from predominately siliciclastic to mixed siliciclastic-
carbonate sediments separates the Arcadia Formation from the overlying Peace
River Formation. At this site, a distinctive lithologic change occurs at 355 feet bls,
where the lithology changes to a yellowish-gray to light olive-gray silt-sized,
moderately indurated dolostone with phosphatic sand. The base of the Arcadia
Formation occurs around 400 feet bls in OKF-105, based on the first occurrence of
the benthic foraminifera Lepidocyclina ocalana, a key fossil in the Eocene Ocala
Limestone. The Arcadia Formation correlates with an increase in formation
resistivity and bulk density values, and higher natural gamma ray activity on the
geophysical logs compared to the overlying Peace River Formation.

The Arcadia Formation developed in a carbonate bank environment with the
deposition of siliciclastics from a southward flowing long shore current (Scott
1988). The depositional setting appears to have been a quiet water (low energy)
lagoon similar to the environment currently present in Florida Bay (King 1979).

Oligocene Series

3.3.1 Suwannee Limestone

The Suwannee Limestone consists predominantly of packstone and grainstone units
with a minor silt/sand component (Scott 1988). This unit was not present at this
site. This unit is typically not present as a continuous sequence across eastern
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peninsular Florida. The general thought is that it may have eroded away in this area
(Miller 1986).

3.4 Eocene Series

3.4.1 Ocala Limestone

The late Eocene-age Ocala Limestone is identified at a depth of 400 feet bls at the
site. The lithologic character of the upper portion of the Ocala Limestone consists of
a poorly-indurated, yellowish-gray to a very light orange packstone. The first
occurrence of the diagnostic microfossil Lepidocyclina ocalana (primarily a
biostratigraphic designation, as noted in Applin & Applin 1944) is a key identifier of
this formation. The formation changes to a yellowish-gray, poorly-indurated
grainstone from 565 to 605 feet bls. The grains in this layer consist of coarse sand to
gravel-size particles held together in a calcilutite matrix. From 605 to 805 feet bls,
the Ocala Limestone reverts to the aforementioned packstone with intermittent
sequences of a wackestone and grainstone. The bottom of the Ocala Limestone
occurs at a depth of 805 feet bls.

The Ocala Limestone was deposited on a warm, shallow carbonate bank, similar to
the modern day Bahamas (Miller 1986). This low-energy environment probably had
low to moderate water circulation (Tucker and Wright 1990).

3.4.2 Avon Park Formation

The top of the middle Eocene-age Avon Park Formation is identified from lithologic
samples at a depth of 805 feet bls in OKF-105. At this depth, the lithology is a
yellowish-gray wackestone with poor induration. The first occurrence of
Dictyoconus americanus, a diagnostic microfossil used extensively as a bio-
stratigraphic indicator for the Avon Park Formation, occurs at this depth. This
formation is present to a depth of 1,740 feet bls. The lithology alternates between a
wackestone and packstone, from 805 to around 1,140 feet bls. At this depth, there is
a noticeable increase in formation resistivity as the lithology changes from a very
light orange to a grayish brown, poorly to moderately indurated dolostone. The
dolostone is well-indurated below 1,195 feet bls to 1,460 feet bls, and from 1,460 to
1,610 feet bls, the formation changes from a tan to white, well-indurated mudstone
to packstone with intergranular and pinpoint vuggy porosity. At 1,610 feet bls, the
unit grades from a tan to dark brown crystalline dolostone with some intergranular
and pinpoint vuggy porosity, where it continues to the base of the formation at
1,740 feet bls.

The sediments of the Avon Park Formation were deposited on a warm, shallow
carbonate bank. These bank environments are typically shallow and dominated by
tidal and wave activities, with occasional storm impacts. The presence of dolomite in
the formation may indicate that seawater was present or became trapped in the
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sediments, resulting in the diagenesis of limestone to dolostone. The seawater
provides the source of magnesium necessary to convert limestone to dolostone.

3.4.3 Oldsmar Formation

The top of the early Eocene-age Oldsmar Formation occurs at 1,740 feet bls, where
the lithology changes to a white, friable packstone with vuggy and intergranular
porosity. The presence of the foraminifera Miscellanea nassauensis also helped
identify the top of the Oldsmar Formation. The lithology grades from a tan to brown,
well-indurated crystalline dolostone with pinpoint vugs at 1,840 feet bls and then
alternates between white limestone (mudstone through packstone) and crystalline
dolostone to the bottom of the borehole at 2,500 feet bls. Anhydrite and gypsum are
present throughout this formation below 1,750 feet bls, particularly in the dolostone
sequences where the OBI log shows large quantities of these evaporites in certain
sections of the borehole. Between 2,200 and 2,210 feet bls, the lithology briefly
changes to a white, friable, limestone (packstone), with flecks of dark green to
blackish-green glauconite in the rock matrix. The increase in activity on the natural
gamma log at this depth confirms the presence of the glauconite. This horizon
probably corresponds to the glauconite maker horizon discussed by Reese and
Richardson (2007).

The sediments of the Oldsmar Formation were deposited on a warm, shallow
carbonate bank (Miller 1986) or tidal flat (Duncan et al. 1994) environment. The
presence of evaporite minerals suggests at times that the banks were exposed to the
atmosphere, allowing evaporation of the mineralized water in short-lived sabkha
conditions (Miller 1986). The occurrence of glauconite in the deeper limestone
confirms that the environment was low-energy and slightly reducing, with a low
sedimentation rate. Odin and Fullagar (1988) found that glauconitization occurs in
open marine waters at depths below 195 feet and at temperatures below 15 °C. In
this environment, there are very low sedimentation rates and minimal disturbance
of the settled sediments. The presence of glauconite at 2,200 feet bls probably
indicates a period of high sea level when this area of the Florida platform was
submerged in deeper water.
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Hydrogeologic Framework

Two major aquifer systems underlie this site, the surficial aquifer system (SAS) and
the Floridan aquifer system (FAS), with the FAS as the primary focus of this
investigation. These aquifer systems are composed of multiple discrete, permeable
zones and fractures separated by lower permeability units that occur throughout
this Tertiary/Quaternary-age sequence. Figure 10 shows a generalized geologic and
hydrogeologic section for OKF-105.
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Figure 10. Geologic and hydrogeologic section underlying OKF-105.
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4.1

4.2

4.3

Surficial Aquifer System

At this location, the SAS consists of the Holocene-age undifferentiated sediments.
They occur from land surface to a depth of 40 feet bls. The sediments in this region
are generally quartz sands (Scott 1992). The sands range from fine- to coarse-
grained, poorly-indurated, and non-clayey to slightly clayey (Scott 1992). The SAS is
not a major source of potable water in the KBPA.

Intermediate Confining Unit

The intermediate confining unit (ICU) occurs below the SAS and extends from 40
to 365 feet bls at this site. The sediments of this unit act as a semi-confining
unit, separating the FAS from the SAS. Hawthorn Group sediments make up the
ICU and consist of unconsolidated shell beds, soft non-indurated clay, silt
and quartz-phosphatic sand units, and poorly to moderately-indurated
mudstones/wackestones of the Peace River and Arcadia Formations. The base of the
ICU occurs where the lithology changes to a grayish-brown dolostone. It is
recognized by a spike in formation resistivity on the dual-induction log.

Floridan Aquifer System

The FAS consists of a series of Tertiary-age limestone and dolostone units. The
system includes permeable sediments of the lower Arcadia Formation, the Ocala
Limestone, the Avon Park Formation, and the Oldsmar Formation at this site. The
base of the FAS occurs in the Paleocene-age Cedar Keys Formation, which consists of
massive beds of gypsum and anhydrite (Miller 1986). This investigation did not
encounter the Cedar Keys Formation. Recharge to the FAS occurs to the northwest
of the study area in Polk County around the ridges and uplands that dominate that
area. Karst features, such as sinkholes, and a thin ICU allow higher rates of recharge
to the aquifer in Polk County compared to surrounding areas (Spechler and
Kroening 2007). The sinkholes penetrate the ICU and provide a direct conduit from
land surface to the Floridan aquifer. The water table is generally very deep in this
region and lower than the potentiometric surface of the Floridan aquifer, resulting
in a downward hydraulic gradient.

4.3.1 Upper Floridan Aquifer

The top of the FAS, as defined by the Southeastern Geological Society AdHoc
Committee on Florida Hydrostratigraphic Unit Definition (1986), coincides with the
top of a vertically continuous permeable carbonate sequence. Generally, the upper
Floridan aquifer consists of thin, water-bearing horizons with high permeability
interspersed within thick units of late- to middle-Eocene age sediments with low
permeability, including the basal Arcadia Formation, Ocala Limestone, and the Avon
Park Formation. At this site, the top of the FAS occurs at a depth of 365 feet bls,
which coincides with the lower portion of the Arcadia Formation (basal Hawthorn

Hydrogeologic Investigation of the Floridan Aquifer System at the S-65C Site (Well OKF-105) | 25



unit, Reese 2004). The geophysical logs showed two large washouts, one between
425 to 445 feet bls, and another between 505 to 525 feet bls. These washouts
indicate zones of softer limestone and correspond to poorly-indurated packstones
of the Ocala Limestone. The primary source of permeability in this section of the FAS
is most likely due to intergranular permeability of the rock formations. The upper
Floridan aquifer at this site has not undergone significant dissolution, hence water
in this portion of the aquifer flows through the primary porosity of the rock matrix.
The hydrogeologic characteristics of the upper Floridan aquifer at this site are
similar to those seen in monitor well OSF-104, approximately 20 miles north
(AECOM Water 2008). During Phase I of this project, AWE drilled to 1,400 feet bls
using the mud-rotary drilling method and was able to maintain circulation,
confirming the lack of productive horizons in the aquifer.

The SFWMD selected the depth interval of 372 to 525 feet bls for long-term
monitoring and hydraulic testing since this interval corresponded to the upper
Floridan aquifer in other wells in the area. However, the lack of significant
production intervals at this depth is unique compared to other upper Floridan
aquifer wells in the area. Water quality samples obtained from this monitor zone
(372 to 525 feet bls) yielded chloride and TDS concentrations of 1,300 and 2,400
milligrams per liter (mg/1), respectively. A detailed description of these water
quality samples is found in Section 5.3.

4.3.2 Middle Floridan Confining Unit and Avon Park Permeable
Zone

The top of the middle Floridan confining unit is difficult to interpret since the rocks
in the upper portion of the borehole have similar characteristics. For this report, we
will consider it to start at 525 feet bls, at the base of the upper monitor interval and
the washout. The lithology of the middle Floridan confining unit consists of varying
packstones and grainstones that are poorly-indurated and fossiliferous down to
1,180 feet bls, where it changes to a poorly to well-indurated dolostone. The
porosity of the packstone and wackestone units tends to be both primary and
moldic. As a result, the production capacity of these rocks is relatively low compared
to the deeper sections with large fractures. Certain sections of the dolostone have
pinpoint vugs, which tend to yield more water than the overlying limestone.

The first production zone in the Avon Park permeable zone (APPZ) is seen on the
borehole temperature log at 1,385 feet bls and extends to 1,470 feet bls. The OBI log
confirms the permeable nature of this zone by showing where fractures and vugs
occur. The most significant production horizon in the APPZ occurs at 1,427 feet bls
in the Avon Park Formation. This zone, and a lower zone at 1,463 feet bls, make up
the main water sources for the APPZ and dominate the flow logs. In these zones, the
formation consists of a brown, sucrosic to crystalline, well-indurated dolostone with
pinpoint vugs. The OBI log shows large cavities, approximately three feet high,
where significant dissolution of the formation occurred. These fractures act as a
path of least resistance. Water flowing into the borehole will come from both the
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fractures and the surrounding rock matrix (Kruseman and deRidder 2000). As
water flows through these fractures, it will draw water from the surrounding
formation.

The presence of dolostone in this section of the borehole indicates that the original
rock has undergone significant diagenesis. There are several models on how
dolomitization takes place; however, their discussion is beyond the scope of this
report. Readers should review sources such as Tucker and Wright (1990) for a
detailed description on different dolomitization models. However, research has
shown that seawater is the most likely source of the magnesium ions needed to form
dolostone (Tucker and Wright 1990). The seawater/groundwater mix must have a
ratio of magnesium to calcium ions greater than 1 for dolomitization to occur
(Duncan et al. 1994). The presence of evaporite minerals (gypsum and anhydrite) in
some of the dolostone sections indicates that they may have formed under sabkha
conditions.

Below the APPZ (below 1,475 feet bls), the lithology changes to predominantly a tan
to white, well-indurated mudstone that shows a lower permeability based on the
borehole compensated sonic log. This layer acts as a semi-confining layer between
the APPZ and the first production zone of the lower Floridan aquifer at 1,625 feet
bls.

4.3.3 Lower Floridan Aquifer

The first production horizon in the lower Floridan aquifer occurs at 1,625 feet bls.
The temperature and fluid conductivity logs show this permeable zone as increased
values at this depth. The borehole compensated sonic log also indicates an increase
in the porosity of the formation, and the OBI log shows a vuggy porosity in the
formation materials at this depth. The lithology at 1,625 feet bls is a tan to brown,
well-indurated, vuggy mudstone to 1,630 feet bls before it changes to a tan to dark
brown, well-indurated crystalline dolostone with vuggy porosity. The bottom of this
first production zone occurs around 1,900 feet bls where the sonic log shows a
decrease in the formation porosity. The OBI log confirms this by showing solid
laminated layers of dolostone with layers of anhydrite and gypsum. This semi-
confining layer extends from 1,900 to 2,265 feet bls, where a second production
horizon is present to the bottom of the hole at 2,500 feet bls. The fluid conductivity
and temperature logs both show the second production horizon in the lower
Floridan aquifer. At 2,265 feet bls, there is both an increase in temperature and fluid
conductivity, indicating that the formation yields water to the borehole. The OBI log
shows a fracture just below this depth, and the dual induction log shows a decrease
in formation resistivity, indicating a potential to yield water. The two production
horizons in the lower Floridan aquifer contain several thin layers that yield water,
separated by thicker layers of lower permeability material. Fractures and vugs
distinguish the production horizons from the semi-confining units in this aquifer.
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5.1

Hydrogeologic Testing

The SFWMD collected specific information during the drilling program to determine
the lithologic, hydraulic, and water-quality characteristics of the FAS at this site.
These data helped complete the final design of the monitor well and characterize
different zones in the aquifer at this site.

Geophysical Logging

Geophysical logging of the pilot hole took place during each phase of well
construction to determine intervals for casing installations and to evaluate borehole
characteristics. The resulting logs provide a continuous record of the physical
properties of the subsurface formations and their respective fluids. These logs
assisted the SFWMD’s hydrogeologists with the interpretation of lithology, with
providing estimates of permeability, porosity, bulk density, and resistivity of the
aquifer; and helped with determining the salinity profile of the groundwater using
Archie's equation (Archie 1942). The extent of confinement of discrete intervals was
also determined from the individual logs. The following subsections provide a
description and analysis of the geophysical logs during the three phases of well
construction.

After completing a suite of logs, each geophysical logging contractor downloaded
the data directly from the onsite logging processor and saved the log files onto
compact disks (CDs) in Log ASCII Standard (LAS) format, version 2.0. The various
geophysical logging contractors also delivered video surveys of the borehole to the
SFWMD on VHS cassette or digital video disc (DVD). Appendix B contains selected
geophysical log traces from the various log runs in OKF-105. The original
geophysical logs and video surveys from this project are archived and available for
review at the SFWMD headquarters in West Palm Beach, Florida. Table 5 is a
summary of the geophysical logging program conducted in both OKF-105 and
OKF-42.
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Table 5. Summary of geophysical logging in OKF-105 and OKF-42.

Formation

Logged Dual Evaluation

Run Logging Interval Natural | Induction/ | Logs (see Flow Fluid
Well # Date Company (feet bls) Caliper | Gamma Sonic Table 6) Meter | Temperature | Resistivity | Video
OKF-105 1 3/2/07 | MV Geophysical 0-372 X X X
2 | 4/17/07  Schlumberger 0-1,400 X X X X
3 | 9/18/08 ABS 372-1,400 X X X
4 | 6/15/09 MV Geophysical 1,150-2,500 X X X
OKEF-42 1 | 4/15/82 SFWMD 0-1,150 X*
10/1/08 ABS 0-1,150 X X
Legend:

*Neutron log run
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5.1.1 Phase I: Geophysical Logging

The SFWMD ran two suites of geophysical logs during the first phase of well
construction. AWE ran caliper, natural gamma, and dual induction logs in the
borehole from land surface to 372 feet bls. The purpose of these logs was to confirm
the top of the FAS and a suitable point to install the first string of well casing. These
logs verified the lithologic log that there was competent rock to set the well casing at
the top of the FAS at 372 feet bls. Geophysical logs previously run in the OKF-42
identified the top of the FAS and provided guidance for the first phase of well
construction.

The main objective of the first phase of drilling was to run the formation evaluation
(Schlumberger) suite of geophysical logs in the open hole section from 372 to 1,400
feet bls. Table 6 lists these logs, their physical characteristics, and the properties
measured.

The formation evaluation logs confirmed the lithology in the borehole and showed
zones of varying permeability between 372 and 1,400 feet bls. The elemental
capture spectroscopy (ECS) tool helped with mineral identification and estimated
permeability based on the formation lithology. The ECS sonde works by bombarding
the formation with neutrons and measuring the gamma rays released back to the
tool. This sonde determines the lithology of the formation based on dry weight
measurements of various elements present and calculates the total porosity based
on the measured bulk density of the borehole materials. For example, the sonde
determines carbonates by the calcium concentration measured in the formation and
determines anhydrite based on calcium and sulfur measurements. The ECS showed
that the interval in OKF-105 between 370 and 1,400 feet bls consisted mainly of
carbonates. The ECS log also showed a sandy-clay section around 400 feet bls that
corresponds to the base of the Arcadia Formation. The lithologic log confirms these
sediments. The ECS log shows periodic sections of anhydrite/gypsum in this
borehole section, but these minerals were not described in the well cuttings. The
OBI log shows that there could be small quantities of these evaporite minerals in
some of these sections. Anhydrite and gypsum are soft, and drilling could have
pulverized them, thus not returning up the borehole with the drill cuttings.

The dipole shear sonic imager (DSI) log is an acoustic log that can estimate porosity
and fractures using Stoneley waves. Stoneley waves are low frequency waves that
are sensitive to formation permeability and tend to slow down in fractures and
highly permeable materials (Haldorsen et al. 2006). The DSI log showed that as the
resistivity of the formation increased below 1,150 feet bls, the intrinsic permeability
of the formation material decreased. Fractures in the borehole, most notably at
1,230 feet bls, are an exception on the log.

The fullbore formation microimager (FMI) log provides an electrical image of the
borehole and shows sedimentary features and fractures, where present. Darker
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sections on the image indicate conductive areas in the formation, while lighter
(white) areas are more resistive zones. The dark areas on the FMI log between 440
and 450 feet bls, as well as between 500 and 530 feet bls, represent wash out areas
in the formation. The caliper log confirms that these two zones are washouts and
not large fractures by showing a sizeable area with an enlarged hole diameter. One
concern with the FMI log occurs around the fractured zone at 1,233 feet bls. This
zone appears highly fractured on the OBI log, but the FMI log shows resistive
materials, and the fracture is vaguely discernable on the log.

32 | Section 5: Hydrogeologic Testing



Table 6.

Schlumberger formation evaluation logs.

Maximum Benefit to
Log Name Log Type Principal Application Hole Size Groundwater Studies
4-arm Caliper Mechanical Determines borehole 22 inches Used to correct flow
(inches) diameter and rugosity in meter logs, and aids in
two horizontal planes and identifying suitable
used to correct other logs inflatable packer and
casing placement zones
Gamma Ray (GR) | Natural Radioactive Correlation, stratigraphic 24 inches Correlation, used to
Nuclear reported in boundaries estimate shale and clay
American Petroleum volume
Institute Units (API)
Elemental Nuclear —Natural Correlation, mineral 20 inches Correlation, defines clay
Capture Gamma Emissions of identification —Si, Fe, Ca, S, type and aids in mineral
Spectroscopy the 254 Mineral Ti, Gd, Cl, Ba, and H identification and
(ECS) spectrum reported in permeability estimation
API units based on lithology
Array Induction Conductivity Provides invasion profile 20 inches Water Quality —
Imager Tool converted to and accurate water determination of R, via
(AIT-H) Resistivity; bedding resistivity (Ry) Archie Equation, and
resolution to 2 feetin | determination provides estimates of
smooth borehole; permeability from
values reported in invasion profile
ohm-meter (ohm-m)
Dipole Shear Compressional and Porosity estimation, 21 inches Stonely wave
Sonic Imager shear At wave forms lithology and clay measurement aids in
(DsI) identification. Stonely wave lithology and fracture
measurement for fracture identification
evaluation
Compensated Nuclear — Induced Porosity analysis, bulk 14 inches; Porosity estimates and
Z-Density with Radioactive — Pad density and lithologic and affected by | lithologic indicator;
Photoelectric mounted; reports fluid determination rugose porosity may be used in
absorption bulk density in grams borehole Archie Equation
per cubic centimeters
(gm/cc) and porosity
in porosity units (p.u.)
Compensated Nuclear — Induced Porosity analysis and 14 inches; Porosity estimates;
Neutron (CN) Radioactive; reports lithologic determination good in porosity may be used in
porosity in porosity rough or Archie Equation
units (p.u.) washed out
borehole
Natural Gamma Natural gamma ray Measures K, Th, and U No limit Determines clay type
Ray Spectro- emissions using five content of sediments and depositional facies
metry Tool (NGS) | window spectroscopy
Fullbore Electrical borehole Identifies structural and 21 inches Determination of
Formation image from 192 sedimentary features carbonate texture and
Microlmager microresistivity secondary porosity
(FM1) measurements features
Note:

K = potassium, Th = thorium, U = uranium
Appendix B contains copies of the selected Schlumberger geophysical logs.
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5.1.2 Phase ll: Geophysical Logging

During Phase II, ABS ran a suite of geophysical logs in both OKF-105 (September 18,
2008) and OKF-42 (October 1, 2008). Table 5 lists the individual logs run for this
event.

In OKF-105, the caliper log showed two washouts at 425 to 445 feet bls and another
at 505 to 530 feet bls, corresponding to the upper Floridan aquifer in this borehole.
The caliper log also shows that the borehole is tight and generally gauged to the drill
bit below the washouts. Toward the bottom, once drilling entered the dolostone, the
caliper log shows three fractured sections at 1,230, 1,330, and 1,385 feet bls. The
resistivity log clearly shows where dolostone appears in the borehole around 1,150
feet bls, where the formation resistivity increases. The well-indurated crystalline
dolostone is denser than the softer limestone that occurs above it. The fluid
conductivity log shows an increase in the water conductivity near the bottom of the
borehole from 950 to 1,700 microsiemens per centimeter (uS/cm). This increase is
probably due to groundwater flowing into the borehole from the upper portion of
the APPZ, approximately 25 feet below the bottom of this logged interval. The
natural gamma log has a low and consistent response below the clays of the
Hawthorn Group.

In OKF-42, the caliper log did not show any distinctive features until 1,000 feet bls,
when a noticeable “kick” to the right occurs, indicating a fracture or washout in the
hole. Generally, the caliper log shows that the hole does not have many fractures or
washouts. The resistivity log for OKF-42 differs from OKF-105 as it is uniform
through the borehole. There is no section of harder rock near the bottom of the hole
as there is in OKF-105 when drilling encountered a dolostone section. The fluid
conductivity log shows that the conductivity of the water in the well is also uniform
and ranges between 900 and 1,000 uS/cm.

Appendix B contains the geophysical logs from OKF-105 and OKF-42 (from Phase II
of this project), as well as copies of the original logs run in OKF-42 in 1982.

5.1.3 Phase lll: Geophysical Logging

MV Geophysical Surveys, Inc. (MV) ran the geophysical logs for this phase of the
project on June 15, 2009. Table 5 presents a list of the geophysical logs conducted
from the bottom of the second string of well casing (1,150 feet bls) to the base of the
borehole at 2,500 feet bls.

The caliper log showed a few fractures and several washouts over the logged
interval. The most significant fracture occurs at approximately 1,425 feet bls in the
Avon Park Formation. This fracture is the main producer of water to the borehole,
as shown on the borehole flow meter log. A second, smaller fracture, around 1,465
feet bls, yields significant water and coincides with a water quality change as seen
on the fluid conductivity log. MV ran a flow meter log from the bottom of the hole at
2,500 feet bls up to the base of the 12-inch casing at 1,150 feet bls. This log showed
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no increase in the water yield until the fracture at 1,465 feet bls. This flow zone is
not as significant as the zone at 1,425 feet bls because it does not deflect as far on
this log as the higher zone.

The natural gamma log shows little activity except around 1,650 feet bls and below
2,200 feet bls. At 1,650 feet bls, the dolostone cuttings contained black flecks, which
could be the source of the spike on the natural gamma log. These cuttings require
further examination under a petrographic microscope to determine their makeup as
they could be either glauconite or phosphorite. The natural gamma log peak at, and
below, 2,200 feet bls is due to glauconite present in the rock matrix. The natural
gamma log peak at 2,200 feet bls corresponds to the regional glauconitic marker
horizon identified by Reese and Richardson (2007). Both the fluid conductivity and
temperature logs show sections of the borehole where water quality changes. The
most significant change occurs around 1,630 feet bls, where the fluid conductivity
increases from approximately 10,000 uS/cm to 32,000 pS/cm. The water
temperature at this depth also increases from approximately 31 degrees Celsius (°C)
to 34 °C. This zone is described as the uppermost production interval in the lower
Floridan aquifer. The dual induction log showed variability in the borehole, with
dolostone sections showing greater resistivity than the limestone sections. This log
also corresponded to the lithologic cuttings collected during drilling.

The SFWMD used the dual induction geophysical log data to identify water quality
changes (specifically TDS concentration) within the FAS. In previous investigations,
this analysis assisted in determining the depth of the base of the underground
source of drinking water (USDW) where TDS concentrations are less than 10,000
mg/l. To develop a salinity profile of the FAS, the SFWMD used the method devised
by Archie in 1942, referred to as the “Archie Equation.” Readers are referred to the
original paper by Archie (1942) for an explanation and use of the equation. Figure
11 shows the calculated formation water TDS log compared to measured TDS
concentrations of water samples collected from the drill stem during drilling. The
log-derived TDS values are used to show the 3,000 and 10,000 mg/l TDS
concentration levels, a potential zone for ASR based on the TDS concentrations
under Chapter 62-528 of the Florida Administrative Code (FAC). The top of the G-II
aquifer starts at 1,430 feet bls. The base of the USDW, where the TDS concentration
exceeds 10,000 mg/l, occurs around 1,660 feet bls. Although there are some minor
sections where the log-calculated TDS spikes above 10,000 mg/l, these calculated
numbers are not consistently above this value until below 1,660 feet bls. The TDS
values collected from the drill stem while advancing the borehole do not show as
much variation, probably due to mixing of water in the borehole. Figure 11 also
includes the TDS concentrations from the packer test intervals. These data points
generally match the geophysical log derived TDS data and further confirm that
mixing may have occurred with the drill stem data.
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Figure 11. Calculated and drill stem TDS of the formation water, OKF-105.

5.1.4 OKF-105 Optical Borehole Image Log

The SFWMD contracted the USGS to run an OBI log (Advanced Logic Technology
OBI40 tool) in the borehole. The OBI log generates a continuous, 360-degree image
of the borehole and can orientate features such as fractures and bedding planes. One
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limiting condition is that the water in the borehole needs to have a low turbidity.
The nominal diameter of the borehole was kept to 8 inches in diameter to improve
the quality of the image log.

The USGS ran an OBI log in OKF-105 on June 17, 2009. FDD allowed the borehole to
flow for approximately 48 hours before the logging event per the SFWMD’s request.
The natural artesian flow in the well was approximately 700 gallons per minute
(gpm), and flowing the well for 48 hours resulted in turbid-free water, allowing a
high quality image. The borehole also flowed during the running of the OBI log to
make sure the water remained clear.

The USGS ran the OBI log from 1,150 to 2,500 feet bls. The log showed the
sedimentary layers, lithologic changes, secondary permeability features, and
accessory minerals in detail. Sections where the depositional environment was low
in energy are visible, as these sediments are fine grained and uniformly deposited.
Some of the vugs between 1,520 and 1,640 feet bls may have been areas where
gypsum and anhydrite were present at some time and later eroded away. These
areas are seen as small cavities in the OBI log of similar shape to, but smaller than,
the anhydrite and gypsum sections deeper in the borehole. Anhydrite and gypsum
are visible in the lower sections of the borehole, and the rock type surrounding most
of these mineral sequences is dolostone with numerous horizontal and vertical
cracks. These sections are indicative of sabkha-type environments, where seawater
washed over the area, became highly mineralized as it evaporated, leading to the
formation of anhydrite and gypsum. The cracks surrounding the evaporite minerals
are probably due to desiccation as evaporation continued and the area dried out.
Other sections with anhydrite do not have the cracks, indicating that the formation
of the evaporite minerals may have occurred in a different environment than the
aforementioned sabkha conditions. The large fracture zones seen in the OBI log
typically show smaller fractures above and below the major zone of fractures. Some
of these smaller fractures are often vertical, indicating that karst conditions may
have existed when the fractures formed on top of the limestone and eroded through
it.

5.1.5 OKF-42 Geophysical Logging

The documentation of OKF-42 first appears in a publication by Shaw and Trost
(1984) documenting the hydrogeology of the Kissimmee planning area. The well
was listed as a SFWMD well in this report and was probably installed to supplement
data for the United States Geological Survey’s potentiometric mapping of the FAS.
On April 15, 1982, the SFWMD ran a suite of geophysical logs in OKF-42. ABS ran a
second suite of logs on October 1, 2008 that included a flow meter log and a video
log, as these were not run in 1982. This second suite of logging took place during the
second phase of well construction for OKF-105.

The caliper, natural gamma, resistivity, and fluid conductivity/resistivity logs from
1982 matched the set completed on October 1, 2008. In OKF-42, the caliper log did
not show any distinctive features until 1,000 feet bls when a noticeable “kick” to the
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right occurs, indicating a fracture or washout in the hole. Generally, the caliper log
shows that the hole does not have many fractures or washouts. The natural gamma
log showed little activity after encountering the rocks of the Ocala Limestone and
Avon Park Formation. The resistivity log for OKF-42 differs from OKF-105, as it is
uniform through the borehole. There is no section of harder rock near the bottom of
the hole as there is in OKF-105, where drilling encountered a dolostone section. The
fluid conductivity log shows that the conductivity of the water in the well is also
uniform and ranges between 900 and 1,000 uS/cm. The flow meter log indicates a
significant production zone for this well around 800 feet bls. The sonic log shows an
area of higher porosity in this interval. Based on the geophysical logging and
lithologic log, OKF-42 covers both the upper Floridan aquifer and the middle
Floridan semi-confining unit. This well is not deep enough to penetrate the
productive horizons of the APPZ. Figure 12 is a lithologic and hydrogeologic profile
of OKF-42.
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Figure 12. Geologic and hydrogeologic profile of OKF-42.

Appendix B contains the geophysical logs from OKF-105 and OKF-42 (from Phase II
of this project), as well as copies of the original logs run in OKF-42 in 1982.

Rock Core Analysis

FDD collected two rock cores during the third phase of drilling. The first core came
from the interval between 1,700 and 1,710 feet bls. This core was 10-feet long, and
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the field description states it consisted of a tan to light brown, vuggy dolostone. The
second core came from the interval between 2,100 and 2,115 feet bls. This core was
15-feet long, and the field analysis described it as a white mudstone with a few
sections of packstone. The packstone section contained moldic to interclastic
porosity. The SFWMD sent both cores to Core Laboratories (CL) in Midland, Texas,
for thin section petrography and vertical permeability testing.

CL used the following methods to determine the listed characteristics of the cores.

o Porosity of the full diameter cores: direct pore volume measurement
using Boyle’s law helium expansion.

o Bulk volume: Archimedes’ principle.

e Grain density: calculated using dry weight, bulk volume, and pore
volume measurements.

o Intrinsic permeability: measured in two directions horizontally, and
also vertically.

o Hydraulic conductivity: calculated using Equation 1 (below).
o Thin sections and x-ray diffraction analysis to determine the mineralogy

of the cores and the nature of the pore systems.

The results of the above-listed characteristics for both cores are presented in the CL
report in Appendix F.

CL analyzed four sections from the 1,700 to 1,710 feet bls core interval. Porosity
values for this interval ranged from 19.6% to 30.2%, confirming the vuggy nature of
this core interval provided in the field description. The grain density of these core
sections were fairly uniform ranging from 2.81 to 2.83 grams per cubic centimeter
(gm/cc). The horizontal intrinsic permeability of these four sections ranged from
248 to 8,085 millidarcies (md), and the vertical intrinsic permeability ranged from
213 to 2,839 md. The calculated horizontal and vertical hydraulic conductivity
values ranged from 38 to 1,241 feet per day (ft/day) and 33 to 436 ft/day,
respectively. CL calculated the hydraulic conductivity values using the following
equation. The hydraulic conductivity values were converted from meters per second
to feet per day by CL.

K=(V+L)/(A+T+P) (Equation 1)
Where:

K = Hydraulic conductivity in meters per second
V = Incremental produced volume in cubic meters
L = Length in meters

A = Cross-sectional area of the core

T = Incremental time in seconds

P = Differential pressure in meters of water
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CL analyzed 11 sections from the 2,100 to 2,115 feet bls core interval. Porosity
values for these intervals ranged from 16.1% to 32.7%, with the lower porosity
occurring in a dolostone section of the core between 2,109 and 2,110 feet bls. The
grain density of these core sections was fairly uniform, except for the dolostone
section, ranging from 2.70 to 2.79 gm/cc. The horizontal intrinsic permeability of
these 11 sections ranged from 3 to 213 md, and the vertical intrinsic permeability
ranged from 2.5 to 125 md, confirming the lower permeability of this core
compared to the shallower section. The calculated horizontal and vertical hydraulic
conductivity values ranged from 0.4 to 33 ft/day and 0.4 to 19 ft/day, respectively.

In their report to the SFWMD, CL provided a cross plot of the measured porosity
against horizontal intrinsic permeability of the core sections. The plot has a trend
line intended to show the correlation between intrinsic permeability and porosity in
the core sections. However, the plot contained data from both cores, which have
different lithologic characteristics, so the correlation coefficient is low. CL calculated
a correlation coefficient of 0.239 between the two data sets for all of the core data. A
correlation coefficient of 1.0 suggests a strong relationship between two sets of data.
Thus there is a weak relationship between the two complete data sets.

The SFWMD’s staff created separate plots of the measured porosity against
horizontal intrinsic permeability for the dolostone (1,700 to 1,710 feet bls) and
limestone (2,100 to 2,115 feet bls), which yielded correlation coefficients of 0.87
and 0.53, respectively. The relationship between porosity and intrinsic permeability
is strong in the dolostone core and inconclusive for the limestone core. Figure 13
shows the porosity versus intrinsic permeability cross plots for both the dolostone
and limestone cores.
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Figure 13. Porosity versus intrinsic permeability cross plots for dolostone and limestone cores.
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CL shipped sections of both cores to Houston, Texas, for thin-section preparation
and description and X-ray diffraction (XRD) analysis. Fifteen samples from both
cores underwent these analyses, as well as four sections from the dolostone core,
and eleven from the limestone core. CL used Alizarin Red-S to distinguish between
calcite (stains red) and dolomite (stains blue or purple) in the thin section samples.
Core samples submitted for XRD were prepared as described in CL’s report
(Appendix F) and analyzed using a Scintag or Phillips automated powder
diffractometer with a copper source and a solid state or scintillation detector.

Analysis of the core from 1,700 to 1,710 feet bls showed that dolomite was the
primary mineral. CL noted some pyrite in the thin sections and determined that it
was present before dolomitization took place. The coarse dolomite crystals in the
samples and the preservation of the original depositional rock fabric indicated that
dolomitization took place slowly, according to CL, and was a result of meteoric
water/seawater interaction. The primary pore types, under the Choquette and Pray
(1970) classification system, are moldic and vuggy. The depositional environment,
according to the CL report, appears to have been high energy on a open, shallow
carbonate shelf.

Analysis of the core from 2,100 to 2,115 feet bls showed that calcite was the primary
mineral for the upper 10 feet of the core. Dolomite becomes dominant in the bottom
five feet of the core, although there is still a substantial (30%) calcite component.
The primary pore types in this core are inter- and intra-granular, with some sections
of moldic and vuggy porosity. The depositional environment, according to the CL
report, appears to have been a low energy, subtidal carbonate shelf.

A copy of the CL reports along with photographs of the cores are included in
Appendix F.

5.3 Water Quality and Inorganic Chemistry

This section presents the water quality data collected during the construction and
testing of OKF-105. Data include the results of samples collected during aquifer and
packer testing, drill stem testing, and sampling from the completed intervals.

5.3.1 Drill Stem Water Quality Sampling

During the third phase of well construction, the SFWMD collected water quality
samples approximately every 30 feet during reverse-air drilling. After reaching the
end of a drilling rod, FDD circulated the borehole to remove rock cuttings. Once the
water was clear (no suspended solids), the SFWMD collected a water sample in a
clean five gallon bucket and screened the water in the field with a calibrated YSI
6920 multi-parameter probe for pH, temperature, and specific conductance. After
collecting the field parameter measurements, the SFWMD’s hydrogeologists
collected water quality samples for chloride, sulfate, and TDS analysis. The TDS
samples were filtered in the field with a 0.45 micron (um) filter at the time of
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collection. All samples were placed in a cooler, on ice, and delivered to the SFWMD’s
water quality laboratory for analysis.

Figure 14 is a plot showing the distribution of TDS with depth as drilling advanced
from 1,400 to 2,500 feet bls.
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Figure 14. OKF-105 TDS data from drill stem water quality samples.

Figure 14 shows a slight increase in the TDS concentration around 1,480 feet bls,
below the second major flow zone in the borehole. The dominance of this flow zone
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and the shallower one at 1,425 feet bls, corresponding to the APPZ, is noted by the
fact that the TDS concentration remains fairly constant from this point until 2,300
feet bls, where it starts to increase. The drill stem TDS values show less variability
than the geophysical log derived TDS shown in Figure 11. The lack of variability in
the drill stem TDS values is probably due to mixing of water from different zones in
the borehole during reverse-air drilling. The geophysical log derived TDS values
probably provide a more accurate location of the 3,000 and 10,000 mg/1 TDS lines.
The TDS concentrations of the water samples collected during packer testing
confirm this.

Figure 15 is a plot showing the concentrations of chloride and sulfate ions with
depth, collected every 30 feet from the drill stem sampling.
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Figure 15. OKF-105 laboratory chloride and sulfate concentrations with depth.
There are two areas of interest in Figure 15: one around 1,750 to 1,800 feet bls and

the other around 2,150 feet bls. Between 1,750 and 1,800 feet bls there is a spike in
the sulfate concentration. It is in this area that evaporite minerals first appeared in
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the drill cuttings, which may have resulted in the increase in sulfate concentration.
The second area of interest occurs around 2,150 feet bls, in the lower Floridan
aquifer. In this area, there is a decrease in both the sulfate and chloride ion
concentrations. This zone of fresher water is also seen in Figure 11, the calculated
TDS concentration from the dual induction log.

Figure 16 is a plot of the fluid conductivity log plotted with the specific conductance
data collected during drilling. The data for both logs are in uS/cm. The fluid
conductivity log represented the well under static (no artesian flow) conditions. The
SFWMD’s staff collected the specific conductance data at the end of each drill rod
during drilling. During the collection, the well was flowing naturally, and mixing
probably occurred in the borehole because of the reverse air circulation drilling
method.
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Figure 16. Geophysical log: fluid conductivity log and drill stem conductivity data with depth
for OKF-105.

In Figure 16, a water quality change around 1,450 feet bls is seen in both data sets.
There is a noticeable increase in specific conductance data at this interval,
corresponding with the high flow zones of the APPZ. The first production horizon in
the lower Floridan aquifer occurs around 1,625 feet bls and is identified by an
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increase in specific conductance on the fluid conductivity log. There appears to be a
lag of approximately 100 feet before this increase is detected in the drill stem water
quality data. This lag can be attributed to mixing of water in the borehole from
reverse air drilling.

5.3.2 Water Quality During Aquifer Testing

This section presents the water quality data collected during the 24-hour, single
well aquifer test completed during the second phase of well construction. The
SFWMD contracted Tetra Tech EC, Inc. (Tetra Tech) from Stuart, Florida, to collect
the water quality samples. Tetra Tech personnel collected the sample on October 31,
2008, approximately 20 hours into the aquifer test following the FDEP quality
assurance/quality control (QA/QC) protocols. Jupiter Environmental Laboratories,
Inc. (JEL) analyzed the samples for total anions, total cations, and TDS. The results
are shown in Table 6 and a copy of the laboratory report is included in Appendix G.
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Table 7.

Aquifer test water quality data, OKF-105, 1,150 to 1,400 feet bls.

FIELD DATA AND TDS
Specific Total
Interval Temperature P Dissolved
Date pH o Conductance .
(feet bls) (°C) (uS/cm) Solids
H (mg/1)
10/31/2008 1,150- 1,400 7.85 28.41 1045 670
ANIONS
Date Interval Alkalinity Chloride Flouride Sulfate Bromide
(feet bls) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
1,150 -
10/31/2008 1,400 80 140 BDL 190 BDL
CATIONS
Total
Date Interval Sodium | Potassium | Calcium | Magnesium | Dissolved
(feet bls) (mg/1) (mg/1) (mg/1) (mg/1) Strontium
(mg/1)
1,150 -
10/31/2008 1,400 74 1.5 27 35 23
Notes:
bls below land surface
°C degrees Celsius
uS/cm  microsiemens per centimeter
mg/1 milligrams per liter
BDL below detection limit

The data in Table 7 were plotted on a Piper trilinear diagram (Piper 1944) and
appear as small red circles in Figure 17. Frazee (1982) developed a method of
determining the origin of water in the Floridan aquifer when plotted on a Piper
trilinear diagram using an overlay pattern. The Frazee overlay pattern, when placed
on Figure 17, shows that the groundwater collected from the 1,150 to 1,400 foot
zone in OKF-105 is connate water. Connate water is seawater that was trapped in a
sedimentary formation around the time of its deposition (Hem 1985). Frazee (1982)
describes this type of water as highly mineralized fresh water, with a high TDS
concentration, and dominated by calcium sulfate. Figure 17 shows how the water
quality data from the aquifer test relate to the Frazee overlay.
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Figure 17. Classification of aquifer test water quality data in OKF-105.

Table 8 provides a brief description of the different water types determined by
Frazee and present in Figure 17.
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Table 8. Description of Frazee water types.
Abbreviation Description Characteristics
EW-I Fresh Recharge Water | Rapid infiltration through sands, high calcium
Type | bicarbonate (CaHCO3).
EW-I] Fresh Recharge Water | Infiltration through sands and clay lenses, CaHCO;
Type Il with sodium (Na), sulfate (SO,4), and chloride (Cl).
EW-III Fresh Recharge Water | Infiltration through clay-silt estuarine depositional
Type lll environment, high sodium bicarbonate (CaHCO;).
Fresh Recharge Water | Fresh water, low calcium (Ca), magnesium (Mg),
FW-IV .
Type IV sulfate (SO,), and chloride (Cl).
Transitional Water Seawater begins to dominate source water;
TW-I Tvoe | chloride (Cl) begins to dominate bicarbonate
P (HCO3) with increasing NaCl percentage.
Transitional Water Transitional water with source water still
TW-II Tvpe |l dominant, HCO,— SO, mixing zone with increasing
vP chloride (Cl).
Transitional Connate Connate water dominates source water, sulfate
TCW (SO4) begins to dominate HCO; with increasing
Water .
chloride (Cl).
TRSW Transitional Seawater Transitional water with seawater dominating
source water.
cw Connate Water Highly mlnejrallzed fresh water with high TDS and
CaSO, dominance.
RSW Relict Seawater Unflushed seawater with NaCl .

Stiff (1951) developed a method of plotting water quality data to compare water
samples. This technique uses four parallel axes extending beyond zero, the single
vertical axis. Milliequivalents of each cation plot on the left side of the vertical axis
and milliequivalents of each anion plot on the right. Figure 18 is a Stiff plot for the
water quality sample collected during the single well aquifer test in OKF-105. The
plot confirms the water quality seen in the Piper trilinear diagram, with sodium,
magnesium, chloride, and sulfate being the dominant ions in this sample.
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Figure 18. Stiff plot for the aquifer test water quality data (OKF-105), 1,150 to 1,400 feet bls.

5.3.3 Water Quality Testing During Packer Testing

This section presents the water quality data collected during the four packer tests
completed during the third phase of well construction. The SFWMD’s
hydrogeologists collected water quality samples after one hour of pumping, and
transported them in an ice filled cooler to the SFWMD’s water quality laboratory for
analysis. The SFWMD analyzed these samples for total anions, total cations, and
TDS. Columbia Analytical Services (CAS) analyzed the samples for bromide. Table 9
presents the results for the packer test sampling, and copies of the CAS laboratory
reports for bromide are included in Appendix H.
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Table 9. OKF-105 Packer test water quality data.
FIELD DATA AND TDS
Total
Packer Specific Dissolved
Test Interval Temperature Conductance Solids
Number Date (feet bls) pH (°C) (uS/cm) (mg/l)
1 06/19/09 | 2,412-2,472 7.13 30.98 47,223 31,033
2 06/23/09 | 2,170-2,230 6.74 30.67 3,210 2,644
3 06/24/09 | 1,614-1,674 6.38 29.99 10,931 6,681
4 07/24/09 | 2,130-2,251 6.65 31.19 27,668 18,836
ANIONS
Packer
Test Interval Alkalinity | Chloride | Fluoride Sulfate Bromide
Number Date (feet bls) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
1 06/19/09 | 2,412-2,472 109 17,502 0.12 2,439 80
2 06/23/09 | 2,170-2,230 68 708 0.46 380 2
3 06/24/09 | 1,614-1,674 89 3,193 0.65 722 14
4 07/24/09 | 2,130-2,251 42 8,783 - 2,358 36
CATIONS
Total
Packer Dissolved
Test Interval Sodium | Potassium | Calcium | Magnesium | Strontium
Number Date (feet bls) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)
1 06/19/09 | 2,412-2,472 9,200 329 589 1,049 19.6
2 06/23/09 | 2,170-2,230 366 11 136 85 23.2
3 06/24/09 | 1,614-1,674 1,681 56 239 240 27.4
4 07/24/09 | 2,130-2,251 4,890 180 1,067 419 21.0
Notes:
bls below land surface

°C degrees Celsius

uS/cm microsiemens per centimeter
mg/1 milligrams per liter
BDL below detection limit

The data in Table 9 were plotted on a Piper trilinear diagram (Piper 1944) and the
result appears as colored dots in Figure 19. The samples are identified in the legend
by packer test number. Frazee (1982) developed a method of determining the origin
of water plotted on a Piper trilinear diagram using an overlay pattern. As described
in Section 5.3.1, the Frazee overlay patterns, when placed on a Piper trilinear
diagram, show the groundwater types for the packer test data. The water from
packer tests 1, 3, and 4 lie in the relict seawater area on the overlay. Frazee (1982)
describes this type of water as unflushed seawater with sodium chloride. The water
from packer test 2 lies in the connate water area of the overlay. Frazee (1982)
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describes this water type as highly mineralized fresh water with high TDS and
calcium sulfate dominance. The lithologic and hydrogeologic conditions agree with
this description, as the packer test 2 was in a zone of low hydraulic conductivity. The
OBI log showed very tight, laminated layers of dolostone and limestone with very
few vugs. The water quality (TDS) derived from the induction log indicated that the
water in the packer test 2 zone was fresher than the over and underlying areas (see
Figure 11.) Figure 19 shows how the water quality data from the aquifer test
relates to the Frazee overlay. Table 8 provides a description of the water types on
the overlay.

Figure 19. Classification of packer test water quality data, OKF-105.

Figure 20 shows Stiff plots for the packer-test water quality samples. The plots
generally confirm the different water quality origins seen in the Piper trilinear
diagram (Figure 19). The Stiff plots for packer tests 1, 3, and 4 have a similar
pattern, indicating water of a similar composition. The plot for packer test 2 has a
different shape compared to the other plots, showing a different composition. Not
only are the ionic concentrations lower in packer test 2, but calcium also is a larger
component. Although packer tests 2 and 4 cover a similar zone in the well, the
interval for packer test 4 was greater than for packer test 2. Packer test 2 covered
the interval from 2,130 to 2,230 feet bls, while packer test 4 covered the completed
lower monitor zone of the well from 2,130 to 2,251 feet bls. Thus the water
composition from packer test 4 differs from packer test 2 because the tested interval
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covers a deeper zone that had a different water quality. As a result, the Stiff
diagrams for the two tests are different due to mixing of water from the deeper zone
in packer test 4.

Packer Test 3 Packer Test 4

Figure 20. Stiff plots for the packer test water quality data, OKF-105.

5.3.4 Water Quality Testing From Completed Monitor Zones

This section presents the water quality data collected from the final monitoring
intervals in OKF-105. The SFWMD’s hydrogeologists collected the water quality
samples from the upper and middle zones on December 12, 2009. The water quality
sample from the packer test completed on the final string of well casing represented
the lower monitor interval. At the time of the December 12, 2009 sampling event,
the pH of the final monitor zone was high, indicating the cement plug at the bottom
of the well affected the water in the well. Purging the well sufficiently to return the
well to it ambient conditions was difficult, as this zone has a very low permeability.
High pH was initially a problem in all three monitor zones, but the higher artesian
flow rate in the upper and middle zones allowed the SFWMD'’s staff to purge the well
sufficiently to restore the water to its natural quality. Before collecting the water
quality samples, the SFWMD’s hydrogeologists screened the water from each zone
with a calibrated YSI 6920 multiparameter probe to ensure that the water quality
was stable and that the pH had returned to ambient levels. Once three consecutive
readings were stable (within 5% of the previous reading), the SFWMD collected the
water quality samples and placed them in a cooler with ice. The SFWMD analyzed
these samples for total anions, total cations, and TDS. CAS analyzed the samples for
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bromide. Table 10 presents the results for this sampling, and copies of the CAS
laboratory reports for bromide are included in Appendix H.

Table 10. Final monitor zone water quality data, OKF-105.
FIELD DATA AND TDS
Total
Specific Dissolved
Monitor Interval Temperature | Conductance Solids Hardness
Zone (feet bls) Date pH (°c) (uS/cm) (mg/1) (mg/1)
OKF-105U 373 -525 12/10/09 | 7.6 26.2 2,818 1,473 188
OKF-105M | 1,150-1,468 | 12/10/09 | 7.8 28.8 2,444 1,495 623
OKF-105L | 2,130-2,251 | 7/24/09 | 6.7 31.2 27,668 18,836 4,388
ANIONS
Packer Test Interval Alkalinity | Chloride | Fluoride Sulfate Bromide
Number (feet bls) Date (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
OKF-105U 373-525 12/10/09 233 729 1.0 0 0.38
OKF-105M | 1,1,50-1,468 | 12/10/09 79 495 0.4 343 1.7
OKF-105L 2,130-2,251 | 7/24/09 42 8,783 BD 2,358 36
CATIONS
Total
Packer Dissolved
Test Interval Sodium | Potassium | Calcium | Magnesium | Strontium
Number (feet bls) Date (mg/l) (mg/l) (mg/l) (mg/1) (mg/1)
OKF-105U 373-525 12/10/09 504 8 28 29 11
OKF-105M | 1,150-1,468 | 12/10/09 258 7 128 74 21
OKF-105L | 2,130-2,251 | 7/24/09 4,890 180 1,067 419 21
Notes:
bls below land surface

°C
uS/cm

mg/1
BDL

degrees Celsius
microsiemens per centimeter
milligrams per liter

below detection limit

The data in Table 10 were plotted on a Piper trilinear diagram (Piper 1944) with
the Frazee (1982) water types, and the results appear as colored dots in Figure 21.
The samples are identified by the monitor zone in the legend in Figure 21.
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Figure 21. Piper trilinear diagram for the final monitor zones data, OKF-105.

The water from the upper monitor zone in OKF-105 is classified as transitional relict
seawater. Frazee (1982) describes this type of water as transitional water with
seawater dominating the source water. In other words, the water that originally
recharged the aquifer is mixing with seawater that laterally invaded the aquifer in
the past. The water from the middle monitor zone lies in the connate water area of
the overlay. The characteristic of this water type is highly mineralized fresh water
with high TDS and calcium sulfate dominance. The lower monitor zone has a water
quality classed as relic seawater. Frazee (1982) classifies this water type as
unflushed seawater with sodium chloride.

Figure 22 shows Stiff plots for the water quality samples for the three final monitor
zones in OKF-105. The plots confirm the water quality seen in the Piper trilinear
diagram. The Stiff plot for the upper monitor zone has a low concentration of
dissolved ions, but sodium and chloride dominate, showing the change from
transitional water to seawater. The plot for the middle monitor zone is similar to the
upper zone except it has higher calcium, magnesium, and sulfate concentrations,
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which differs from transitional relic seawater. The higher calcium concentration and
the presence of sulfate distinguishes connate water from transitional relict
seawater. The occurrence of connate water in the formation could indicate that
there is low groundwater circulation, thus it has not been flushed from the
formation. The lower monitor zone is highly mineralized, and sodium and chloride
dominate. The size of the lower zone Stiff plot is larger than the ones for the upper
and middle monitor zones, indicating a much higher concentration of dissolved ions.
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Figure 22. Stiff plots for the final monitor zones, OKF-105.
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5.4

Aquifer Performance Testing

The SFWMD'’s staff ran a constant-rate APT after completing the second phase of
OKF-105. This APT involved pumping the open-hole section of the well (1,150 to
1,400 feet bls) and monitoring water levels in both the upper (372 to 525 feet bls)
and middle (1,150 to 1,400 feet bls) zones of OKF-105 and the adjacent well OKF-42,
located 597 feet to the southwest, as seen in Figure 23. The purpose of this test was
to determine the hydraulic parameters of the Floridan aquifer between 1,150 and
1,400 feet bls in OKF-105 and to see if the pumping would influence OKF-42. The
drawdown phase of the APT started on October 30, 2008, and ran for 24 hours. The
recovery phase started on October 31, and lasted until November 3, 2008.

Figure 23. Layout of monitor and production wells at the S65C Site.

During all phases of this APT, the SFWMD'’s staff used an In-Situ Inc. Hermit® 3000
data logger connected to In-Situ Inc. PXD-261 pressure transducers to collect water
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level data in both monitor zones of OKF-105. Since OKF-42 was on the opposite
bank of the Kissimmee River, an In-Situ Inc. Level TROLL® 700, a stand-alone
instrument, collected the water level data in this well before, during, and after the
APT.

5.4.1 Background Water Level Data

The SFWMD collected background water level in OKF-42 before the APT, as the well
drilling contractor was removing drilling tools and setting a pump in OKF-105. The
data logger collected background data every 15 minutes for approximately two
weeks starting on October 16, 2008. Figure 24 shows the water level fluctuations
during the background monitoring period. These data allowed the SFWMD to
determine the barometric efficiency of the FAS monitor zones for this APT.
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Figure 24. Background water level data in OKF-42.

Figure 24 shows the daily water level fluctuations in OKF-42. The barometric
efficiency is very low (around 2%), and the atmospheric pressure changes appear
out of phase with the water level changes. Therefore, no barometric compensation
was made to the aquifer test data.
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5.4.2 OKF-105 Aquifer Performance Test

The SFWMD began the drawdown phase of the APT on October 30, 2008. Staff set
pressure transducers in the pumped zone of OKF-105 and in both the upper
monitor zone (372 to 525 feet bls) of OKF-105 and in OKF-42 (372 to 1,150 feet bls).
The SFWMD programmed all water level monitoring instruments to record water
level data on a logarithmic scale during the drawdown and recovery phases of the
APT. A logarithmic scale collects numerous data points rapidly for the first 10
minutes of the test when drawdown occurs quickly. After ten minutes, the data
logger collects data on a linear time scale, and in both phases, this time interval was
one minute.

ADE set a nominal 10-inch diameter submersible pump (Goulds Model 10RJMC) in
OKF-105 and pumped the well at a constant rate of 350 gpm for 24 hours. The first
section of the discharge line from the test production well consisted of 6-inch
diameter PVC pipe. This PVC pipe connected to a 6-inch diameter calibrated flow
meter (Water Specialties Model ML-04-06) and then to 6-inch diameter lay-flat hose
that carried the discharge water to the Kissimmee River. The SFWMD and ADE
determined this flow rate for the APT by running a quick maximum sustainable
yield test on October 29, 2008. A full step-drawdown test could not be run, as the
production capacity of the borehole was low and the 350 gpm rate used during the
constant rate test was the minimum discharge rate the 10-inch submersible pump
could handle. Closing the valve that regulated the discharge rate more would
increase the pressure in the pipe down the well, increasing the risk that it would
come apart at a joint. The drawdown phase of this test lasted 24 hours because
water level in the pumped zone stabilized with approximately 105 feet of
drawdown and the other monitored zones did not respond to the pumping. Figure
25 shows the configuration of the monitor and test-production wells used in the
first APT.
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Figure 25. Cross-section showing the pumped and monitored intervals during the APT.

Before the drawdown phase ended, the SFWMD'’s staff reconfigured the various data
loggers to record the recovery data in both the test production well and the monitor
well. After stopping the pump, ADE manually closed the discharge port from OKF-
105, allowing the water levels to recover to static conditions. The recovery phase of
the APT ended on November 3, 2008. Electronic copies of the original drawdown
and recovery data for the APT are available at the SFWMD’s headquarters in West
Palm Beach, Florida.

The SFWMD applied various analytical models to the drawdown data collected
during the APT to determine the hydraulic properties of the pumped zone. Since
only the water levels in the pumped zone responded to the induced stress, staff
analyzed the APT as a single-well test, thus calculating only transmissivity. Figure
26 is a semi-log plot of the drawdown data in the pumped zone. The shape of the
drawdown curve indicates that the aquifer is leaky. As time progresses in Figure 26,
more and more water comes from the leaking layer until the line on the drawdown
curve flattens, indicating that all of the water comes from leakage (Kruseman and
deRidder 2000). Geophysical logging of the borehole during the third phase of
drilling showed a major production zone at 1,425 feet bls, 25 feet below the base of
the pumped zone. Since the water level in the upper monitor zone did not respond
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Figure 26. Semi-log plot of drawdown data in the pumped zone of OKF-105.

Figure 27 is a log/log plot of drawdown versus time for the pumped zone of OKF-
105. As seen in the semi-log plot of the drawdown data, the shape of the drawdown
curve of OKF-105 shows the pumped horizon is a leaky-type aquifer. This
determination is verified by the fact that the drawdown curve for this well does not
follow the Theis curve (orange line in Figure 27).
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Figure 27. Log-log plot of drawdown data in OKF-105 using the Hantush-Jacob (1955) solution.

Hantush and Jacob (1955) derived an analytical solution for predicting water level
displacements in response to pumping a well that fully penetrates a leaky-confined
aquifer. Hantush (1960) modified the solution to account for partial penetration.
The solution neglects well bore storage and assumes no storage in the aquitard(s).
Based on the assumptions of the Hantush-Jacob method (1955) and the site-specific
hydrogeologic data collected during drilling and aquifer testing, this analytical
solution best represents the conditions present at this site. The analysis yielded a
transmissivity value of 114 square feet per day (ft?/day), and an r/B value of 0.4.
The dimensionless parameter r/B characterizes the leakance across the semi-
confining unit(s) to the pumped aquifer. However, since the source of the leakance
is unknown and is only presumed to come from a deeper source, as well as the fact
that this was the pumped well not an observation well, a leakance value was not
calculated. The storativity value show in Figure 27 should be ignored, as one cannot
calculate this value from a single well test. For reference, the Theis (1935) non-
equilibrium method calculated a transmissivity value of 194 ft2/day.
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5.5

Packer Testing

The SFWMD ran four packer tests during the third phase of well construction; three
tests in the drilled borehole and one over the final interval in the completed well.
The purpose of the packer testing was to collect water quality samples from discrete
intervals in the borehole and estimate the specific capacity and transmissivity of the
tested zone. The SFWMD'’s staff used the Hazen-Williams equation (Finnemore and
Franzini 2002) to calculate the head loss due to friction in the pipe for each packer
test. Correcting for the head loss is necessary to calculate an accurate specific
capacity for each tested interval, otherwise the specific capacity would be
underestimated. The SFWMD did not use curve-matching techniques to determine
transmissivity for each test because of several factors, such as partial penetration,
short pumping times, and significant head losses, all of which do not meet the
criteria for the analytical formulas for these tests. The SFWMD’s staff estimated
transmissivity based on an empirical formula presented in Driscoll (1986) and
shown as Equation 2.

T=2,000Q/s (Equation 2)
Where:

T = Transmissivity (gpd/ft)

Q = Discharge Rate (gpm)

s = Drawdown (feet)

FDD used a pair of Tam (model 775-LI-01) packers separated by 60 feet of
perforated pipe for the three borehole tests. The packer test on the completed well
used a single Tam (model 775-LI-01) packer over the open-hole interval of the
lower monitor zone. After lowering the packer assembly to the desired testing
depth, FDD inflated the packers to seal off the test interval from the remaining
annular intervals and set a 3-inch diameter submersible pump approximately 160
feet bls in the drill stem. The SFWMD’s staff installed two 100-psi pressure
transducers (In-Situ Inc. PXD-261) to record water level changes during pumping.
One was set at 150 feet bls in the drill stem to record the drawdown and recovery of
the pumped water level. The other was set 100 feet bls in the annular space above
the packer assembly to show the tested zone was sealed from the remaining
borehole by the packers. The pressure transducers connected to an In-Situ Inc.
Hermit® 3000 data logger recorded both the drawdown and recovery data on a
logarithmic time scale. FDD purged a minimum of three drill stem volumes before
starting each packer test. The water in the drill stem recovered to its static level
before starting each test. The drawdown phase for each packer test lasted 60
minutes, and the recovery phase lasted a minimum of 60 minutes, or until the water
returned to its static level. The SFWMD collected water quality samples at the end of
the drawdown phase for each test. Testing of the water samples included screening
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in the field for pH, temperature, and specific conductance, as well as laboratory
analysis for major anions, major cations, TDS, and bromide. Each sample sent for
laboratory analysis was collected in the appropriate container, field filtered and
preserved (if necessary), and placed in a cooler on ice for shipping to a certified
facility for analysis. The SFWMD’s staff measured the field parameters with a YSI
6920 multi-parameter probe, calibrated for pH and specific conductance the day of
sample collection.

The following sections provide a summary of the individual packer tests and their
results.

5.5.1 Packer Test #1 (2,412 to 2,472 feet bls)

The SFWMD'’s staff selected this interval because it was near the bottom of the pilot
hole where the water became very saline. The purpose of this packer test was to
collect water quality in a discrete interval and obtain initial head readings to help
determine the vertical gradient in the well. The test also allowed the calculation of
the specific capacity of this interval to determine the production capacity of the zone
at the tested flow rate.

During this test, FDD pumped the interval for 60 minutes at a discharge rate of 118
gpm with a sustained drawdown of 28.7 feet of drawdown (corrected using the
Hazen-Williams equation). The specific capacity of this interval, calculated using
Equation 3, was 4.1 gallons per minute per foot of drawdown (gpm/ft) at 60
minutes, indicating low production capacity.

SC=Q/s (Equation 3)
Where:

SC = Specific Capacity (gpm/ft)

Q = Discharge Rate (gpm)

s = Drawdown (feet)

The transmissivity for this zone was 8,200 gallons per day per foot (gpd/ft), or
1,096 ftz/day, calculated using Equation 2 (Driscoll, 1986), presented in the
previous subsection.

The SFWMD'’s staff calculated the static water level in this zone (before pumping
started) to be approximately 23.00 feet NGVD, based on the final well pad survey
elevation. The water quality data collected from this packer test interval is discussed
in Section 5.3. The saline nature of this zone results in a lower static water level
compared to the other packer tests in shallower zones, due to its greater density.
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5.5.2 Packer Test #2 (2,170 to 2,230 feet bls)

The SFWMD’s staff selected this interval because it was a zone of fresher water in
what appeared to be a confining zone. The purpose of this packer test was to collect
water quality in a discrete interval and obtain initial head readings to help
determine the vertical gradient in the well. The test also allowed the calculation of
the specific capacity of this interval to determine the production capacity of the zone
at the tested flow rate.

During this test, FDD pumped the interval for 60 minutes at a discharge rate of 19
gpm, with a sustained drawdown of 134.3 feet of drawdown (corrected using the
Hazen-Williams equation). The specific capacity of this interval was 0.14 gpm/ft at
60 minutes, and the estimated transmissivity was 280 gpd/ft (37 ftz/day),
confirming the confining nature of this zone.

The SFWMD'’s staff calculated the static water level in this zone (before pumping
started) to be approximately 38.95 feet NGVD, based on the final well pad survey
elevation. The water quality data collected from this packer test interval is discussed
in Section 5.3.

5.5.3 Packer Test #3 (1,614 to 1,674 feet bls)

The SFWMD’s staff selected this interval because it was a production zone deep in
the Avon Park Formation covering the upper production interval in the lower
Floridan aquifer. The purpose of this packer test was to collect water quality in a
discrete interval and obtain initial head readings to help determine the vertical
gradient in the well. The test also allowed the calculation of the specific capacity of
this interval to determine the production capacity of the zone at the tested flow rate.

During this test, FDD pumped the interval for 60 minutes at a discharge rate of 120
gpm with negligible drawdown. The specific capacity and estimated transmissivity
could not be calculated due to the lack of drawdown but confirmed that this horizon
was a production zone as the measured drawdown for this test was mainly due to
frictional losses in the down-hole piping and not from pumping. Due to the small
diameter of the down-hole piping, the submersible pump used for the packer testing
was the largest that could fit in the borehole, and 120 gpm was the maximum
capacity.

The SFWMD'’s staff calculated the static water level in this zone (before pumping
started) to be approximately 30.23 feet NGVD, based on the final well pad survey
elevation. The water quality data collected from this packer test interval is discussed
in Section 5.3.
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5.6

5.5.4 Packer Test #4 (2,130 to 2,251 feet bls)

This packer test was run in the completed 5-inch diameter FRP well casing over the
open hole interval, between 2,130 and 2,250 feet bls. The purpose of this packer test
was to collect water quality data and obtain initial head readings over the lower
monitor zone of the well. The test also allowed the calculation of the specific
capacity of this interval to determine the production capacity of the zone at the
tested flow rate.

During this test, FDD pumped the interval for 60 minutes at a discharge rate of 12
gpm with a sustained drawdown of 130.6 feet of drawdown (corrected using the
Hazen-Williams equation). The specific capacity of this interval was 0.93 gpm/ft at
60 minutes, and the estimated transmissivity was 1,860 gpd/ft (249 ftz/day),
confirming the confining nature of this zone and agreeing with packer test #2.

The SFWMD'’s staff calculated the static water level in this zone (before pumping
started) to be approximately 46.25 feet NGVD based on the final well pad survey
elevation. Section 5.3 discusses the water quality data collected from this packer
test interval.

Hydraulic Heads

By October 31, 2009, the SFWMD’s SCADA Engineering Group had a contractor
install a Campbell Scientific CR-10X data logger and In-Situ Level TROLL® 500
pressure sensors to monitor long-term water levels in the three zones of the well.
The monitoring system records water level elevation data in the three zones every
15 minutes starting at the top of the hour. Figure 28 is a hydrograph showing water
fluctuations in the three monitor zones in OKF-105 from January 22 to February 1,
2010. The values in the hydrograph are equivalent freshwater heads (Lusczynski
1961), calculated based on the pressure reading (in psi) from each sensor and based
on the groundwater density on each zone (calculated using temperature and TDS
data).
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Figure 28. Hydrograph for the three monitor zones in OKF-105 between January 22 and

February 1, 2010.

Figure 28 shows that the water level elevations in the upper and lower monitor
zones of OKF-105 are higher than the level in the middle zone. The data in the
hydrograph indicate that water is flowing from both the upper and lower monitor
intervals to the middle interval. It is difficult to say that this is a true indication of
the groundwater flow pattern for the area, since the upper and lower monitor zones
for this well are in low permeability zones in the Floridan aquifer, while the middle
zone is in a highly fractured interval (high permeability). The lower head in the
middle zone may be due to lower resistance to horizontal flow in this monitor zone
compared to the other two zones in the well. As a result, it has a lower pressure
reading on the sensor, resulting in a lower water level elevation compared to the
upper and lower monitor zones in the well.
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Summary

The SFWMD completed OKF-105 with three intervals monitoring different zones in
the FAS. The upper monitor zone covers two wash out zones in the upper Floridan
aquifer between 372 and 520 feet bls. Water in this zone comes from the rock
matrix permeability because there are no distinct fractures. The middle monitor
zone covers the APPZ and the two most productive horizons encountered during
drilling between 1,150 to 1,468 feet bls. Two large fractures produce the water
emanating in this dolostone interval. The lower monitor zone covers a zone of
fresher water in a semi-confining layer in the lower Floridan aquifer between 2,130
and 2,251 feet bls. Water is this zone was fresher than that of the over- and
underlying flow zones of the lower Floridan aquifer, based on TDS concentrations
calculated from the induction log. The formation evaluation logs, OBI log, and
lithologic descriptions correlated well.

Water quality in the upper monitor zone was brackish (TDS concentration of 1,473
mg/1) and has a makeup of water transitioning to seawater. The middle monitor
zone had water quality that was also brackish (TDS concentration of 1,495 mg/1).
Water quality in the lower monitor zone was saline (TDS concentration of 18,836

mg/1).

A single-well aquifer test yielded a low transmissivity, confirming the lack of
production capacity between 372 and 1,400 feet bls. Packer tests 1, 2, and 4 yielded
low specific capacities, while the specific capacity for test 3 (1,614 to 1,674 ft bls)
was too high to measure with the equipment used. The OBI log confirms the high
specific capacity in packer test 3. There are numerous vugs and fractures in this
interval, and it marks the top of the first productive zone in the lower Floridan
aquifer.

The base of the top of the underground source of drinking water, where the total
dissolved solids concentration in the groundwater is 10,000 milligrams per liter,
occurs around 1,660 feet bls at this site. The top of the G-II aquifer is 1,430 feet bls,
based on the TDS concentrations calculated from the induction log. Water quality
data collected from packer tests confirmed the calculated TDS concentrations from
the induction log in the lower sections of the borehole.

All three zones in the well are artesian. Water levels in the three monitor zones as of
January 31, 2009 were 46.08, 44.87, and 49.94 feet above the National Geodetic
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Vertical Datum of 1929 for the upper, middle, and lower monitor zones,
respectively.

OKF-105 will be beneficial to the SFWMD when it is included in the Regional

Groundwater Monitoring Network. The site is located in the center of the state
where there are gaps in geologic and hydrogeologic data.
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Appendix A

CASING MILL CERTIFICATES

( See Separate link on the left hand menu of this PDF )

Hydrogeologic Investigation of the Floridan Aquifer System at the S-65C Site (Well OKF-105) | 79



80 | Appendix A: Casing Mill Certificates



Appendix B

GEOPHYSICAL LOGS

( See Separate link on the left hand menu of this PDF )
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Appendix C

GENERIC DISCHARGE PERMIT

( See Separate link on the left hand menu of this PDF )
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Appendix D

FINAL WELLHEAD SURVEY

( See Separate link on the left hand menu of this PDF )
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Appendix E

LITHOLOGIC DESCRIPTION

( See Separate link on the left hand menu of this PDF )
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Appendix F

CORE LAB REPORT

Note: All core lab data references OKF-150, when it should say OKF-105.

( See Separate link on the left hand menu of this PDF )
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Appendix G

AQUIFER TEST/WATER QUALITY DATA
LABORATORY REPORT

( See Separate link on the left hand menu of this PDF )
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Appendix H

LABORATORY REPORTS FOR BROMIDE SAMPLES

Note: All CAS analysis makes reference to OKF-10, when it should be OKF-105.

( See Separate link on the left hand menu of this PDF )
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Gross Welqhtsz L&A1 7 .74 RS Nelt Weights 1@at7.74 LBS Total Pes 10,020

Additional
InTormation:
MTR'S SENT W/SHIRMENT « 1 BNVELOPE

ALL PREPATD FRETGHT INVOLCES ARE TO BE SENT TO0:
Edgen Corporation,t/0 Brousward lLogletlcs, POR 230370, Houstan,TX 774

The ltems covered by this quotetion/order/invoice way be subiect Lo various
lLawe ] ludling U.S. and Forelgqn export controls, FOUWEN MURRAY CORPORATION is
commi BLled to compliance with all relevant export control laws., ¥ the lbems sdre
belng, or will be exported or re-exported, the following language applios: ‘
"These commoditles, technology or software were exporbted from the United States
of Amerios in sccordance Wwith the Export Administration Regulations. Divebslon
contrary Lo U.5. Jaw fs prohibited.!
The property described above, in apparent Luml order, except os noted (contents and condition of contenis of marked, suned, and destined os indi | below, which said carrier {the word carrier hunL undLrslnnd thrpughnfit this comsact s
meaning any person pr corporation in possessinn under the contraet) agrees W carry to its usual place of deliver al said destinatinn, if on its rowne, vthenvise to deliver W nnother carrice on the route to suid destinatinn, it is cedl, 1 to each carrier of oll or any
snid property over all or any portion of said route 10 destination, and asvach party al any time interested in all or any of said property, that every service to be performed hereunder shall be subject to all the terms and eonditions of the Unifurm [)mm_\!n. Straight Bili ol
Lading set forth (1) in Officinl, Snuthern, Western and [liinois Freight Claxsifications in effect on the date herenf, if shis is a rail or a rail i or(2)inthe i mutor carrier classification or tariff if this is a carrier shipment.,

Shipper hereby certifies that he is famitior with alt the terms snd conditiuns of the said bill nf lnding, including those on the bisck therent, set fosth in the chsification or turiff which g Ln\cm\ the transportntion of this <hipmenl and the said terms 1nd conditinny are
herehy agreed to by the shipper and nccepted for himself and bis assigns. :

Subject to Sextion 7 of Conditions of applicable bill of lading, if this shipment is to be delivered to the consignee JCARRIER FREIGHT
without recourse on the consignor, the consignor shall sign the following statement:
The carrier shall not make delivery of this shipment without payment of freight and all other lawful charges. Prepaid []

AGENT PEl:lt‘(Driver’s Signalurq? f.- g 25 Collect [J

CHARGES ADVANCED |

RECEIVED To apply in payment of the charges
on the property described hercon.

If charges ar to be ]| r}:])l i
write or stamp here, “To be Prcpmd >

$ (The signature here acknowledges only the amount prepaid.) g‘
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2 AN PUTSUN OF COr A wider the.c
safd' pwgmxfmur allur .mypuniun nl‘ suid. m‘éw to destination. and
ui:rm e in Official Southern, \\%:§

m.u heix

.A;Jad o by the: ;bq\pu and nc;umuﬁ for himiland hisa

yilgns.

een and lllmuis Freight Classificatians in effector the date hereof, ¥ this is i roil of a cail
att lln: terms and conditions of the.suid bill oftlading, including those on the back thereof, sef farth in the classification or mnl’( witich governs the {ransportution of this shipment; and.the suld terms and conditious'are

ar.(2}in the mmor catricr

G B

AR

£ s d below, which satd careies (the word.carrier being understood throughout.this contract as

agmes to cm'f)\ to itx usaal placc of deliver-at said destinatlon, 1on its raute, otherwise ta ddiver to another carrier ott the raute fo suid destination, i€ is muhmll)l ngrccd as to cach carrief of ali or any

as cach party at any time interested in alt or any: of said property, thiit: every service ta be-performel hcrcunder shadi be:subject ta all the terms and condittons of the. Uniform Domestic Straight Bill af
i or toriff if this is n carrier shipment..

Puhargc; areto be prepaid,
wrife.ar sianip fere, “Ta he. Pmpdld.

Toapply in wmmaﬂiﬁ“ﬁm’g“cs"
w=on thr«g:-o"" g{:-:x descrined hereon.

$ D =

*"'Nwmmwmuwn“nu,n RO

s Teed

(Tl signature here. [ (t prepaid.}

-only the.

Snbjecx to Sectiqi 7 0f € xmdmﬁm of aﬁpllcable bill of lading, if this shipment is to be delivered to the consignee JCARRIER e FREIGHT
\urhout’ recaursgion the.consigrior, the consignor shiall sign the following statement: - .
- The.carrier fali not.malke delivery ql’ﬂ;us shipment without payment of freight and all other fawful charges. o s Propaid []—r‘ .
) 'VYNATUR%J()F(,ONSIQKOR ) }§ \\},\j AGEN’ﬁ’ R (Driver's Signature) , / ,-* ’ Coll;ect 3}
. ' B il - ‘w.,_‘n“’ .
£ ¥ i x ‘/:r/f//“ e, “\‘.
RECEIVED Aaﬁw oRr LAMHLM {CHARGES ADWANCED
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(%QGEN MURRAY CORPORATLON Bill of

y

Ship From:

LAKELAND, FL ‘
3695 Highway 60 West
Bartow, FL 33830, United
States

Ship To:

PAUL

CALL & MEET
: OKEECHOBEE,

Phone: #63-865-9716

Fax:; B63-864-8520

Order # 2187353
PO #8025
Order Type:

LKD STAMDARD

Customer Attachmenls:

Delivery Namez: 258608
0B
Way Bill:
Freight Clacgs: B@ (Unless
Frelght Terms: Prepald
Ship Method: ERGEN TRUCK~Truck-fround

otherwlise

“orstamer Requlrements:

,l LOANDS MUST BE STRIPPED 121
LdPesmeme JOBRSITE DELVY
CALL AHEAD —~PAUL PETRY 81369643088
0F EMTRANCE ))

R N Iy

NO

»
H

Doscriptlon

R S S L e

12.760% 0D X L3878 WALL

Item Number

LR Teyon

CP128220T8

PR A N Pt

Shippling
Linstruationsat
Numbeor Mumber

R T E T WINPT

Linme
Numb e r

M LG 9 MR R L AL SL €

Uam

[ RN

QACR3B97 07069 2.1 BT
DACOBBYS - JTOEYH R T

BACOIBRL  JO7BGY 20 a

BOL~470504

b i

PYRAMIDIN
MICCO BLUFF RD IN OKEECHOBEE,
((WILL

ERW

APPLIED DRILLING
ENGINEERING,
TAYLOR CREEK
8136954368

notad.)

Lading Date: 10-SEP-OB 1G:32 AM
Page: 1L oof 2
IN )
JOB/SFWMD
FL 34972-0000, United States
Plek Up Date:

o
3

Q ALLOWED v
Fl

TRUCK

9/BfOB 2y
DRIVER MUST
DRIVER AT THE GATE

- e

MEET THE

ABBBLAPL BLE XARwwed]

CPacking
tnstruationsQty

Pog

s L e sl

Lot Qly :
Shipped Wefght

46 EELURN PR R Al

Lo4l .17

Requestad

b Ftis ke 124 0 WK S (A 006

l.eo

SUK_AbA kI SN RN P Lk

21,00 1.00

21,00 Cgiie0 . 4.080 . Lleal.77

2y, 06 v, 00 1.00 1040, 77

¢ Mgnh; wl\_kh sald careier (the word caveler helng understond lhtllugllnl;l hils contret i

Thu property deseribed abmy, [n appurent goad order, exvept 15 1ited (cpntenis und eonglilen of contents uf puckupys

mennlig ony persun ar in stoenrry v s wual ploce uf dediver ot sald dust
suld property over all orany port

g

len ,qfs_ni,d raute tp deslination, ungd ;s ench panty ot any tim Interested I ull or any uf sald propeay. Yt vvery: service 1o be perfonned hyreondis ol he suhket fo pld Ha

ancked, cossig and destineg as

ln;l\‘lnn. ifun its muly. othenbae 1 defiver o nnather cureler on the reute i mild dustingion, It Is mutuglly wgrecth, o3 ta euch varsker af all or any

¢ yerms o cangiftipns of the Uniform Domestle Stealuhe BREnl

e {2) in il gpplfcahle mutor Crrier oF tarlfT If this s p carriyr shipnieat,

Laging st forth (1} In Officlpd, Southem, Western and !Iljm)h Freight Clasyfieations neffect on ‘the dhie toreuf, I this t o mfl or a el

Shipper hereby certifics Yhat he Is (ormitlar wiyh 818 the \eems oid conditins of e sald bill of tvdiug, frcluding hose on the back
herehy pyreed to hy-the shipper and pocepted for biniself und his agsigns.

Whereut, scrfarth In Wt claslentinn or vorifT which ga|!r:_r|s thie trangprtalinn nf Whis xhipshent, ond the ol terms onif conditluns phre

without recourse on the consignor, the ¢unsignor shull sign the-following statement:

-Subject to Sectiop 7 of Conditions of applicable bill of nding, If this shipment 13 to be iicll\'ered &o the consignee

ful charges.

CARRIER JFREIGAT |

U The carrier shyll not make delivery of this shipment without payment of: frelght and 1l other iaw! . Preppld 0
) )«A;run, OF CONSIGNOR e a j AGENT RER (Driver Signature) Collect [] *
‘e j?5 " 7, oy » :
If charges afe tobe prepaid, ) RECEIVED To pply in payment of the charges AGEN} _ CHABGES ADVANCED
write or stamp here, “To be Prepald.” on (he property described hereon.

5

®

(The signature here ach Iges only the imoun
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Bill of Lading NDate: 1G-SER-© A M
ot BOL~470504 Page: 2 of 2
% Number Deccrliption '

;;1*3;;;;““~ I;T;;;:Maaﬂgw.375 WALL ERW AS3IB;API BLB Xd42--~-21 FT

Shipping Packing

Linstructionsat Line InstructlonsQly Loll Qty Pos

Numbet Mumber Numbert Uom Requested Shipped, Welght
eicossez  Jeross 2.1 Fr 21.00  z1.00  1.00 104177
RACAIEES Jazes9 ) FTo71.00 23,00 1.00 leat.77

4CDIGGE JOIRE9 2.1 FT021.00 21,00 L.0d LeaL .77
Q@ACDIBOR 107069 2. FT  21.00 21.00 1.00 1041 .77
04ACR36L2 JOFese 2.1 FT 21.€@ 21. 90 1.0 toan .77
QACAIELS J@7A69 2.7 F1T 21,00 21,00 .00 141,77
DACHIELR JD7@e9 2.1 FTooo21.00 A N 1%] 1.0 1043 .77
Total Qty Shipped: 21@.00 Line Number: 2.1 210 .00

& s e b e VW ar A £E s RN e e bes AR 3 a) HEA S /S ek A i mdb AT e e er s ne wes,

Gross Welght: 1@AT7 .74 LBS Weighty 1@4L7.74 1LBS Total Pes 10,08

Additional
Informatloni

MTR'S SENT W/SHIRMENT - 1 ENVELOPE
ALL PREPATD FRETGHT INVOICES ARE TO 08 SENT T0:
Edgen Corporatlon,C/0 Hrousward Logletics, POR 230270, Housten,TX 77223.0370

The ltems covered by thle quotation/order/involae may be subject to various
laws dneluding U. 5. and Porelgn export vonbrols, EDUEN MURRAY CORPORATION fs

cofind Wted to compllance wlth all relevant export controel laws. If the Ltemy sdre

belag, or will be exported or re-exported, bthe Tollowing lLanguage applies:
"These commoditles, technology or software wera exported from the Unlted Btatews
of Amerlca in sscordanoe with the Export Admlnistration Regulatlons., Diverslon
contrary bto U, law du prohiblted.

Tho property described above, in upmmnl gnod prden wweept us nated (caniengs and uf comveniy af ¥ mirked, consiymied, and destined ns indivated helow, whhch said corrler (the word carrder being understond thmughaia thls conveuct
meaninyg Any person ir ¢ lipn under e et} ngrees 1 cnrry tn fiausunl ploce of dellvr ulmld desitnotivn, i on Bis posne, athenvbe to dedtver t another preder on the routce to sald dcﬂlunllnn it ls mutually ngreed, us to coch coeder nfall or any
sald praperty over pll or pny pon(m ul‘lnll.l mpte i dustingtlon, and pyvach pary o1 any tnwe serencd §n sl or any uf mbd paperty:. that Ln.ry service to be performut hercunder xhndl buubjm tooil the terma and ennd itluns of the Unifurm Donns\h. Steatght Dill nf
Lanling set forth (1) In Olficinl, Sputheen, Western and Ilinvis Fredyht Claedificutions In effect onthe date trerenl I this &5 a mil gr o mil or {2) In-the fe motnr enrrier fon or tarlfT If ths §x p corricr shipment,

Shipper heeeby ceiifics tht he Is famittor with all the terms pnd vonditfons of the gaid b of tndhnyg, including those on 1lw bml( therenf, sxt furth in the cluwslﬂmllnn or torff whish governs the lmnspnmulon of this xhlpmcnl nnd the sald terms nnd conditims arg
hierchy parecd to by th #hipper nnd pmpled for himseif und his pasigne

] FR_E_IGHT

o to Sevtion 7 of Conditions of le bill of Inding, if this shipment is to be delivered to the consignce JCARRIER
\vlthouc recourse on the conslgnor, the conslgnor shall sign the-following statement:
The carrier shall not make delivery of this shlpment without payment of freight and all othnr Insvful charges. Prepald [J

AGENT PER (Drlver’s Slgnnturc) Collect ]

" |RECEIVED To ppply in payment of the charges CHARGES ADVANCED

on the property described hereon. )
$ . {(The signature here pcknowledges only the pmount prepnid.) ]3










ool Laddiag Date: PSR GH BP0 PM
[ITRI TR WA (E Fiadpin PUNSE
(BB RN K NI R :
PNt 0 KU WAL BRW O AVIHLA/ K2, A-BASTA - =48 B
Feierde § g
boafis il EARRITY vt et s oy At gly
NTERITIT My VROM Plcinnes s 1 a ey ' Wer v g
REREUIORR Vo FUN i i i 1. T A
J1Laan Pt ody fhal 2, A Lo SRR
RGR 14 O R S V1] TR 14 .96 IR HE IR
L LEhan [ 1 AR ) I 11 [ ATS) KYUYI B
J3 L b AT O I 1] P e SN
AR IREUIAY 1. [ T A A 0 g b SRR G
NN RCIUEE 1o [ I TN AT 1 iap SRR
VEbaar bl A NS T ) Y | SREY R
GRU2261% Jilees [ L S S A L2 4% . G L R
SERE20 dE @R Lo O B DI 1117 A 1 Ui NE LR
5C 2 LY Jiioen Lo Y G e g ETe TR BEAY
QSC;: PR SLiuDe Ll FUoA e A7 D9 P i s
DRI ROTOAR Yo #r 41V 4.0 e i, N BTRN
T Lo L S SN 14 3 9 U B B YL R
J1wlia L | R 17 4 i ok RVERTEE
T P [ A A /R 17 GG HEOIN] R
Qry B B Poiviee Wombey o ) | M e
e . ‘\
yuuﬂgqgm;md abgvy, | In nmurcnl g)d urder, exdept; u}qd nteqts and gondition of confems of pacluges woknawm), magked, ppsigned, and Megtingd as indieated below, yhleh sald careies (fhe word.camler belng understoud throuphout shis eontrast.as
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HOIX) HWRINDA =
CERTIFICATE NO.  : B702076 PAGE  1of2 2 A l. = m A Biciarot ADHLBAL
PUAT = OO
DATE OF ISSUE. ¢ 2008-07-17 HYUNDAI HYSCO
HAHE - MILLINSPECTION CERTIFICATE mA-B3 KEVSA M7 SIS 2658 X) 683-040
CONTRACT(P/O) NO. : 200021031 MILL INSPECTION CERTIFICATE (ULSAN PLANT)  : %265 YUMPO-DONG, BUK~KU, ULSAN.KOREA
(== ] DA A . Gy A TEL:82~52~280~014, FAX:82-52~287-8916
COMMODITY : E.R.W. STEEL PIPE CUuSTOMER - MOERaA HEARS A §Al 427 BRE 26-6¥ X 137-504
ABRA {SEQUL OFFICE) . 28~6, JAMWON-DONG,
SPECIFICATION * APL 5L X42/API 5LB PSL1/ASTM AS3B/ASME SA538 SEOCHO-KU, SEOUL 137-804, KOREA
TEL:82-2-2112~9114, FAX:82~2-775-7035
B AN TENSILE TEST BREB(%) SANE SUAN
SYNW {Gage Length : 2 INCH} CHEMICAL COMPOSITION INPACT TEST COATING
aF B4 . Hs\‘(r?\ﬁolc— _ (e TEST
e DIMENSION Bl ww | Trest pFuE | o Hamio v
S 2% x SM x Qoi Sy |weGHT AzEe | gugs | JENSLE | 4 - | aun | e e sus | o2
Enp | (OUTDIA x THICK x LENGTH) HEATNO. | “yjgp | STRENGTH | & cls|un]Pr|{slcu|m]e v|m|Ne A lceq| NESS | apson- | DO | wagur | o | e
STRENGTHI T~ o w8 BeD | SHEAR lorzne | Test
pst | ws e | w |E ENERGY COAT
3] %2 3 2 {PCS) {(KG) %6 Mpa/Psl % | 1:] x100 %1000 x100 %1000 MV JOULE % o l.lnE.-S 5
EBBE|NB| 2-7/8"X0.203*X42.000' | 06 | 10,685 |3,000f G | CB31145 300 | 480 2 15l 2feole{ef[2]2]:1 TRITR | TR
44000 { 68.800
EBBE{NB 8-5/8" X 0.322" X 42.000' BO 43,680 12,350} G J11343 304 {438 | 462 | 3 15 3 71 16 4 2 2 1 TR| TR{ IR
45,000 § 54.000 | 585.800
EBBE{NB| B8-5/8*X0.322"X42.000' | 110 {60,060 §2.350| | J11343 300 | 438 {459 | 35 sl3innfie]latz]z]n TRITR| TR
44000 | 64,000 | 06.900
EBBE} NB | 12-3/4" X 0.375° X 42.000' 100 84,290 12,100} G J11154 301 | 445 | 460 | 36 15 3 68 | 11 7 2 1 2 TRITA{ TR
44,000 § 82,000 { 65200
EBBE[NB| 12-3/4"X0.375"°X42.000' | 56 |52.802 |2.100] ¢ | Jt1005 252 | 473 { 490 | 34 71afesfiz} etz TRITR | TR
51.200 | 64.200 | 74.100
37 34,888 [2.100] G G021565 353 | 440 | 462 | 37 15 2 65 ? 18 2 2 1 TR{TR{ TR
$1,200 | 42,000 ! 55,900
EBBE{NB| 16°X 0.375° X 42.000' 3 | asn (1670} a | wHizers 351 | 430 | 454 | 35 sla2im|injfala]|1je TR]ITR{ TR
HEAT VISUAL & FLATTENING, BEND, R-FLATTENING FLARING NONDESTRUGTIVE TEST .
B0 rpearment | %' omensionTest | *'2 guieDeenoTest | *13 Test e Test w15 ECTIM w6 AM.T W17 CRUSHTEST | W18 ORIFT TEST | 1D FLANGE TEST
GOOD Go0D Go0D GOOD GOOD
NOTE | X 1 Type of pibe End & & 2 NE:Notiminal Bore & 9@ . ODOULside Dlametar W3 Unit SFSIIMImm, Tneh) 4 Unit: Mater, FiFest, i:inch
EBEAW Biack End B:SAW Black TCiThresd Coupling_ |5 G:GOOD M6 Ulonghudinel RELY, T:Trangverse EWY K7 B:Bane Metal I, W:Waid Part 3%
EAERW Anmealing RG:SAW Galvanizing | RG:Roll Grooving %8 H:Heat(Ladie) Analysis @81 X&), P:Product Anslysis H @B &, WPiWald Product Analysls B2% REmEa W8 CEQuC+MN/B+(NHCU)/16+-{CremosV)/5 BRI AN
EG:ERAW RS:SAW Sprial VG:Victaulie Grooving
ECIEAW Sleck Thiead PEFiain End “[FCiPinin End * Coupisd | 'O Huat Trestment @212| %11 Visual & Olamension Tast Set B M&JA %12 Flattening/Bend/Guides Bend Test BU/BS/IUNT
[ E07ERW Gaivanizing Thiead BE:Beval End PBiFlain End + Bevel End | 13:Reverss Flatiening Test AAN N ¥14 Flating Teat YWAIN %15 Nondsalructive Test HIBAUN
EN:ERW Gaivanizing Scatfoiding TE:Thread End B0:8ell End % 16:Resichual agnetism Test IRTZANN  ¥17:Crush Tast FLUME %18:Drift Tost A QAN ®WILFlange Test FEUINY
NOTE 2 + GPEC YEAR ~ API 2004/ASTM 2006/ASME 2004
* NACE MR-0175
= RS2 AN FAN YADURS ZEVLICL 5{. jg m
WE HEREBY CERTIFY THAT MATERIAL DESCRIBED HEREIN HAS BEEN ACCEPTED IN ACCORDANCE WITH THE PRESCRIBED SPECIFICATIGN AND OROER
cEAABAAN YIIH FATEN NBA DAY BRI AR & UCH, IAFUN MBI NBA FEE BOILE FHY ¢ AL
SURVEYOR INSPECTION MANAGER

HYS - B301 -~ 631~ 1 - QLT

HYUNDA HYSCO

A(210%2



HEH US

. Holn -
%ESEFI!}CATE NO. 1 8702076 PAGE 20f2 %' A} 3 g H ( A )

“'“"“m,gm o

CHSlOIADF &I B A}

DATE OF ISSUE.  : 2008-07-17 , HYUNDA! HYSCO
Awe MILLINSPECTION CERTIFICATE  wy.3z BUBAN B2 BTG 2658 T 683-040
CONTRACT(P/O) NO. : 200021031 MILL INSPECTICN CERTIFICATE (ULSAN PLANT)  : %265 YUMPO-DONG, BUK-KU, ULSAN_KOREA
E- 3= DA A _— " TEL:82-52-280-014, FAX:82~52-287-8916
COMMODITY : ERW. STEEL PIPE CUSTOMER - DOITEHA HBNRA ABA M2 ZNE 28-6W 1) 137-904
HERZ (SEOUL OFFICE) . 28-6, JAMWON-DONG,
SPECIFICATION * AP1 5L X42/API 5LB PSL1/ASTM AS38/ASME SAS3B SEOCHO-KU, SEOUL 137~804, KOREA
' TEL:B2-2-2112~0114, FAX:82-2-775-7095
2IF AN TENSILE TEST R W) BANY SUAR
» UMY {Bage Length : 2 INCH) CHEMICAL COMPOSITION IMPACT TEST COATING
as ne Hsfrﬁlc::- [§ ) TEST
e DIMENSION e s | st o5zE | o o |-
are 2N x SN x Yol Ty |WEIGHT Tuue | ymzc STENS"-E = - ud'u% CRC] ‘m'a" ays |
END | (OUTQIA x THICK x LENGTH) | HEATNO. | “yigp | STRENGTH | & clsiimirlsfolmio!mlv|n]m A czal NESS | \gsop- | M@ [ mon T by
STRENGTHI T~ " =9 86D | AR loramc | Test
rsi | us B | w |& ENERGY COAT
ut w2 x3 x4 | (PCS) | (k@) 6 Mpa/P8! % | w8 x100 %1000 %100 %1000 | HY | JOULE % ol J“e-s 5
51200 | 62.300 | ¢3.400
41 | 48801 |1.670] 6 | cBi2242 325 | 480 | s08 | 37 wivt7etis{eteletvtrimim|im
48.000 1 #0700 { 72.000
1o | 22,615 {1670} G | cezie72 315 | 460 | 475 | 36 sl lefw|lofa]lals 1]7R| ™| TR
43500 { 88800 | w700
23 | 27.377 {1.670] G | ceazois 315 | 470 | 490 | 38 wi1imwinyietatizitr{s|miwmlm
43,500 | qa.200 | 71,300
TOTAL — 565 |398.760
HEAT VISUAL & FLATTENING, BEND, R~FLATTENING FLARING NONDESTRUGTIVE TEST . ;
%10 rpeatvent | %11 DimensionTesT | %12 Guiobd oevo e | ¥12 TesT u4 Test 15 ECTAD w16 RM.T ®17  CRUSHTEST | %18 ORIFT TEST | mis FLANGE TEST
OO0 L GOQD GOOD GOOD 800D
NGTE | #1 Type of pipa End &' & 2 NB:Noriminal Bore S & 3, OD:OumIde Dlemater W3 UNi ST (M:mm, Tanchy 4 UnK Maior, L.Roat, 1
E8.EAW Black End ﬁ__E:sKw 8lack TC:Thread’ Cnupﬂnu __]ws Gc:coop . %5 LiL ALY, TT WRYY  E7 S:8ese Melal 2T, W:Weld Pat -
_?%WW Aﬂ-'m“"lﬂ m___%gm_ cg‘;:': '3;“;'"0 - B8 H:Hest(Ladle) Analvels BRI &, P:Product Analysis B4, WP:Weld Product Analysls S % ASE4 MG CEQuC+MN/GH(NICU)/15+(CreMo+V)/5 SOIEA R
{cH Ing 5 3 autic Grooving .
G W Biack Thead PEPEn EnS PCPIein Bhd + Coupiod ¥ 10-Hoat Treatment Y2l %11 Visusl & Dismension Test Rt & MSRA 12 Finttening/Bend/Guided Bend Test BU/ME/SWAIN
FED-ERW Gaivanizing Thrasd BE'Bavol Eng PBPlain EnG + End |¥ 13:Reverse Flattening Test HAIN %14 Flering Tost ZUNS 15 Nondestructiva Test HI TN 2 AF
EN:ERW Gaivenizing Scaffoiding | TE:Thwead End 8D:Bell End % 16:Residusi Magnatism Tast SBIZAN W 17:Crush Test BUAN W18:Dritt Tost ZBAIN M19:Fange Test ROXAIN
NOTE 2 » SPEC YEAR — AP| 20D4/AGTM 2006/ASME 2004 -
« NACE MR-0175
= HES ¥ FAW YADY8S 2HYUD. ﬂo jg MM
WE HEREBY CERTIFY THAT MATERIAL DESCRIBED HEREIN HAS BEEN ACCEPTED IN ACCORDANCE WITH THE PRESCRIBED SPECIFICATION AND ORDER
* B BNBUM0 AT FATE NBA DY BH QUL ¢ USD, YABIN W WEN ABH AED WOIAE SN < AGUIC .
SURVEYOR INSPECTION MANAGER

HYS -B301-631-1-QLT

HYUNDAI HYSCO

A4{210%28
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FOLD HERE

The well rame, location and borehole reference datawere furnished by the customer,
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Allinterpretations are opinions based oninferences from electrical or other measurements end we cannot, and do Nt Quarsntes the accuracy or
comectness of ary interpretation, andwe shall not, exceptinthe case of gross or wilful negligence on our part, be liable or responsible for ary 0ss,
cogts, damages or expenses incumed o sustained by arione resuiting from ary interpretations made by amy of oo officers, agents or employees.
These interpretations are also subject to Clause 4 of our General Temis and Conditions a5 st out in our current Price Schedule,

Field Becording:

Location:

LAUREL

Software Yersion: 15C0-308

Engneer: CHARLES BEURKE

Office Becording:

[Z5 Center:

Sacramento, CA

Baseline:

Log Analyst:

Mud and Borehole Measurements:

Fm @& Measured Tempersture: 4.78chm.m

& S6degF

BHT:

2 2degF Bitsize: 12.25in

Rmf & Measured Termperature: 3.58chm.m

& S6degF

Type Fluid in Hole:

FRESH MUD

Fmc & Measured Temperature: 7.1 7ohm.m

& S6degF

Mud Density:  2.5lbrmfgal

Hemarks:

FIRST RUN IN WELL
Al SCHLUMBERGER DEFTH PROCEDURES FOLLOWED. DEFTH REFERENCE IS DRILL FLOOQR (2 FT ABOVWE GROUND LEVEL)

Foisson's Ratio (FPR)

Wpiv's Ratio (WPVS)

[

Wash oot

Bit Size

540

Stoneley Delta-T (DTST)

Shear Delta-T (D TSM)

540

Garnma Ray

[ gAFT)

150

MD
1 : 240
ft

Compressional Delta-T (DTCO

540
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*% Mark of Schlumberger

Processed Sonic Scanner® Log

hSIP*

Using the following logs:

SOUTH FLORIDA WATER MANAGEMENT DISTRICT

OKF 105

COMPAMNY"
WELL:

SEWMD

FIELD:

OKEECHOBEE
FLORIDA

County:
State:

Date Processed:  Aug-2008

SEWMD 5650 LOCK

200504117

COUNTRY:
Date Logged:
Well Location:

Cim

OF: 1.524m L

1.524m

KB:

Elevations:

Job Mumber:

AP Mumber:
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