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CONSTRUCTION AND TESTING OF INJECTION WELL SYSTEM #1
CITY OF PAHOKEE WASTEWATER TREATMENT PLANT
PALM BEACH COUNTY, FLORIDA

INTRODUCTION

In November 1988, the Florida Department of Environmental Regulation
(FDER) issued a construction permit Certification UCS50-145482 (modified in April,
1989) for one Class I Injection Well and an associated dual-zone Deep Monitor Well
to be installed at the Pahokee Wastewater Treatment Plant. On December 24, 1988,
contract documents and specifications prepared by Russell & Axon, Inc., project
engineers, and Geraghty & Miller, Inc., subconsultants, were made available to qualified
contractors for bidding on the well construction. The general site location is shown on
Figure 1. Bids were received by the Mayor of the City of Pahokee on January 24, 1989,
The contract was awarded to Youngquist Brothers, Incorporated, a drilling company
from Fort Myers, Florida on April 6, 1989.

The specifications contained provisions for constructing, testing, and completion
of one dual-zone deep monitor well; drilling and testing one 12-inch-diameter injection
well to a total depth of 3500 feet; conducting pumping tests in discrete zones in the
borehole; collecting cores to determine adequate confinement; conducting an injection
test to demonstrate that the injection zone could accept the effluent; and conducting
pressure tests and a radioactive tracer survey to demonstrate mechanical integrity.
Copies of the various geophysical logs, geologic logs, water-quality analyses, mill
certificates, mechanical integrity testing data, and core test data are included in the

Appendices.

Youngquist first mobilized manpower and equipment to the City of Pahokee
Wastewater Treatment Plant site in April 1989. The deep monitor well was completed
at a total depth of 2008 feet below pad level on August 4, 1989. The injection well was
completed at a total depth of 3510 feet below pad level on October 9, 1989. Final
testing of the injection well, including geophysical logging, injection testing, and
radioactive tracer survey testing, was completed by October 17, 1989.
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As a condition of the permit, the FDER requested that upon drilling and testing,
a final report summarizing the information obtained during the program be submitted

along with an application to operate the well.

This report documents the results of the well construction program and contains
the various test data used to evaluate the injection zone and confining sequence.
Conclusions are presented regarding the capability of the injection zone to accept
treated effluent and the integrity of the confining sequence. The monitoring program
required by Chapter 17-28.25, Florida Administration Code (FAC), is presented in
addition to operation and maintenance procedures for the wells. A plugging and

abandonment program also is detailed.

FINDINGS

1. The data from the injection well demonstrates the presence of an extremely
transmissive injection zone saturated with water containing a concentration
greater than 10,000 milligrams per liter (mg/L) of Total Dissolved Solids (TDS).

2. The injection zone has a transmissivity which is estimated to be greater than 2

million gallons per day per foot (mgd/ft).

3. The injection well has been tested at a rate in excess of 4.0 million gallons per
day (mgd) and is capable of accepting a flow rate of 3.9 mgd in accordance with

state regulations.

4. The injection zone occurs approximately between 2697 and 2950 feet below land
surface in Injection Well 1 (IW-1).
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5. The contact between the potable and non-potable water (greater than 10,000
mg/L of TDS) occurs at a depth of approximately 1820 to 1890 feet below pad

level.

6. The horizontal permeability of the confining sequence, as determined from core
tests from IW-1, ranged from 0.000554 to 0.00000794 centimeters per second
(cm/sec.)

7. The vertical permeability of the confining sequence as determined from core tests

from IW-1 ranges from 0.000103 to 0.000000756 cm/sec.

8. The presence of a highly transmissive injection zone in the Oldsmar Limestone,
suitable overlying confining sequences, and the deep monitor well system will
permit the operation of this injection well in compliance with State and Federal

Underground Injection Control Regulations.

DATA COLLECTION

The collection of data to accomplish the drilling and testing program objectives
required the use of a variety of techniques and equipment. The data collection methods

are described below.

A log of drilling and related activities (Daily Log) was maintained by the project
staff on a 24-hour basis throughout the course of the project. Items related to each
well’s construction and testing, various work tasks (geophysical logging, coring,
inclination surveys, and related incidents), and daily activities at the site were described.
Materials used during construction, time spent on contract items, and footage drilled
were recorded in a separate construction log; they also were noted in the Daily Log.
Copies of the Daily Logs were furnished on a weekly basis to the members of the
Technical Advisory Committee (TAC), along with copies of the driller’s log, geologic
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log, summary lithologic log, and weekly water-quality analyses and water levels for the
four surficial aquifer wells.

Formation cuttings were collected from the pilot holes in the injection well and
the deep monitor well. Lag time for the cuttings (time required for the cuttings to
circulate from the bottom of the hole to the surface) was calculated regularly to ensure
that reasonably accurate sample depths were recorded. The samples were washed,
dried, and examined microscopically prior to preparing the geologic log. A copy of each
geologic log is presented in Appendix A. Additionally, a continuous summary log which
correlated lithology, weight on bit, penetration rate, and a concise geologic description
was prepared. The summary log is drawn on a vertical scale of 20 feet per inch to
facilitate correlation with the associated geophysical logs. A set of samples from each

well was sent to the Florida Bureau of Geology in Tallahassee, Florida.

Cores were collected, using a core barrel and four-inch-diameter core bit, during
drilling of the 12-1/4-inch-diameter borehole. Core intervals averaged approximately
11 feet in length and sections were sent to a laboratory where they were tested to
determine their horizontal and vertical permeability, porosity, unconfined compressive
strength, and specific gravity. The cores also were photographed. Copies of the
laboratory reports and photographs of the cores are contained in Appendix B.

Multi-Shot Gyroscopic Surveys were performed on the injection well pilot and
ream holes prior to setting the 22-inch-diameter intermediate casing and the 12-inch-
diameter injection casing. The gyroscopic surveys provided evidence that the reamed
holes for the intermediate and injection casing strings had tracked the pilot holes.
Gyroscopic survey results are presented in Appendix C. Various geophysical logs were
conducted in the pilot holes to collect data regarding the injection zone, the confining
sequence, and the selection of monitor zones. Dual-induction (a shallow, medium, and
deep investigation borehole tool), temperature, caliper, natural gamma ray, and
borehole-compensated sonic/ VDL were conducted. Copies of the various logs for IW-
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1 are contained in Appendix D in a separate volume. Copies of the geophysical logs

for the DMW are contained in Appendix E.

The dual-induction log was used to differentiate between the limestone and
dolomite beds and, along with the gamma ray log, was used to aid in the correlation of
lithologic units in the hole. The "porosity"” log (borehole-compensated sonic) was useful
in identifying the injection zone, monitor zones, and the confining sequence, as well as

locating zones that could cause problems during cementing.

Inflatable straddle-packers were used to conduct pumping tests at various
intervals in IW-1. The packers were leased by Youngquist Brothers from TAM
International. Four pumping tests were performed in order to obtain hydraulic
conductivity and water-quality data. The tests were performed at a constant pumping
rate using a submersible pump set in the drill pipe. Drawdown and recovery
measurements were recorded and representative formation water samples were
obtained. The transmissivity and hydraulic conductivity values calculated from the

packer tests are presented in Table 1.

After installation and cementing of the 12-inch-diameter injection casing in IW-
1, a hydrostatic pressure test was conducted on the casing prior to the injection tests.
The casing was filled with water and placed under a well-head pressure of 140 pounds
per square inch (psi). Over the 1-hour test period, the pressure did not vary beyond the
5% limit as required by the FDER. The test pressure is more than 1-1/2 times the
expected maximum well-head pressure of 80 psi. Additional hydrostatic pressure tests
were conducted successfully on the deep monitor well’s 16-inch-diameter and 6-inch-
diameter casing strings. Detailed pressure test data are presented in Appendix F.

Water samples were obtained from the injection zone and both shallow and deep
monitor zones. The samples were analyzed for various constituents to establish the
"natural" or background quality of the water in the injection zone and in the shallow and
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deep zones of the deep monitor well prior to disposal of treated effluent. Copies of the
laboratory reports of the analyses are contained in Appendix G.

Following sampling of the injection well, 24 hours of background temperature and
pressure data were collected on the injection zone prior to beginning an injection test.
The injection test was run for a 24-hour period, during which approximately 2.8 million
gallons of water were pumped into the well. Subsequent to the pumping portion of the
test, recovery data were recorded. A detailed discussion of the injection test is

presented later in this report.

Following the injection test, a television (TV) survey was performed on the
injection well. Clear fresh water was pumped into the well before surveying with the
video camera. The favorable picture clarity obtained during the survey provided visual
data on the condition of the injection casing and the nature of the injection zone. A

copy of the survey has been supplied to each member of the TAC.

A Radioactive Tracer Survey (RTS) was conducted subsequent to the TV survey.
Eight logging events were conducted which consisted of measuring radiation levels with
three gamma ray detectors through an interval where a known amount of the radioactive
isotope Iodine-131 was released. A thorough discussion of the RTS test is included in
the report section entitled "Test Interpretation." A copy of the RTS Log is included in
Appendix D.

WELL DRILLING AND CONSTRUCTION

The construction of the injection well system commenced in April 1989 when
Youngquist Brothers constructed the drilling pad for IW-1 and the deep monitor well.
In May 1989, construction started on IW-1 and in June 1989, drilling commenced on the

deep monitor well.
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Injection Well 1

Construction of the injection well began in May 1989 with the drilling of a
nominal 47-inch-diameter ream hole to a depth of 193 feet below pad level. A caliper
and gamma ray log was conducted and 40-inch-diameter conductor casing was installed
at 193 feet. The casing was cemented in place using ASTM Type II cement with 12
percent bentonite. Copies of the Well Casing Mill Certificates and Cement Records are
presented in Appendices H and I, respectively. The bottom of the casing was cemented
with ASTM Type II neat cement and temperature logs were run after each cementing
stage. Following cementing of the conductor casing, a nominal 39-inch-diameter hole
was drilled to 996 feet below pad level. A caliper and gamma ray log was conducted
and 32-inch-diameter surface casing was set at 996 feet. The casing was cemented in
place with ASTM Type II neat cement at the bottom of the casing followed by ASTM
Type II cement with 12 percent bentonite. Temperature logs were conducted after

each stage of cementing,

After cementing of the 32-inch-diameter surface casing, the drilling method was
changed from mud-rotary to reverse-air drilling. A 12-1/4-inch-diameter pilot hole was
drilled to 2204 feet, followed by a gyroscopic survey and geophysical logging (dual-
induction, temperature, natural gamma ray, borehole-compensated sonic/VDL, X-Y
caliper). Straddle packer testing was conducted over the intervals from 1776 to 1821
feet and from 1890 to 1935 feet. After completing the testing program in the pilot hole,
the hole was reamed out to a nominal 32-inch-diameter hole. Following reaming of the
32-inch-diameter hole, a gyroscopic survey and an X-Y caliper log were performed.
Next, 22-inch-diameter intermediate casing was set at 2000 feet. Cementing of the 22-
inch-diameter casing required 105 stages. Gravel was used after stage 95 to fill the
interval from 1310 to 1295 feet. A detailed discussion of the 22-inch-diameter casing
cementing program is presented in the enclosed section of this report entitled
"Construction Problems." A list of all cement samples, including lost circulation
materials and additives, and their compressive strengths is shown in Appendix I.
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Temperature logs conducted during cementing of the 22-inch-diameter casing are

contained in Appendix D.

After cementing the 22-inch-diameter casing, a 12-1/4-inch-diameter pilot hole
was drilled to 3510 feet below pad level. During drilling of the 12-1/4-inch-diameter
pilot hole, five conventional cores were taken from the following intervals: 2359 to 2368
feet, 2403 to 2418 feet, 2587 to 2606 feet, 2633 to 2653 feet, and 2747 to 2757 feet. A
geologic description of each core and the results of the laboratory analysis of several
core samples are presented in Appendix B. Table 2 summarizes the core data obtained
and the intervals tested. Following completion of the pilot hole to 3510 feet below pad
level, a gyroscopic survey and geophysical logs (dual-induction, temperature, X-Y caliper,
borehole compensated sonic/VDL, natural gamma ray) were conducted. Straddle
packer tests were run over the intervals from 2511 to 2531 feet and from 2350 to 2370
feet. Next, a cement plug was set at approximately 2800 feet. The pilot hole was
reamed out to a nominal 22-inch-diameter hole to a depth of 2650 feet. Subsequently,
a gyroscopic survey and X-Y caliper log were conducted. The 12-inch-diameter final
injection casing was set and cemented in place at 2650 feet. ASTM Type II neat cement
was placed near the bottom of the casing followed by ASTM Type II cement with six
percent bentonite. The last five stages of cement consisted of ASTM Type II cement
with 12 percent bentonite. Temperature logs were conducted after each stage. Before
pumping the final stage (Stage 10), a cement bond log was conducted on the 12-inch-
diameter casing. A copy of the cement bond log appears in Appendix D. After
completing the cement bond log, a pressure test was successfully performed on the
injection casing. Results of the pressure test are presented in Appendix F. Following
the pressure test, the cement plug was drilled out and the original hole was cleared to
a total depth of 3510 feet. Water samples of the injection zone were taken (see section
entitled "Water Quality") and a caliper log was conducted from 2600 feet to 3495 feet.

The injection test program for IW-1 began with 24-hour background monitoring
followed by a 24-hour injection test. After the injection test, 12 hours of post-injection
monitoring were conducted. Results of the injection test are presented in Appendix J.
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Following the injection test, a background TV survey was conducted. After conducting
a temperature log and a radioactive tracer survey, testing of the injection well was
completed. A review of the cementing records, pressure test data, injection test data,
and radioactive tracer survey indicates that the injection casing is properly cemented and
that isolation between the injection horizon and overlying sources of drinking water has

been achieved.

The conductor, surface, and intermediate casings were constructed of 0.375-
inch-wall Grade B carbon-steel pipe. The final injection casing was 12-3/4-inch-
diameter Grade B seamless pipe with a 0.500-inch wall thickness. Copies of the mill
certificates are presented in Appendix H. Construction of IW-1 was finished on October
17, 1989 when the RTS was successfully completed. Final completion construction

details are shown on Figure 2.

Deep Monitor Well

Construction of the deep monitor well began with the drilling of a nominal 32-
inch-diameter ream hole to 192 feet. A gamma ray/X-Y caliper log was conducted
prior to setting and cementing 24-inch-diameter casing to 192 feet. The bottom portion
of the casing was cemented with ASTM Type II neat cement and the upper portion was
cemented with ASTM Type II cement with 12 percent bentonite. Following cementing,
a temperature log was conducted, and a nominal 24-inch-diameter hole was drilled to
1009 feet. A gamma ray/X-Y caliper log was conducted followed by setting and
cementing 16-inch-diameter casing at 996 feet using ASTM Type II cement with four
percent bentonite. The bottom portion of the 16-inch-diameter casing was cemented
with ASTM Type II neat cement. Following cementing, both temperature and cement
bond logs were conducted on the 16-inch-diameter casing. Additionally, a hydrostatic
pressure test was successfully performed on the casing. After the pressure test, a
nominal 16-inch-diameter hole was drilled to 1925 feet followed by a gamma ray/X-
Y caliper log conducted in the open hole. A string of 6-5/8-inch-diameter casing with
the top 1201 feet coated with an epoxy-phenolic coating was set and cemented at 1915
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feet. Cementing of the 6-5/8-inch-diameter casing required 16 stages (see Appendix I).
Temperature logs were conducted after each stage of cementing. The depth to the top
of the final cement stage was tagged at 1147 feet. A cement bond log and hydrostatic
pressure test were conducted on the 6-5/8-inch-diameter casing, followed by drilling a
nominal 6-inch-diameter hole to 2008 feet. A temperature log was conducted in the
open hole section and the lower part of the 6-5/8-inch-diameter casing. Both the
shallow (996 feet to 1147 feet) and lower (1915 feet to 2008 feet) monitor zones were
disinfected, developed, and sampled. Water samples were analyzed for primary and
secondary drinking water standards in addition to EPA Test Methods 608, 624, and 625
(see Appendix G for laboratory results). Final completion construction details of the
deep monitor well are shown on Figure 3. Geophysical logs performed during the

construction of the deep monitor well are presented in Appendix E.
Construction Problems

Although various problems occurred during the construction of the injection well,
drilling of the deep monitor well was accomplished without any significant delays.

On June 23, 1989, during the reaming of the nominal 32-inch-diameter hole in
IW-1, a drill cone broke off of the reamer assembly. On June 29, 1989, after several
attempts to retrieve the cone with a junk basket, a coring barrel tool was fabricated and

used to remove the lost bit cone.

Cementing of the injection well’s 22-inch-diameter casing began on July 11, 1989,
and finished on August 20, 1989. A total of 105 stages of cement was required with
many of the stages containing lost circulation materials such as celloflake, cottonseed
husks, and calcium chloride, a curing accelerator. Flowing conditions below 1300 feet
and cavernous zones were the main reasons for the excessive amount of cement used.
After pumping stage 95, the cement level had risen to 1310 feet. Subsequently, a
meeting was held on August 9, 1989, with the injection well’s engineer of record, TAC
members, and Geraghty & Miller representatives. After presenting the construction
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data to the TAC, permission was granted by the FDER to gravel the interval from 1312
to 1295 feet. After placing the gravel, ten additional cement stages were required to

complete the cementing of the 22-inch-diameter intermediate casing.

On August 28, 1989, the bottom hole drilling assembly twisted off while a 12-
1/4-inch-diameter pilot hole was being drilled at 2561 feet. An overshot tool was
fabricated and used to retrieve the bottom hole assembly on August 30, 1989.

On September 16, 1989, during straddle-packer testing of the interval from 2350
feet to 2370 feet, the bottom packer failed to deflate and was left in the hole. The

packer was retrieved on the first attempt with an overshot fishing tool.

SUBSURFACE CONDITIONS

Background

The final design of the injection well was based on information collected during
drilling and testing of the pilot holes. The drilling and testing program was designed to
provide flexibility and to allow for modifications in the well completion procedure as
dictated by local geologic conditions. The drilling program and specifications were
based on regional geologic conditions and data from existing injection wells in the area.
The following section presents the site-specific geologic conditions encountered during

this project.

Geologic Setting

An extensive sequence of carbonate sediments is present at the City of Pahokee
Injection Well site and throughout the region. As shown in the Cross Section on Figure
4, both the confining sequence and injection zone are present at similar depths in two
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wells in Palm Beach County. The two reference wells are the ENCON Injection Well
and the Pratt & Whitney Injection Well.

The structure of the geological units encountered during the construction of the
City of Pahokee Injection Well was sufficiently within the requirements of Chapter 17-
28 FAC. The injection zone proved capable of receiving the design rate of effluent
(3.41 million gallons per day [mgd]), and proper disposal of the effluent into this zone
should not contaminate any underground source of drinking water. A brief description

of the various geological units encountered is presented in the following text.

From land surface to approximately 178 feet, the sediments are comprised of
limestone, sandstone, clay, unconsolidated shell and sand, and peat. An organic-rich
peat layer extends from land surface to approximately 10 feet. The limestone generally
is very pale orange to light gray, fine- to coarse-crystalline, and contains varying amounts
of sand. The sandstone is predominantly very light gray to light olive gray, fine- to
coarse-grained and is comprised of quartz and some phosphatic minerals. Various
amounts of shell are contained within the sequence. Shells are particularly abundant
within the first 100 feet. These sediments correspond to the Shallow Aquifer in Palm

Beach County and are Pleistocene to Miocene in age.

Below 178 feet and extending to a depth of 760 feet, the sediment is composed
predominantly of a pale olive, plastic, calcareous clay which contains varying amounts
of sand-sized phosphate. Limestone is found within this sequence in amounts lower
than 20 percent and is generally micritic and poorly to moderately well-cemented.
These sediments correspond to descriptions of the Miocene-age Hawthorne Formation.

Over the interval from 760 to 1560 feet, limestone is the dominant lithology.
From 760 to 910 feet, the limestone is generally medium to coarse-grained, light gray
to yellowish gray, and contains varying amounts of sand. Calcareous clay also was found
in gradually smaller amounts over the interval. From 910 to 1560 feet, the limestone

generally is very pale orange, fossiliferous, and contains numerous calcareous pellets.



GERAGHTY & MILLER, INC.
13

The sediments between 760 to 910 feet are Miocene to later Eocene in age and
correspond with descriptions of Post-Hawthorn, Pre-Hawthorn, Suwannee, Tampa and
probably the Ocala Limestone. Sediments below 910 feet are similar to the later to
middle Eocene Avon Park Limestone. Drilling rates over the interval from 1000 to 1560

feet generally averaged less than two minutes per foot.

Dolomite was first encountered at approximately 1560 feet. The interval between
1560 to 1870 feet is represented by interbedded layers of dolomite and limestone. The
dolomite is predominantly moderate yellowish brown to dusky yellowish brown, very fine
to fine-crystalline, and contains dissolution features. The interbedded limestone in this

interval is mostly very pale orange, micritic, foraminiferal, and pelitomorphic.

From 1870 to 2090 feet, a very dolomitic limestone is encountered. It generally
is fine- to medium-crystalline, saccharoidal, and very pale orange to moderate yellowish
brown. From 1930 to 1960 feet, the limestone appears iron-rich and is grayish orange
to pale red in color. The interval from 1560 to 2090 feet is of middle to later Eocene
age and is similar to the Avon Park Formation and Lake City Limestone. Without
detailed microfossil identification, it is difficult to delineate the boundary between the
base of the Avon Park Formation and the top of the conformable sequence below the

Lake City Limestone.

Interbedded limestones and dolomites are found within the interval covering 2090
to 2820 feet. The dolomite varies in color from very pale orange to dark yellowish
brown and is medium to coarse-crystalline with a sucrosic texture. The limestones
exhibit varying degrees of dolomitization and are white to very pale orange, fine- to
coarse-crystalline, and pelitomorphic. Large-scale dissolution features are evident on
the caliper log below 2700 feet and vugs are present in rock samples taken from this
depth. The sediments below 2700 feet are early Eocene age and correspond with the

Oldsmar Limestone.
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From 2820 feet to the total depth at 3510 feet, the rocks are composed almost
entirely of dolomite, although more calcitic over the interval from 3180 to 3450 feet.
The top of the Paleocene-age Cedar Keys Formation was penetrated at approximately
3450 feet. Sixty feet of the formation were drilled and a yellowish gray to grayish
orange, sucrosic, gypsiferous dolomite was revealed.

The injection zone extends from approximately 2697 feet to 2950 feet in the
Oldsmar Formation. Results from the TV survey indicate that the dolomite sequences
within this zone exhibit extensive dissolution cavities. Open-spaced crystal growth is
commonly found in vugs within dolomite retrieved in the well cuttings. The majority
of the injected fluid will be disposed into the cavities between 2720 feet and 2920 feet.

Hydrogeologic Setting

The upper 180 feet of sediments beneath the site are Pleistocene-, Pliocene-, and
later Miocene-age sands, in addition to silts, limestone, and shell. These sediments
contain the surficial aquifer which is used as a source of drinking water throughout the
County. Due to the presence of highly mineralized water in the surficial aquifer in
western Palm Beach County, the City of Pahokee uses water from Lake Okeechobee for

drinking purposes.

Underlying the surficial aquifer are approximately 600 feet of Miocene clay and
marl which form a confining bed between the surficial aquifer and the Oligocene to
Eocene-age limestones and dolomites of the Floridan aquifer. This confining bed is
called the Hawthorn Formation. Water quality in the Floridan aquifer is poor in
comparison to the surficial aquifer. Water from the Floridan aquifer in this area
contains concentrations of dissolved solids which exceed drinking water standards. The
aquifer generally is not used as a source of drinking water in the County because of the
additional treatment required to meet potable standards. The Floridan aquifer exists
under artesian conditions with a potentiometric level above land surface. The dense
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Miocene clays of the overlying Hawthorn Formation provide good confinement for this

aquifer.

A confining sequence is present between 2350 feet and 2650 feet below pad level
in the City of Pahokee injection well. It consists of a thick sequence of dense limestone
with some interbedded layers of dolomite. This confining sequence overlies a section
of highly permeable dolomite of the lower Oldsmar Formation referred to as the
"Bolder Zone". This zone contains highly mineralized water and is used throughout

south Florida for the disposal of treated domestic waste effluent.

Confining Sequence

Information on the nature of the confining sequence was obtained during various
phases of the drilling and testing program. During pilot hole drilling, drill cuttings were
collected and examined by the on-site geologist and five cores were taken over the
interval between 2359 feet and 2757 feet. Several portions of each core were selected
to be analyzed for a number of parameters, including porosity and vertical hydraulic
conductivity. Table 2 summarizes the core data obtained and lists the intervals tested.
The lowest vertical permeability was exhibited by a core from 2597 feet which revealed
a permeability of 0.000000756 centimeters per second (cm/sec). The limestones and
dolomites comprising the confining sequence are apparent on the dual induction and
sonic logs. The log sections covering the interval from 2350 to 2480 feet are particularly

characteristic of uniform microcrystalline sediment.

After the completion of pilot hole drilling to a depth of 3510 feet, straddle-
packer tests were conducted in the borehole. A typical straddle-packer assembly is
shown on Figure 5. Two tests were successfully conducted in the interval between 2350
feet and 2550 feet. Values of hydraulic conductivity determined from these tests are
presented in Table 1. The data from the cores, laboratory test data, and copies of the
geophysical logs are presented in the appendices.
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Injection Zone

During the drilling of the well, the presence of an injection zone was indicated
by erratic penetration rates which are characteristic of a fractured cavernous dolomite
formation. Confirmation of the presence of the injection zone was made from the
cuttings, geophysical logs, TV survey and injection test. The results of the injection test
are presented in a subsequent section of this report. Evidence gathered during drilling
and testing confirmed that the injection zone consists predominantly of fractured and

cavernous dolomite.

The correlation between the injection zone and the occurrence of dolomite is
shown clearly on the Dual Induction and Borehole-compensated Sonic logs presented
in Appendix D. The resistivity profile shown on the Dual Induction log varies drastically
within the injection zone. This variation is due to the presence of a massive, dense
dolomite (higher resistivity), along with fractures and cavities containing highly
mineralized water (lower resistivity). On the Borehole-compensated Sonic log, the
abrupt and large changes in transit velocities and cycle skipping between 2697 feet and
2950 feet confirm the presence of fractured dolomite containing large cavities. Drill
cuttings were composed mainly of hard, fine- crystalline dolomite with dissolution
features. Also, the presence of large cavities and fractures can be seen on the TV

survey.

Water Quality

Prior to the preliminary injection test, representative water samples were
collected from isolated sections of the borehole during the straddle-packer tests in IW-
1 and from the injection zone. Water samples also were collected from both monitor
zones in the deep monitor well. The water samples were analyzed for selected ions to
establish the 10,000 mg/L TDS the interface, background water quality of the injection
zone, and the background water quality of the monitor zones. Results of these

laboratory analyses are presented in Appendix G.
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Two straddle-packer tests were conducted in IW-1 in the interval between 1776
and 1935 feet. The formation intervals tested were both 45 feet in thickness. During
the straddle-packer tests, each section of the hole was isolated using inflatable packers
provided and installed by TAM International. Each zone was pumped for a minimum
of four hours using a submersible pump. Temperature, conductivity, and chloride
readings of the water from the isolated zones were taken periodically throughout the
tests. Just prior to the end of the tests, samples were collected from each zone for
laboratory analysis. Based on geophysical logs and water quality data from the packer
tests, the 10,000 mg/L TDS level in the City of Pahokee injection well is estimated to
be between 1821 and 1890 feet. Below 1821 feet, the TDS increases rapidly and reaches
a value of 16,153 within the interval between 1890 feet and 1935 feet (see Table 3).
The analysis of the deep monitor zone sample (1915 to 2008 feet) confirms this abrupt
increase in TDS. The static heads measured at the end of the recovery period in the
straddle-packer tests support the water-quality data. The interval from 1776 feet to 1821
feet contains lower density water than the interval between 1890 feet to 1935 feet. For
regulatory purposes, the 10,000 mg/L TDS interface is estimated to be at approximately
1850 feet.

The water-quality data obtained from the injection zone sample reveal a TDS
level far greater than 10,000 mg/L; therefore, the zone can be used for the disposal of
treated wastewater in compliance with Chapter 17-28 FAC. Water quality analyses of
the samples obtained from the straddle-packer tests, shallow and deep monitor well

zones, injection zone, and plant effluent are contained in Appendix G.
RADIOACTIVE TRACER SURVEY
On October 16 and 17, 1989, a Radioactive Tracer Survey (RTS) was conducted

in the injection well located at the City of Pahokee Wastewater Treatment Plant. The

survey began at 8:00 a.m. and was concluded at 5:30 a.m. the following morning. During
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this time, a total of eight "slugs" of the radioactive isotope Iodine 131 was released. The
slug of tracer material varied in strengths between one and five millicuries (MCI).
Each release of tracer material was accompanied by two or more logging events. Each
logging event consisted of moving a logging tool through the interval where the slug was
released. The logging tool was equipped with the following: casing collar location
(CCL) to pinpoint the depth of the casing seat, two tracer material ejectors (VEI and
LEI), and three gamma ray detectors (the lower detector [GRSG], the middle detector
[GRTE], and the upper detector [GR]). A diagram of the logging tool used for the tests
is shown on Figure 6 and a copy of the RTS log is included in Appendix D.

A "fresh water bubble" was established by pumping fresh water into the well over
a period of several days prior to the survey. Over 2.5 million gallons of fresh water
were pumped into the injection zone during this time. The "fresh water bubble" is
required to provide a potential for upward migration of fluid. The potential was
measured by a pressure gauge mounted on the well head and a static pressure of 29 psi
was recorded at the beginning of the RTS. Because the gauge well head pressure was
zero before any fresh water was introduced into the well, the surface pressure recorded
at the beginning of the test was due entirely to the density difference between the native

formation water and the injected fresh water.

The testing began with the recording of a temperature log from surface to
approximately 2700 feet. The next phase of the test consisted of conducting a gamma
ray log from 2708 feet to 1136 feet. This first gamma ray log provides the "background"

information to which subsequent logs are compared.

For each test, time-drive monitoring commenced just prior to the release of the
slug. In time-drive monitoring, 1.5 inches on the log’s vertical scale equals one minute
(see Figure 7). In the center unscaled column, where one is accustomed to reading the
measured depth of the well, there are small tick marks along the left side which indicate
one-minute increments. Ten minute increments are numbered for ease of
interpretation. On the right side of the center column, a large, dark tick marks the time
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when the tracer material was released. The attached figure represents a typical log

format during time-drive monitoring.

The first slug of tracer material was ejected at 12:03 p.m. on October 16, 1989,
and is labeled "First STATIC" on the log. For this test, the upper ejector (VEI) was
positioned one foot below the casing seat (bottom of the casing). It should be noted
here that the casing seat was located at 2652 feet by the TV Survey on October 13,
1989. However, as determined from previous geophysical logs, the actual depth of the
casing seat is at 2650 feet. For simplicity’s sake and for the purposes of this report, the
depths used during the RTS test will be assumed correct. Time-drive monitoring ceased

after a total of 61 minutes.

As can be seen on the RTS log, the middle gamma ray detector (labeled "GRM"
on the log and "GRTE" on the scale) is the first detector to indicate the presence of the
tracer material (after 10 minutes). It should be noted at this point that because of the
proximity of GRM to ejectors VEI and LEI, the scale for GRM is 0-2000 American
Petroleum Institute gamma ray units (GAPI). Additionally, after this first release, GRM
became stained with radioactive material and ceased to be useful in detecting small
amounts of radioactivity. After approximately 20 minutes the bottom gamma ray
detector (GRB on the logs and GRSG on the scale) began showing the presence of
radioactive material. After approximately 48 minutes, the radioactivity level peaked at

approximately 680 API units.

Because no radioactivity was detected at GRT, this test shows that there is no
movement of water from below the casing seat into the casing or through the cement

sheath behind the casing.

A gamma ray log up to approximately 2000 feet then was conducted to ensure
that no tracer material had moved up into or behind the casing through the cement or
formation without being detected. Fresh water then was pumped to remove any residual
tracer material that lingered at the bottom of the hole. An additional gamma ray log
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then was run from 2756 to 2553 feet to locate any radioactive stain present in the hole.
As can be seen from the log labeled "Logged Thru Slug After A Flush", the tracer left
a considerable stain immediately below the casing seat at 2653 feet (which is where the
tracer material was released) and at approximately 2710 feet (which is where the
formation becomes fractured and very permeable). These stains are experienced
routinely with this type of test and are repeated with each subsequent test.

It should be noted that there are two curves shown in the GRT column on this
same log. The dashed line, labeled GRT BG, represents the naturally occurring gamma
ray radiation or background obtained from the first gamma ray log. The solid line
(GRT) curve was the gamma ray radiation log conducted at the time. The separation
between the two curves indicates an increase in radiation since the first log was
recorded. Naturally, this increase is due to the presence of the new source (Iodine 131)
introduced during the test. It also indicates the difference in permeability between the

formation above 2710 feet and the formation below 2710 feet.

The second static test began by placing ejector VEI S feet inside the casing at
2647 feet. This test is labeled "Second Static Test" on the log. The procedure for this
test was the same as the first static test. After approximately 5 minutes of time-drive
monitoring, the tracer material was detected at the upper detector. Approximately 9
minutes after releasing the slug, the lower detector began showing signs of tracer
material. Both detectors GRT and GRB were showing several hundred API units
before time-drive monitoring was discontinued after approximately 15.5 minutes. The
short-time interval between release of the tracer material slug and detection by GRT
was a source of some concern. As a result, a thorough check to ensure that there was
no leak in any of the above ground piping was conducted and then a gamma ray log
was conducted. The results of the gamma ray log, labeled "Logging Thru Slug," indicate
that there is no appreciable difference between the amount of background gamma ray

radiation and the current radiation above 2644 feet below pad level.
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The tool was reset with the ejector (LEI) set at 2647 and the second static test
was rerun under identical conditions. The slug was detected after approximately 8.5
minutes by GRT and after approximately 10.5 minutes by GRBA. As in the previous
test, a gamma ray log was run as in the previous test to confirm that no additional tracer
material had migrated up-hole. However, the rate of dispersion of tracer material
upward, compared to the rate of dispersion downward, was still a source of concern.
Time-drive monitoring was initiated at this point and fresh water was pumped to clear
the tracer material from inside the casing. After approximately 26 minutes of pumping
fresh water, the tracer material was essentially cleared. However, a stain on the casing

was now beginning to form at 2647 feet.

The next section of log labeled "Logging Thru Slug After A Flush" illustrates the
extent of the stain inside the casing. More fresh water was pumped to clear the stain,
and the hole was logged again. The next log section, unlabeled on the log, shows that
the stain, although still present, is virtually eliminated above 2638 feet.

In order to ensure there was no water leak in the above-ground piping to account
for the faster upward migration of tracer material (faster than the rate of downward
migration), the tool was reset with ejector LEI located at 2473 feet. A one (1) MCI slug
was released after time-drive monitoring commenced. Tracer material was detected
after approximately 7.5 minutes by the lower detector GRB and after 13 minutes by top
detector GRT. Time-drive monitoring ended after 21 minutes. A gamma ray log was
run through the slug and as can be seen on the section of log labeled "Logging Thru
Slugs," the tracer material was found to be evenly dispersed between approximately 2440
and 2510 feet. This indicates that the tracer moved up from the point of release
approximately 37 feet and that there was no leak in the above-ground piping or in the

casing above approximately 2440 feet.

Next, fresh water was used to flush the tracer material from the casing. The tool
then was reset at 2620 feet. Again, a 1 MCI slug of tracer material was released after
initiating time-drive monitoring. The slug was first detected by GRB and GRT after
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approximately 15 minutes. A substantial change of GRT, however, did not occur until
after almost 30 minutes. Time-drive monitoring was terminated after almost 65 minutes.
The gamma ray logging tool then was lowered to 2706 feet and a log was conducted
through the slug to 1950 feet. The previous test results were repeated in that the tracer
material was evenly dispersed over the interval from approximately 2596 feet to 2646
feet. This test showed an upward dispersal of the slug of approximately 24 feet and a
downward dispersal of 26 feet.

Fresh water then was pumped to clear the tracer material from the casing.
Another gamma ray log was run to see if there were any hot spots on the casing which
might indicate a hole in the interval previously tested. The log showed no hot spots or
stains in the casing below 2486 feet. (Previous static tests indicated no leaks above or
below 2473 feet.) The separation between GRT and GRTBG on the log (File 24)
between 2630 feet and 2650 feet is attributed to normal buildup of stain at the bottom

of the casing string.

The results of the static RTS testing indicate that there is no leak inside the
casing or in the cement sheath behind the casing. The reason for faster upward
migration of tracer material when the ejector is positioned near the casing seat is due
to turbulence created by water movement below the casing seat. The radioactive tracer
survey revealed significant permeability in the formation immediately below the casing
seat. This conclusion also is supported by geophysical logs run in the open hole over

this interval.

Additionally, evidence of this water movement is shown in the TV Survey. Below
approximately 2630 feet, suspended sediments can be seen in the casing. The section
of the TV survey that proceeds into open hole was conducted without pumping any
water at the surface. During this portion of the tape, suspended sediments can be seen

in motion due to water movement.
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The next part of the RTS is presented in the section of the log labeled "Low
Flow Dynamics" (File 25). For this portion of the test, a low flow rate of approximately
40 gallons per minute (gpm) was established prior to commencement of time-drive
monitoring. The ejector was positioned at 2621 feet and a 2 MCI slug was released.
After its release, the slug was detected near the two minute mark by GRB located
inside the casing at 2636 feet (GRM responded almost immediately but, as already
explained, useful data cannot be discerned due to stain.) Gamma ray levels returned
to normal after approximately 13 minutes. After 32 minutes, gamma ray radiation was
again detected by GRB at 2636 feet. This indicates that tracer material had moved up
behind the casing, either in the formation or through channels in the cement sheath.

The velocity of the tracer movement was calculated based on flow rate, the
length of casing that the tracer had to move through before leaving the casing, and the
depth difference between the casing seat and GRB. It was determined that, at the
current pumping rate (40 gpm), tracer material would be detected at GRT after 72
minutes of time-drive monitoring if the cement sheath did not seal the casing to the
borehole. Consequently, time-drive monitoring was continued for a total of 75 minutes.
No increase in gamma ray radiation was detected by GRT and time-drive monitoring

was discontinued after 75 minutes.

A gamma ray log then was run (File 26) from 2706 feet to 1945 feet. A stain on
the casing was detected at 2621 feet, which was the location of the ejector that released
the slug of radioactive material. The separation between the curves representing the
log response for GRT and GRT BG indicates some increase in gamma ray radiation
below 2621 feet. This increase over the background readings is attributed to stain on

the casing.

A second dynamic pumping test was conducted at a flow rate of 3000 gpm. The
tool again was set with the ejector positioned at 2621 feet. As can be seen on the log
(File 28), a 2 MCI slug was ejected shortly after initiating time-drive monitoring. The
tracer material was detected immediately by GRB (Note: GRM shows a decrease of
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radioactivity during this period.)  Time-drive monitoring was continued for
approximately 31 minutes without any detectors showing indications of increased
radioactivity. After time-drive monitoring was discontinued, a gamma ray log was run
from 2706 feet to 1948 feet. As can be seen from the next log section (File 29), the
stain at the casing seat is still visible. But the casing, although still stained, shows

gamma ray readings very close to background.

Next, a third and final dynamic pumping test was conducted (File 30). Again, the
ejector was located at 2621 feet, however, the pumping rate was reduced to 1400 gpm.
A 5 MCI slug of tracer material was released shortly after time-drive monitoring was
initiated. Again, GRB detected the slug almost immediately after release. Time-drive
monitoring continued for 31 minutes without any radioactive tracer material being
detected. The 5 MCI slug was used to ensure that there would be enough radioactive
material present for the tool to detect, if any should migrate upward outside the casing.

After discontinuing time-drive monitoring and pumping, a final gamma ray log
was run (File 31) to ensure that no tracer material had migrated upward. As can be
seen on the log, a stain is present at 2621 feet (the location of the ejector). The stain
provided a slightly larger response than after the second dynamic test. This probably
is due to the slower pumping rate, and, thus the less efficient cleansing of the casing;
the cumulative effect of repeated ejections at the same location; and the unusually large
size (radioactive strength) of the slug. The log correlates very closely with the original
GRT BG above the location of the stain. This indicates the absence of tracer material

behind the casing due to upward migration through the formation or cement sheath.

OPERATION AND MAINTENANCE

When the injection wells are operating during long-term injection testing and
over their operational life, a variety of data will be collected to satisfy statutory/permit

requirements and to assist in managing the system. This section discusses the basic
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requirements for data collection to aid in permit compliance during the initial testing

period and during the operation of the system.

Injection-Well Data Collection

The well-head pressure and the injection rate will be monitored continuously to
ensure that the maximum pressure at the well head does not exceed 92 pounds per
square inch gauge (psig) and the velocity down the well does not exceed 8 feet per
second. Values of the daily maximum flow in millions of gallons per day (in mgd) and
total daily flow (in mgd) will be recorded on a daily basis and submitted monthly to the
Florida Department of Environmental Regulation (FDER). Daily measurements of the
maximum injection pressure (in psig), and the average injection pressure (in psig) also
will be reported monthly to the FDER. Monthly averages for the daily maximum flow
(mgd), daily maximum injection pressure (psig), and daily average injection pressure
(psig) will be calculated for monthly reporting to the FDER. Measurements of the
injection pressure and rate should be made at the same time and recorded so that
correlations between these two values can be made. It is essential that performance
data be collected from the start to establish baseline information for satisfying regulatory
requirements and to serve as a benchmark for future data comparison and analysis of
performance. The records will be maintained permanently. The lead plant operator or
a higher official must sign and date each submittal. A sample form for recording the

above-mentioned measurements and calculations is included in Appendix K.
Monitor-Well Data Collection

The purpose of monitor-well data collection is to detect changes in water quality
in the monitor zones that could be attributed to the injection of treated effluent. The
parameters established for analysis are chlorides, specific conductance, fecal coliform,
5-day biological oxygen demand (BODS), total dissolved solids (TDS), pH, temperature,
and ammonia. Analysis for these constituents will be conducted weekly and reported
to the FDER monthly. The lead plant operator or a higher official must sign and date
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each submittal. A sample form for recording the results of analysis for the above-

mentioned constituents is included in Appendix K.

In order to collect the monitor-zone data, the deep monitor wells have been
equipped with sampling pumps. At least three well volumes will be pumped from the
monitor zones before samples are taken. The water from the monitor zones will be

discharged into the treated effluent wet well and disposed into the injection well.

The integrity of the monitor-zone sampling systems is to be maintained at all
times. Sampling lines and equipment shall be kept free of contamination through the
use of independent discharges and no interconnections with any other lines. Because
both monitor zones will flow due to artesian pressure, the height of the water column
in each monitor zone will be the same as the total depth of that monitor zone; i.e., the
water column in the shallow monitor zone will be 1,147 feet and the water column in
the deep monitor zone will be 2,008 feet. The volume of water in the shallow-monitor-
zone water column is approximately 12,126 gallons and the volume in the deep monitor
zone is approximately 2,550 gallons. Multiplying these volumes by 3 will determine the
minimum volume of water required to be pumped from the respective monitor zones
prior to sampling. Therefore, a minimum of 36,378 gallons of water must be pumped
from the shallow monitor zone and a minimum of 7,650 gallons of water must be
pumped from the deep monitor zone. Assuming the sampling pumps have a pumping
rate of 75 gallons per minute (gpm), the deep monitor zone should be pumped for a
minimum of 1.75 hours (7,650 gallons divided by 75 gpm divided by 60) and the shallow
monitor zone should be pumped for a minimum of 8 hours (36,378 gallons divided by
75 gpm divided by 60). Should a higher or lower pumping rate be determined, the
pumping time can be adjusted accordingly. Monitor-zone pressure data should be
recorded prior to the purging and submitted to the FDER with the monthly reports.
Forms have been provided for recording this data (see Appendix K). Also, daily
measurements of the maximum, minimum, and average monitor-zone pressures must be
maintained. It is recommended that a 7-day wind-up, 2-pen pressure recorder be
employed for this task. This gauge can record both monitor zone pressures
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simultaneously and will not require any electrical service to the well head. Forms have

been provided in Appendix K for recording this information.

Injectivity Testing

A well’s injectivity is a function of (1) friction loss in the casing; (2) the bottom-
hole driving pressure; and (3) the density differential between treated effluent and the
formation water in the injection zone. The latter is a constant as long as the
temperature and density of the injection fluid remains constant. Bottom-hole injection
pressure and friction loss in the casing can vary as a result of changes in the flow rate,
plugging of the injection zone, and/or the physical condition of the pipe. In general,
pressure builds slowly with time (for a given pumping rate) as the casing "ages."
Similarly, plugging of the injection zone can cause a gradual pressure build-up with
respect to time; this is not expected at the Pahokee well because of the cavernous

nature of the injection zone.

Periodic determination of a well’s injectivity can be used as a measure of a well’s
efficiency and is recommended as a monitoring tool for the injection well system.
Performing the test is relatively simple. It involves injecting into the well at two
injection rates and recording the injection pressure for each rate. The high injection
rate should approach the maximum design flow or an injection rate as high as can be
sustained for the injectivity testing period. The injection flow rate (mgd) and the
injection pressure (psig) should be recorded and reported for each injection rate.
Additionally, the shut-in well-head pressure (psig) with no flow must be recorded and
reported. All readings during the injectivity testing should be taken after the selected

injection rate has stabilized for a minimum of five minutes.

Monitor zone pressures must be recorded prior to, during, and after each
injectivity test and submitted to the FDER with the test results. A form has been
provided for recording these results (see Appendix J).
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The injectivity is calculated by dividing the injection rate by the surface injection
pressure (well-head pressure minus the static pressure). The result is expressed as
gallons per minute per psi. As noted, testing should be conducted at two rates so that

future comparisons can be made.

A procedure for injectivity testing should be established as soon as the wells are
placed in operation in order to collect baseline operating data. The procedure should
be easily repeatable so that injectivities can be computed for the same injection rates.
Testing should be conducted monthly for the life of the well. The lead plant operator
or a higher official must sign and date each submittal.

Mechanical Integrity Testing

An injection well has mechanical integrity if there is no leak in the casing and
no fluid movement into any underground source of drinking water through channels
adjacent to the injection well casing. In accordance with the Chapter 17-28.13(6) and
17-28.25(1) FAC, the mechanical integrity of all injection wells must be demonstrated
every five years. A TV survey is required for the injection well and injection zone. The
injection casing must be pressure tested or tested by an approved method to
demonstrate the absence of leaks. A temperature and/or noise log and monitoring of
overlying aquifers will be conducted to demonstrate absence of fluid movement through
channels adjacent to the injection well bore. A radioactive tracer survey (RTS) also is

required every five years.

Plugging and Abandonment Plan

Section 28.27(2) of Chapter 17-28 FAC states that "an applicant for an
Underground Injection Control permit shall be required to submit a plan for plugging
and abandonment which may include post-closure monitoring of the injection operation."
The FDER can order the plugging of an injection well when it has been abandoned or
has been "determined to be a threat to the waters of the State." Additionally, a P&A
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(plugging and abandonment) plan should be included in the Operation and Maintenance
manual for the treatment facility so that it can be implemented promptly in the unlikely
event it is ever needed. The objective of the P&A plan is to effectively plug or seal the
borehole through the confining bed thereby preventing the upward migration of injected
treated effluent and the circulation of ground water of different qualities. The program
described in this section accomplishes that objective.

In the event the City of Pahokee injection well has to be abandoned, the
following program would be followed. The plugging program will require the services
of a qualified contractor and equipment capable of installing drill pipe to a depth of
approximately 2700 feet; pumping ASTM Type II neat cement, mixing and pumping
drilling fluid to suppress flow, and providing some form of blow-out prevention

equipment.

The initial step in the program will be to mix a solution of "weight" material and
pump it into the well to suppress flow. Sufficient weight material should be added to
the well to depress the fluid level to approximately 20 feet below pad level. A supply
of previously-mixed drilling fluid should be kept on-site as weight material and may have
to be added periodically to maintain the desired fluid level in the well. Following the
addition of the weight material, the well-head assembly will be removed to permit easy

access into the well. A blow-out preventor will be installed at this time.

The bridge plug will consist of 2-inch-diameter threaded tubing and two cement
baskets assembled on location and lowered into the well on a string of drill pipe. A
careful tally of pipe lengths should be kept to permit setting of the plug with the cement
baskets about 5 feet above the bottom of the injection casing. The 2-inch-diameter
casing will have a bottom plug and two sets of left-hand threaded couplings at levels
about 80 and 140 feet above the bottom of the injection casing. A series of cement

ports will be cut into the 2-inch-diameter tubing above the cement baskets.
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The cement baskets will be expanded and set by adding crushed limestone to the
well and allowing it to settle. A mixture of ASTM Type II neat cement will be pumped
into the well through the drill pipe and the cement ports above the limestone fill. The
quantity of cement pumped should be equivalent to the volume of slurry required to fill
the casing from the top of the limestone to one foot below the lowermost left-hand

threaded coupling.

The cement will be allowed to set for at least 24 hours, then "tagged" with a wire
line to determine if fill-up has been achieved. If not, additional crushed limestone will
be added and another stage of cement will be pumped. (A single stage of cement
usually is sufficient to build the first portion of the bridge plug.) A strain of no more
than 1000 pounds above drill string weight will be exerted. If no movement occurs
(other than pipe stretching), the plug is deemed set and the Contractor will proceed with
disconnecting the assembly by rotating and "backing off" the drill pipe (right-hand
rotation will unscrew the pipe from the left-hand threaded couplings). Two successive
small stages consisting of no more than 100 feet of cement fill-up will be pumped. The
remainder of the casing will be filled with neat cement after the two smaller cement

stages are set.

The deep monitor well also will be plugged in the event the injection well is
abandoned. However, the FDER may require sampling of the monitor zones for some
period of time after abandonment and plugging of the injection wells for post-closure
monitoring of the system. The 6-5/8-inch-diameter tubing for the deep monitor zone
can be plugged from the surface by pumping sufficient ASTM Type II neat cement to
displace the fluid in the tubing. The upper monitor zone will require installation of a
tremie line to fill the hole from 1147 feet to the surface. Cementing of this zone should

require only one cement stage.
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FINAL COMPLETION CONSTRUCTION AND TESTING DETAILS FOR
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EAST—WEST STRATIGRAPHIC CROSS SECTION
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TABLES



GERAGHTY & MILLER, INC.

Table 1. Hydrologic Properties of Straddle Packer Test Intervals,
Injection Well 1

Int. Calculated Hydraulic Hydraulic
Thickness Transmissivity Conductivity Conductivity
Test Depth (ft) (GPD/ft) (GPD/£t2) (cny/sec.)
1 1776 - 1821 45 78,185 1,737 0.082
2 1890 - 1935 45 N/A N/A N/A
3 2350 - 2370 20 1,377 69 0.0032
4 2511 - 2531 20 N/A N/A N/A

N/A = Not available. Poor data recovery due to borehole conditions.



Table 2. Results of the Analysis of Selected Core Samples, Injection

Well 1
Horizontal Vertical
Hydraulic Conductivity Hydraulic Conductivity
Sample  Core Depth (cy/'sec) (cmy/sec)
1 2366 0.0000242 0.0000318
2 2367 0.0000331 0.0000376
3 2411 0.0000512 0.000103
4 2412 0.0000216 0.0000128
5 2414 0.00000794 0.0000318
6 2592 0.0000119 0.0000459
7 2597 0.0000675 0.000000756
8 2603 0.000175 0.00000151
9 2637 0.0000475 0.0000157
10 2644 0.0000151 0.00000217
11 2648 0.0000620 0.00000616
12 2747 0.000554 0.0000242
Notes: (1) Four-inch-diameter cores

(2)

Analysis performed by Professional Service Industries,

Inc., Clearwater, Florida.



Table 3. Water-Quality Analyses, Injection Well 1 and Deep Monitor Well,
City of Pahokee Wastewater Treatment Plant
Specific

Interval TDS Chloride Conductance Sulfate

Well (feet) (mg/L) (mg/L) (micromhos/cm) (mg/L)
Monitor 946-1147 4,981 2,400 7,030 563
Injection 1776-1821 8,485 4,610 10,350 114
Injection 1890-1935 16,153 7,693 18,880 863
Monitor 1915-2008 19,620 13,400 25,300 1130
Injection 2650-3512 40,863 70,700 54,300 3410
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GEOLOGIC LOG

oF

INJECTION WELL 1

CITY OF PAHOKEE, FLORIDA

GERAGHTY & MILLER, INC.
Depth
Interval Thickness
(feet) (feet)
0- 9.5 9.5
9.5 - 11.0 1.5
11.0 - 18.5 7.5
18.5 - 30.0 11.5
30.0 - 40.0 10.0

Sample Description

PEAT - Peat, 75%, black; Clay, 15%,
medium gray; Shell, 10%, white to
light gray, poorly sorted.

LIMESTONE - Limestone, 55%, micritic,
very pale orange, poorly cemented;
Siltstone, 40%, calcareous, dark
yellowish brown, poorly- to moderately
well-cemented; Shell, 5%, white to
light gray, unweathered, entire shells
or fragments.

SHELL - Shell, 100%, white to light
gray, slightly weathered, bivalves and
gastropods, entire shells or
fragments; Clay, trace, light olive
gray; Limestone, trace, micritic, very
pale orange, hard.

SHELL - Shell, 80%, white to light
gray, bivalves and gastropods, mostly
fragmented; Sandstone, 20%, quartz,
calcareous, fine-grained, very 1light
gray, moderately well-cemented.

SANDSTONE - Sandstone, 60%, quartz,
calcareous, fine- to medium-grained,
very pale orange to medium light gray,
subangular to rounded, well-cemented;
Shell, 40%, white to light gray,
bivalves and gastropods, entire shells
or fragments; Limestone, trace,
micritic, very pale orange, well-
cemented.



City of Pahokee

Depth
Interval Thickness
(feet) (feet)
40.0 - 49.0 9.0
49.0 - 57.0 8.0
57.0 - 76.0 19.0
76.0 - 80.0 4.0
80.0 - 90.0 10.0

-2- Injection well 1

Sample Description

LIMESTONE - Limestone, 70%, sandy,
medium- to coarse-grained, very pale
orange to light gray, moderately- to
well-cemented; Shell, 30%, white to
very pale orange, unweathered, mostly
fragmented; Sandstone, trace, quartz,
calcareous, medium-grained, light
gray, subrounded to rounded, well-
cemented; Phosphate, trace, very fine-
grained, black.

SHELL - Shell, 50%, very pale orange,
unweathered, mostly fragments;
Sandstone, 45%, quartz, fine- to
medium-grained, light to medium gray,
angular to rounded, well-cemented;
Limestone, 5%, micritic, light to
medium gray, moderately well cemented;
Phosphate, trace, bhlack.

SHELL - Shell, 95%, white to very pale
orange, entire shell or large
fragments; Sand, 5%, quartz, fine- to
medium~-grained, angular to sub-
rounded; Phosphate, trace, black.

SHELL - Shell, 70%, white to pale
yellowish orange, entire shells or
fragments; Limestone, 20%, sparry,
very pale orange to pale yellowish
brown, moderately hard; Limestone,
10%, sandy, micritic, very pale
orange, moderately hard.

LIMESTONE - Limestone, 70%,
saccharoidal to coarse-crystalline,
very light gray to light gray,
moderately hard to soft, vuggy, trace
fossils; Shell, 30%, pale orange to
light gray, mostly fragmented;
Phosphate, trace, black.



GERAGHTY & MILLER, INC.

City of Pahokee

Depth
Interval Thickness
(feet) (feet)
90.0 - 120.0 30.0
120.0 - 130.0 10.0
130.0 - 140.0 10.0
140.0 - 178.0 38.0

-3- Injection Well 1

Sample Description

SANDSTONE - Sandstone, 50%, quartz,
calcareous, medium- to very coarse-
grained, white to very light gray,
subrounded to rounded, well-cemented;
Limestone, 45%, arenaceous, sparry,
white to very pale orange, moderately
well- to well cemented, vuggy, trace
fossils; Shell, 5%, white to very pale
orange, mostly fragmented; Phosphate,
trace, nodules, black.

LIMESTONE - Limestone, 55%,
arenaceous, sparry, white to very pale
orange, moderately hard to soft;
Sandstone, 35%, quartz, calcareous,
medium- to coarse-grained, white to
very light gray, moderately well-
cemented; Shell, 10%, white to very
pale orange, fragmented; Phosphate,
trace, nodules, black.

SANDSTONE - Sandstone, 45%, quartz,
calcareous, medium- to coarse-grained,
light olive gray, subrounded to
rounded, well-cemented, very hard,
slightly wvuggy; Limestone, 40%,
saccharoidal to coarse-crystalline,
white to very pale orange, moderately
well-cemented; Shell, 15%, white to
very pale orange, mostly fragmented;
Phosphate, trace, black.

SANDSTONE - Sandstone, 100%, quartz,
calcareous, medium-grained, light
olive gray, subangular to rounded,
moderately well- to well-cemented;
Shell, trace, white to very pale
orange, fragments; Phosphate, trace,
black.



GERAGHTY & MILLER, INC.

City of Pahokee
Depth
Interval Thickness
(feet) (feet)
178.0 - 191.0 13.0
191.0 - 330.0 139.0
330.0 - 350.0 20.0
350.0 - 387.0 37.0
387.0 - 415.0 28.0
415.0 -~ 420.0 5.0
420.0 - 449.0 29.0
449.0 - 460.0 11.0

-4~ Injection Well 1

Sample Description

CLAY - Clay, 75%, silty, grayish
olive, sticky; Sandstone, 25%, quartz,
fine- to medium-grained, grayish
olive, angular to subrounded, poorly-
to moderately well-cemented;
Phosphate, trace, black.

CLAY - Clay, 100%, silty, grayish
olive green, sticky; Phosphate, trace,
black.

CLAY - Clay, 100%, silty, grayish
olive green, sticky; Shell, trace,
white to very pale orange, fragmented;
Phosphate, trace, black.

CLAY - Clay, 100%, moderate olive
brown, sticky; Phosphate, trace,
black.

CLAY - Clay, 100%, calcareous, silty,
moderate olive brown, sticky.

CLAY - Clay, 80%, calcareous, silty,
pale olive, sticky; Limestone, 20%,
micritic, white to very pale orange,
moderately well-cemented to well-
cemented; Phosphate, trace, black.

CLAY - Clay, 75%, calcareous, silty,
pale olive to moderate olive brown,
sticky; Limestone, 25%, micritic to
coarse~grained, very pale orange to
pale olive, poorly- to moderately
well-cemented; Phosphate, trace,
black.

CLAY - Clay, 95%, silty, dusky yellow
green, sticky; Phosphate, 5%, very
fine-grained, nodular, black.



City of Pahokee
Depth
Interval Thickness
(feet) (feet)
460.0 - 480.0 20.0
480.0 - 513.0 33.0
513.0 - 525.0 12.0
525.0 - 540.0 15.0
540.0 - 550.0 10.0
550.0 - 570.0 20.0

-5- Injection Well 1

Sample Description

CLAY - Clay, 90%, calcareous, silty,
light olive gray, plastic; Limestone,
10%, silty, micritic, very pale
orange, moderately hard; Phosphate,
trace, black.

CLAY - Clay, 80%, calcareous, pale
olive, sticky, phosphatic; Limestone,
20%, phosphatic, medium- to coarse-
grained, very pale orange to yellowish
gray, poorly- to moderately well-
cemented.

CLAY - Clay, 100%, silty, calcareous,
pale olive to grayish olive, sticky,
phosphatic; Limestone, trace,
phosphatic, medium-grained, very pale
orange to yellowish gray, poorly- to
moderately well-cemented.

CLAY - Clay, 80%, calcareous, slightly
silty, light greenish gray,
phosphatic; Limestone, 20%, micritic,
white; Fossils, trace, white to very
pale orange, coral, weathered.

CLAY -~ Clay, 90%, calcareous, silty,
pale olive; Phosphate, 10%, very fine-
grained, dark yellowish orange to
dusky yellowish brown, rounded to
well-rounded; Limestone, trace,
micritic, white.

CLAY - Clay, 95%, calcareous, pale
greenish yellow, plastic; Phosphate,
5%, fine-grained, dark yellowish
orange to dusky brown; Limestone,
trace, micritic, white.



City of Pahokee
Depth
Interval Thickness
(feet) (feet)
570.0 ~ 584.0 14.0
584.0 - 670.0 86.0
670.0 - 720.0 50.0
720.0 - 750.0 30.0
750.0 - 760.0 10.0
760.0 - 780.0 20.0
780.0 - 790.0 10.0

-6~ Injection Well 1

Sample Description

CLAY - Clay, 75%, calcareous,

"yellowish gray, phosphatic, sticky;

Limestone, 25%, phosphatic, micritic,
very pale orange to yellowish gray,
poorly- to moderately well-cemented.

CLAY - Clay, 100%, calcareous,
yellowish gray to pale olive,
phosphatic, plastic; Limestone, trace,
micritic, yellowish gray.

CLAY - Clay, 95%, calcareous, silty,
yellowish gray to pale olive,
phosphatic; Limestone, 5%, micritic,
white to yellowish gray, soft to
moderately hard, slightly phosphatic.

CLAY - (Clay, 85%, calcareous, silty,
yellowish gray, phosphatic; Limestone,
15%, arenaceous, medium- to coarse-
grained, yellowish gray to pale olive,
poorly- to moderately well-cemented,
phosphatic.

CLAY - Clay, 80%, calcareous, silty,
yellowish gray to light gray, sticky;
Limestone, 20%, arenaceous, medium- to
coarse-grained, light gray, poorly- to
moderately well-cemented.

LIMESTONE - Limestone, 70%,
arenaceous, medium- to coarse-grained,
light gray, poorly- to well-cemented,
phosphate grains; Clay 30%,
calcareous, silty, white to yellowish
gray, sticky.

LIMESTONE - Limestone, 90%,
arenaceous, medium-grained, light
gray, poorly- to moderately well-
cemented, phosphate grains; Clay, 10%,
calcareous, white, sticky.



GERAGHTY & MILLER, INC.

City of Pahokee

Depth
Interval Thickness
(feet) (feet)
790.0 - 820.0 30.0
820.0 - 850.0 30.0
850.0 - 910.0 60.0
910.0 -~ 950.0 40.0
950.0 - 990.0 40.0
990.0 -1000.0 10.0
1000.0 -1070.0 70.0

-7- Injection Well 1

Sample Description

LIMESTONE - Limestone, 100%,
arenaceous, medium- to fine-grained,
partially micritic, 1light gray to
yellowish gray, poorly- to moderately
well-cemented, phosphate grains,
fossiliferous; Clay, trace,
calcareous, yellowish gray.

LIMESTONE - Limestone, 100%, medium-
to coarse-grained, partially micritic,
yellowish gray, poorly-cemented and
soft, pelitomorphic, fossiliferous;
Clay, trace, calcareous, white to
yellowish gray; Phosphate, trace,
black.

LIMESTONE - Limestone, 100%, medium-
to very coarse-grained, partially
micritic, yellowish gray to grayish
orange, poorly-cemented and soft,
pelitomorphic, foraminiferal, some
sparite.

LIMESTONE - Limestone, 100%, micritic,
very pale orange, soft, pelitomorphic,
foraminiferal, partially saccharoidal
and sparry, echinoids.

LIMESTONE - Limestone, 100%, micritic,
white to very pale orange, soft,
pelitomorphic, foraminiferal;
Limestone, trace, micritic, light
bluish gray.

LIMESTONE - Limestone, 100%, micritic,
very pale orange, pelitomorphic, very
soft, fossiliferous.

LIMESTONE -~ Limestone, 100%, coarse-
grained, partially micritic, very pale
orange, poorly- to moderately well-
cemented, pelitomorphic,
fossiliferous, calcite crystals.



City of Pahokee

Depth
Interval Thickness
(feet) (feet)
1070.0 -1120.0 50.0
1120.0 -1140.0 20.0
1140.0 -1220.0 80.0
1220.0 -1230.0 10.0
1230.0 -1240.0 10.0

-8~ Injection Well 1

Sample Description

LIMESTONE - Limestone, 100%, fine- to
coarse-grained, partially micritic,
very pale orange to yellowish gray,
poorly cemented, pelitomorphic,
foraminiferal, trace of shell, calcite
crystals, gastropods.

LIMESTONE - Limestone, 90%, coarse-
grained, partially micritic, very pale
orange to light gray, poorly- to
moderately well-cemented,
pelitomorphic, foraminiferal, trace of
shell; Limestone, 10%, fine-grained,
partially micritic, very pale orange
to yellowish gray, well-cemented, very
hard.

LIMESTONE - Limestone, 90%, coarse-
grained, partially micritic, very pale
orange to grayish orange, moderately
well-cemented, pelitomorphic,
foraminiferal, trace of shell;
Limestone, 10%, fine- to medium-
grained, partially micritic, 1light
gray to medium 1light gray, well-
cemented, hard.

LIMESTONE - Limestone, 60%, medium- to
coarse~-grained, partially micritic,
very pale orange to grayish orange,
moderately well-cemented,
pelitomorphic, foraminiferal, trace of
shell, echinoids; Limestone, 40%,
fine- to medium-grained, partially
micritic, medium gray, moderately
well-cemented.

LIMESTONE - Limestone, 90%, micritic,
very pale orange to grayish orange,
pelitomorphic, foraminiferal;
Limestone, 10%, fine-grained,
partially micritic, medium gray, hard.



sERAGHTY & MILLER, INC
City of Pahokee
Depth
Interval Thickness
(feet) (feet)
1240.0 -1260.0 20.0
1260.0 -1290.0 30.0
1290.0 -1350.0 0.0
1350.0 -1480.0 130.0
1480.0 -1510.0 30.0

-9~ Injection Well 1

Sample Description

LIMESTONE - Limestone, 80%, micritic,
white to very pale orange, chalky,
soft; Limestone, 20%, micritic, very
pale orange to grayish orange,
pelitomorphic, foraminiferal, trace of
shell.

LIMESTONE - Limestone, 80%, micritic,
very pale orange to grayish orange,
pelitomorphic, foraminiferal;
Limestone, 20%, fine-grained, medium
gray, hard; Organics, trace, grayish
black.

LIMESTONE - Limestone, 80%, micritic,
very pale orange to grayish orange,
pelitomorphic, foraminiferal;
Limestone, 10%, micritic, white to
very pale orange, chalky, soft;
Limestone, 10%, fine-grained,
partially micritic, medium gray, hard.

LIMESTONE - Limestone, 90%, medium- to
coarse-grained, partially micritic,
very pale to grayish orange, poorly-
to moderately well-cemented,
pelitomorphic, foraminiferal;
Limestone, 10%, fine-grained,
partially micritic, pale orange to
light gray, well-cemented.

LIMESTONE - Limestone, 70%, medium- to
coarse-grained, partially micritic,
very pale orange to light gray,
poorly- to moderately well-cemented,
pelitomorphic, foraminiferal, trace of
shell; Limestone, 30%, fine-grained,
partially micritic, very pale orange,
poorly cemented, chalky; Phosphate,
trace.



City of Pahokee

Depth
Interval Thickness
(feet) (feet)
1510.0 -1530.0 20.0
1530.0 -1560.0 30.0
1560.0 -1630.0 70.0
1630.0 -~ 1680.0 50.0
1680.0 -1720.0 40.0

-10- Injection Well 1

Sample Description

LIMESTONE - Limestone, 90%, medium- to
coarse-grained, partially micritic,
very pale orange to grayish orange,
poorly cemented, pelitomorphic, soft,
foraminiferal, trace of shell;
Limestone, 10%, fine-grained,
partially micritic, 1light gray,
chalky, soft.

LIMESTONE - Limestone, 80%, micritic,
very pale orange, poorly- to
moderately well-cemented,
pelitomorphic, foraminiferal;
Limestone, 20%, micritic, very pale
orange, chalky; Limestone, trace,
micritic, very pale orange, hard,
foraminiferal, vuggy.

LIMESTONE - Limestone, 50%, fine-
grained, very pale orange, poorly- to
moderately well-cemented,
foraminiferal, slightly vugay;
Dolomite, 50%, saccharoidal, dark
yellowish brown, moderately hard,
slightly vuggy, brittle.

DOLOMITE - Dolomite, 80%, fine- to
medium-crystalline, moderate yellowish
brown to grayish brown, hard, vuggy,
brittle; Limestone, 20%, fine-
crystalline, very pale orange, soft,
trace fossils.

DOLOMITE - Dolomite, 90%, very fine-
to fine-crystalline, saccharoidal,
moderate yellowish brown to dark
yellowish brown, hard, vuggy, slightly
cellular, drusy; Limestone, 10%,
sparry, very pale orange, soft to
moderately hard, pelitomorphic,
foraminiferal.



GERAGHTY & MILLER, INC.
City of Pahokee
Depth
Interval Thickness
(feet) (feet)
1720.0 -1780.0 &0.0
1780.0 -1810.0 30.0
1810.0 -1860.0 50.0
1860.0 -1870.0 10.0
1870.0 -1920.0 50.0

-11- Injection Well 1

Sample Description

LIMESTONE - Limestone, 90%, slightly
dolomitic, micritic, very pale orange,
pelitomorphic, foraminiferal;
Dolomite, 10%, very fine- to fine-
crystalline, saccharoidal, moderate
yellowish brown to moderate brown,
hard, vuggy, drusy.

DOLOMITE - Dolomite, 95%, fine-
crystalline, moderate yellowish brown
to medium gray, hard, slightly vugay,
brittle, drusy; Limestone, 5%,
dolomitic, micritic to very fine-
crystalline, very pale orange to pale
yellowish brown, hard.

DOLOMITE - Dolomite, 90%, calcitic,
fine-crystalline, dark yellowish
orange to dusky yellowish brown, hard,
slightly vuggy; Limestone, 10%,
micritic, very pale orange, soft to
moderately hard, foraminiferal,
slightly vuggy.

DOLOMITE - Dolomite, 95%, calcitic,
very fine- to fine-crystalline,
grayish orange to moderate brown,
slightly wvuggy; Limestone, 5%,
micritic, very pale orange, moderately
hard, pelitomorphic.

LIMESTONE - Limestone, 95%, very
dolomitic, micritic to fine-
crystalline, very pale orange to
grayish orange, hard, brittle;
Limestone, 5%, micritic, very pale
orange, soft to moderately hard,
pelitomorphic.



City of Pahokee

Depth
Interval Thickness
(feet) (feet)
1920.0 -1930.0 10.0
1930.0 -1960.0 30.0
1960.0 ~1980.0 20.0
1980.0 -1990.0 10.0
1990.0 -2040.0 50.0

-12- Injection Well 1

Sample Description

LIMESTONE - Limestone, 95%, dolomitic,
fine- to medium-crystalline,
saccharoidal, pale yellowish brown to
grayish orange, slightly vuggy;
Limestone, 5%, micritic, very pale
ocrange, hard.

LIMESTONE -~ Limestone, 95%, very
dolomitic, fine- to medium-
crystalline, saccharoidal, grayish
orange to pale red, slightly vuggy,
iron-rich; Limestone, 5%, micritic,
very pale orange, hard; Phosphate,
trace.

LIMESTONE - Limestone, 70%, dolomitic,
fine- to medium-crystalline,
saccharoidal, pale yellowish brown to
grayish orange, vuggy; Limestone, 30%,
micritic, very pale orange, moderately
soft to moderately hard; Phosphate,
trace.

LIMESTONE - Limestone, 95%, dolomitic,
fine- to medium-crystalline,
saccharoidal, moderate yellowish brown
to grayish orange, moderately soft to
moderately hard, pelitomorphic,
slightly vugoy; Limestone, 5%,
micritic, very pale orange to
moderately grayish orange, moderately
soft.

LIMESTONE - Limestone, 80%, very
dolomitic, fine- to medium-
crystalline, moderate yellowish brown
to dark yellowish brown, hard,
brittle; Limestone, 10%, dolomitic,
micritic to fine-crystalline, very
pale orange, moderately hard;
Limestone, 10%, dolomitic, micritic,
dark yellowish brown, hard, slightly
vuggy, brittle.



GERAGHTY & MILLER, INC.

City of Pahokee
Depth
Interval Thickness
(feet) (feet)
2040.0 -2050.0 10.0
2050.0 -2090.0 40.0
2090.0 -2110.0 20.0
2110.0 -2130.0 20.0
2130.0 -2150.0 20.0
2150.0 -2240.0 90.0

-13- Injection Well 1

Sample Description

LIMESTONE - Limestone, 80%, dolomitic,
micritic to fine-crystalline, very
pale orange, moderately soft, slightly
vuggy, brittle; Dolomite 20%, fine- to
medium-crystalline, moderate yellowish
brown, hard.

LIMESTONE - Limestone, 70%, medium-
crystalline, pale yellowish orange,
soft, pelitomorphic; Limestone, 30%,
dolomitic, very fine-crystalline, very
pale orange, moderately soft to
moderately hard.

DOLOMITE - Dolomite, 95%, medium- to
coarse-crystalline, saccharoidal,
moderate yellowish brown, soft to
moderately hard, vuggy; Dolomite, 5%,
very fine- to fine-crystalline, dark
yellowish orange, moderately hard.

LIMESTONE - Limestone, 100%, medium-
to coarse-crystalline, very pale
orange, moderately soft to moderately
hard, pelitomorphic, fossiliferous,
sparry.

DOLOMITE - Dolomite, 80%, medium- to
coarse-crystalline, moderate yellowish
brown, soft to moderately hard, vuggy;
Limestone, 20%, medium- to coarse-
crystalline, very pale orange,
moderately soft to moderately hard,
pelitomorphic, fossiliferous.

DOLOMITE - Dolomite, 80%, medium- to
coarse-crystalline, saccharoidal,
grayish orange to moderate yellowish
brown, moderately soft to moderately
hard, vuggy; Limestone, 20%,
pelitomorphic, very pale orange, soft.



GERAGHTY & MILLER, INC.

City of Pahokee

Depth
Interval Thickness
(feet) (feet)
2240.0 -2270.0 30.0
2270.0 -2280.0 10.0
2280.0 -2290.0 10.0
2290.0 -2300.0 10.0
2300.0 -2340.0 40.0
2340.0 -2357.0 17.0

-14- Injection Well 1

Sample Description

DOLOMITE - Dolomite, 95%, medium- to
coarse-crystalline, saccharoidal,
grayish orange to moderate yellowish
brown, moderately soft to moderately
hard, vuggy; Limestone, 5%,
pelitomorphic, white to very pale
orange, soft.

DOLOMITE - Dolomite, 95%, medium-
grained, moderate to dark yellowish
brown, hard; Limestone, 5%,
pelitomorphic, white to very pale
orange, soft.

DOLOMITE - Dolomite, 90%, medium- to
coarse-crystalline, saccharoidal,
light brown to moderate reddish brown,
moderately soft to moderately hard,
sparry; Limestone, 10%, pelitomorphic,
white, soft.

DOLOMITE - Dolomite, 100%, medium- to
coarse-crystalline, very pale orange
to light brown, moderately hard,
brittle; Limestone, trace,
pelitomorphic, very pale orange, soft.

DOLOMITE -~ Dolomite, 100%, coarse-
crystalline, very pale orange,
moderately hard, slightly vuggy;
Limestone, trace, white to very pale
orange, soft.

DOLOMITE - Dolomite, 100%, medium- to
coarse~-crystalline, very pale orange
to light brown, vuggy, sparry;
Limestone, trace, white to very pale
orange, soft.



GERAGHTY & MILLER, INC.

City of Pahokee -15- Injection Well 1
Depth
Interval Thickness
(feet) (feet) Sample Description
2357.0 -2359.0 2.0 LIMESTONE - Limestone, 70%, micritic,

very pale orange, poorly- to
moderately well-cemented, slightly
vugagy; Dolomite, 30%, medium- to very-
coarse-crystalline, saccharoidal,
grayish orange to moderate yellowish
brown, moderately soft to moderately
hard, vuggy.

2359.0 -2368.0 9.0 LIMESTONE - Limestone, 100%,
pelitomorphic, white to very pale
orange, very well-cemented,
fossiliferous.

2368.0 -2403.0 35.0 LIMESTONE - Limestone, 100%,
pelitomorphic, white to very pale
orange, moderately soft, wvuggy,
fossiliferous.

2403.0 -2420.0 17.0 LIMESTONE - Limestone, 100%,
pelitomorphic, very pale orange to
grayish pink, poorly- to moderately
well-cemented, fossiliferous.

2420.0 -2430.0 10.0 LIMESTONE - Limestone, 75%,
pelitomorphic, white to very pale
orange, poorly cemented, vuggy;
Dolomite, 25%, medium-crystalline,
saccharoidal, moderate yellowish
brown, moderately soft.

2430.0 -2460.0 30.0 LIMESTONE - Limestone, 60%,
pelitomorphic, white to very pale
orange, poorly cemented, vuggy;
Dolomite, 40%, medium-crystalline,
saccharoidal, moderate yellowish
brown, moderately soft.

2460.0 -2500.0 40.0 LIMESTONE - Limestone, 85%, micritic,
very pale orange, moderately soft,
pelitomorphic, vuggy; Dolomite, 15%,
medium-crystalline, saccharoidal,
grayish orange to yellowish brown,
moderately soft to moderately hard.



GERAGHTY & MILLER, INC.

City of Pahokee
Depth
Interval Thickness
(feet) (feet)
2500.0 -2510.0 10.0
2510.0 -2525.0 15.0
2525.0 -2530.0 5.0
2530.0 -2540.0 10.0
2540.0 -2560.0 20.0
2560.0 -2570.0 10.0

-16- Injection Well 1

Sample Description

DOLOMITE - Dolomite, 100%, medium-
crystalline, very pale orange to light
brown, moderately hard.

DOLOMITE - Dolomite, 70%, medium-
crystalline, very pale orange to light
brown, moderately hard; Limestone,
30%, pelitomorphic, white to very pale
orange, moderately soft.

LIMESTONE - Limestone, 70%,
pelitomorphic, white to very pale
orange, moderately soft, chalky;
Dolomite, 30%, medium-crystalline,
light brown, moderately hard.

DOLOMITE - Dolomite, 60%, calcitic,
fine-crystalline, saccharoidal, pale
yellowish orange to dark yellowish
orange, slightly wvuggy; Limestone,
40%, micritic, white to very pale
orange, soft, partially pelitomorphic;
Shell, trace, very pale orange.

LIMESTONE - Limestone, 75%, micritic,
white to very pale orange, soft to
moderately hard, partially
pelitomorphic, foraminiferal;
Dolomite, 25%, calcitic, fine-
crystalline, saccharoidal, pale
yellowish orange, vuqgy.

LIMESTONE - Limestone, 75%, dolomite,
pelitomorphic, white to very pale
orange, soft to moderately hard,
phosphate grains; Clay, 20%, calcitic,
white to very pale orange, very soft;
Dolomite, 5%, calcitic, saccharoidal,
moderate yellowish brown, hard.



GERAGHTY & MILLER, INC.

City of Pahokee

Depth
Interval Thickness
(feet) (feet)
2570.0 -2580.0 10.0
2580.0 -2610.0 30.0
2610.0 -2620.0 10.0
2620.0 -2650.0 30.0
2650.0 -2680.0 30.0

-17- Injection Well 1

Sample Description

LIMESTONE - Limestone, 90%, dolomitic,
fine- to coarse-crystalline,
saccharoidal, white to grayish orange,
soft to moderately hard, partially
pelitomorphic, slightly vuggy, some
phosphate grains; Dolomite, 10%,
calcitic, very-fine crystalline,
saccharoidal, medium yellowish brown,
hard, some phosphate grains.

LIMESTONE - Limestone, 90%, slightly
dolomitic, fine-crystalline,
saccharoidal, grayish orange,
moderately hard, partially
pelitomorphic; Limestone, 10%,
dolomitic, cryptocrystalline to very
fine-crystalline, bluish white to
medium bluish gray, hard, small black
veins.

LIMESTONE - Limestone, 60%, slightly
dolomitic, saccharoidal, very pale
orange to moderate yellowish brown,
moderately soft, pelitomorphic;
Dolomite, 40%, cryptocrystalline to
fine-crystalline, dark yellowish
brown, hard.

LIMESTONE - Limestone, 100%,
microcrystalline to saccharoidal, very
pale orange to dark yellowish brown,
partially pelitomorphic, moderately
soft, brittle.

LIMESTONE - Limestone, 40%, micritic,
white to very pale orange, soft to
moderately hard; Limestone, 30%,
dolomitic, micritic, white to very
pale orange, brittle, some fine-size
dolomite crystals; Limestone, 30%,
dolomitic, very finme-crystalline, pale
yellowish brown to very light gray,
moderately hard, brittle.



GERAGHTY & MILLER, INC.

City of Pahokee
Depth
Interval Thickness
(feet) (feet)
2680.0-2700.0 20.0
2700.0 -2710.0 10.0
2710.0 - 2730.0 20.0
2730.0 ~-2740.0 10.0
2740.0 -2780.0 40.0
2780.0 -2810.0 30.0
2810.0 -2820.0 10.0

-18- Injection Well 1

Sample Description

LIMESTONE -~ Limestone, 60%, dolomitic,
micritic, pale yellowish brown to
medium gray, hard; Limestone, 40%,
micritic, white to very pale orange,
soft to moderately hard, slightly

vuggy.

LIMESTONE - Limestone, 100%,
dolomitic, very fine- to fine-
crystalline, pale yellowish brown to
medium dark gray, moderately hard,
brittle.

LIMESTONE - Limestone, 60%,
pelitomorphic, partially saccharoidal,
very pale orange to grayish orange,
soft to moderately hard; Limestone,
40%, micritic, partially saccharoidal,
medium gray to black, moderately hard
to very hard.

CAVERN - No Sample.

LIMESTONE - Limestone, 80%,
pelitomorphic, partially micritic,
very pale orange, soft to moderately
hard; Dolomite, 20%, fine-crystalline,
moderate yellowish brown, hard,
brittle.

DOLOMITE - Dolomite, 70%,
saccharoidal, moderate yellowish
brown, hard, brittle; Limestone, 30%,
pelitomorphic, very pale orange, soft
to moderately hard.

DOLOMITE - Dolomite, 90%, fine-
crystalline, saccharoidal, medium
yellowish brown to medium gray, hard,
brittle; Limestone, 10%,
pelitomorphic, very pale orange, soft
to moderately hard.



GERAGHTY & MILLER, INC.

City

of Pahokee -19- Injection Well 1

Depth
Interval Thickness
(feet) (feet) Sample Description

2820.

2830.

2840.

2850.

2860.

2880.

0 -2830.0 10.0 DOLOMITE - Dolomite, 100%, very fine-
crystalline, saccharoidal, pale
yellowish brown to dark reddish brown,
moderately hard, brittle; Limestone,
trace, pelitomorphic, very pale
orange, soft to moderately hard.

0 -2840.0 10.0 DOLOMITE - Dolomite, 95%, fine- to
medium-crystalline, saccharoidal,
grayish red to dark reddish brown,
moderately hard; Limestone, 5%,
pelitomorphic, white to very pale
orange, soft to moderately hard.

0 -2850.0 10.0 DOLOMITE - Dolomite, 95%, medium- to
coarse-crystalline, saccharoidal,
grayish orange to pale yellowish
brown, moderately hard, vuggy;
Limestone, 5%, pelitomorphic, very
pale orange, soft to moderately hard.

0 -2860.0 10.0 DOLOMITE - Dolomite, 100%, medium- to
coarse-crystalline, yellowish brown to
dusky yellowish brown, moderately hard
to very hard, vuggy.

0 -2880.0 20.0 DOLOMITE - Dolomite, 95%, fine~ to
medium-crystalline, saccharocidal,
grayish orange to moderate yellowish
brown, moderately hard to very hard,
vuggy; Limestone, 5%, micritic, white
to very pale orange, soft to
moderately hard, foraminiferal.

0 -2%00.0 20.0 DOLOMITE - Dolomite, 90%, fine- to
medium-crystalline, saccharoidal,
moderate yellowish brown to dusky
yellowish brown, moderately hard to
very hard, vuggy; Limestone, 10%,
micritic, white to very pale orange,
soft to moderately hard,
foraminiferal.



GERAGHTY &

City

MILLER, INC.

of Pahokee -20- Injection Well 1

Depth
Interval Thickness
(feet) (feet) Sample Description

2900.

2920.

2930.

2940.

2960.

2970.

0 -2920.0 20.0 DOLOMITE - Dolomite, 100%, fine- to
medium-crystalline, saccharoidal,
moderate yellowish brown to dusky
yellowish brown, hard to very hard,
Limestone, trace, micritic, white to
xeré pale orange, soft to moderately

ard.

0 -2930.0 10.0 DOLOMITE - Dolomite, 100%, fine- to
medium-crystalline, saccharoidal, pale
yellowish orange to dark yellowish
brown, moderately hard, vuggy;
Limestone, trace, micritic, white to
very pale orange, soft.

0 -2940.0 10.0 DOLOMITE - Dolomite, 100%, medium- to
coarse-crystalline, pale to dark
yellowish brown, moderately hard;
Limestone, trace, pelitomorphic, very
pale orange, soft.

0 -2960.0 20.0 DOLOMITE - Dolomite, 100%, medium- to
coarse-crystalline, saccharoidal,
moderate yellowish brown to dark
yellowish brown, moderately hard,
brittle, vuggy; Limestone, trace,
pelitomorphic, very pale orange, soft.

0 -2970.0 10.0 DOLOMITE - Dolomite, 100%, medium- to
coarse~-crystalline, saccharoidal,
moderate yellowish brown to dark
yellowish brown, partially micritic,
moderately hard, brittle, vuggy;
Limestone, trace, pelitomorphic, soft.

0 -2980.0 10.0 DOLOMITE - Dolomite, 100%, fine- to
medium-crystalline, saccharoidal,
moderate yellowish brown to dusky
brown, partially micritic, moderately
hard, brittle.



GERAGHTY & MILLER, INC.

City of Pahokee -21- Injection Well 1
Depth
Interval Thickness
(feet) (feet) Sample Description
2980.0 -3010.0 30.0 DOLOMITE - Dolomite, 100%,

microcrystalline, yellowish brown to
brownish black, moderately hard,
brittle.

3010.0 -3050.0 40.0 DOLOMITE - Dolomite, 100%,
microcrystalline, calcitic, light
olive gray to olive gray, vuggy, hard,
brittle; Limestone, trace, white,
soft.

3050.0 -3070.0 20.0 DOLOMITE - Dolomite, 100%,
microcrystalline, moderate yellowish
brown to grayish black, hard, brittle;
Limestone, trace, pelitomorphic,
white, soft.

3070.0 -3080.0 10.0 DOLOMITE - Dolomite, 100%,
microcrystalline, yellowish brown to
grayish black, hard, brittle;
Limestone, trace, pelitomorphic, very
pale orange, soft.

3080.0 -3100.0 20.0 DOLOMITE - Dolomite, 100%,
microcrystalline, moderate yellowish
brown to grayish black, hard, brittle;
Limestone, trace, pelitomorphic, very
pale orange, moderately soft.

3100.0 -3110.0 10.0 DOLOMITE - Dolomite, 100%,
microcrystalline, dark yellowish brown
to grayish black, hard, brittle.

3110.0 -3140.0 30.0 DOLOMITE - Dolomite, 100%,
microcrystalline, dark yellowish brown
to dusky yellowish brown, hard,
brittle.

3140.0 -3160.0 20.0 DOLOMITE - Dolomite, 100%, slightly
calcitic, microcrystalline, pale
yellowish orange to dusky brown,
moderately hard, brittle.



GERAGHTY & MILLER, INC.

City

of Pahokee -22- Injection Well 1

Depth
Interval Thickness
(feet) (feet) Sample Description

3160.

3170.

3180.

3190.

3240.

3260.

0 -3170.0 10.0 DOLOMITE -~ Dolomite, 100%, slightly
calcitic, microcrystalline, pale
yellowish orange to dusky brown,
moderately hard, brittle.

0 - 3180.0 10.0 DOLOMITE - Dolomite, 100%, slightly
calcitic, microcrystalline, moderatelK
yellowish brown to dusky yellowis
brown with traces of dark reddish
brown, moderately hard, brittle.

0 -3190.0 10.0 DOLOMITE - Dolomite, 60%, calcitic,
cryptocrystalline to saccharoidal,
medium light gray, brittle to firm;
Dolomite, 40%, calcitic,
cryptocrystalline to saccharoidal,
dark yellowish brown, brittle to firm.

0 -3240.0 50.0 DOLOMITE - Dolomite, 70%,
microcrystalline to fine-crystalline,
grayish orange to moderate yellowish
brown, moderately hard, brittle;
Dolomite, 30%, slightly calcitic,
microcrystalline to saccharoidal, very
pale orange to light gray; Limestone,
trace, dolomitic, saccharoidal, white
to very pale orange, pelitomorphic.

0 -3260.0 20.0 DOLOMITE - Dolomite, 95%, calcitic,
microcrystalline, grayish orange to
light brown, pelitomorphic; Limestone,
5%, dolomitic, saccharoidal, white to
very pale orange, moderately soft.

0 -3290.0 30.0 DOLOMITE - Dolomite, 100%, calcitic,
saccharoidal, moderate yellowish brown
to dark yellowish brown, moderately
hard, brittle; Limestone, trace,
dolomitic, microcrystalline to
saccharoidal, very pale orange,
moderately soft.



GERAGHTY & MILLER, INC.

City of Pahokee

Depth
Interval Thickness
(feet) (feet)
3290.0 -3330.0 40.0
3330.0 -3400.0 70.0
2400.0 -3450.0 50.0
3450.0 -3510.0 60.0+
TOTAL DEPTH: 3510.0

-23- Injection Well 1

Sample Description

DOLOMITE - Dolomite, 85%,
microcrystalline to saccharoidal, dark
yellowish brown to dusky yellowish
brown, hard; Dolomite, 15%, slightly
calcitic, very fine-crystalline to
saccharoidal, moderate yellowish brown
to dark yellowish brown, brittle.

DOLOMITE - Dolomite, 100%, calcitic,
very fine-crystalline to saccharoidal,
very pale orange to moderate yellowish
brown, brittle, partially
pelitomorphic, very vuggy; Dolomite,
trace, calcitic, saccharoidal, grayish
orange to dark reddish brown, hard.

DOLOMITE - Dolomite, 100%, calcitic,
very fine-crystalline, partially
saccharoidal, grayish orange to
moderate yellowish brown, brittle,

vuggy.

DOLOMITE - Dolomite, 95%, gypsiferous,
saccharoidal, yellowish gray to
grayish orange, moderately soft to
moderately hard, brittle, vuggy,
slightly calcitic; Gypsum, 5%,
microcrystalline to coarse-
crystalline, colorless to white,
partially vitreous; Organics, trace,
black.



GERAGHTY & MILLER, INC.

DEEP MONITOR WELL



GERAGHTY & MILLER, INC.

Depth

Interval Thickness
(feet) (feet)
0- 13 13

13 - 40 27

40 - 70 30

70 - 80 10

80 - 90 10

90 - 100 10

GEOLOGIC LOG

oF

DEEP MONITOR WELL
CITY OF PAHOKEE, FLORIDA

Sample Description

PEAT - Peat, 75%, black; Clay, 15%,
plastic, light gray; Shell, 10%, white
to light gray, poorly sorted.

SHELL - Shell, 80%, light gray to
brown, unweathered, entire shells or
fragments; Limestone, 20%, micritic,
white to light gray.

SHELL - Shell, 90%, white to light
gray, entire shells or fragments;
Limestone, 5%, medium- to coarse-
grained, white to light gray;
Sandstone, 5%, quartz, white to light
gray, medium- to coarse-grained,
angular to sub-angular.

SHELL - Shell, 85%, white to light
gray, entire shells or fragments;
Sandstone, 15%, quartz, gray to light
gray, quartz, fine- to medium-grained,
sub-angular.

SANDSTONE - Sandstone, 60%, quartz,
fine- to medium-grained, gray to light
gray, sub-angular; Shell, 30%, white
to light gray, mostly fragments, some
entire shells; Limestone, 10%,
saccharoidal, fine- to medium-grained,
light gray to white.

SANDSTONE - Sandstone, 80%, quartz,
fine- to medium-grained, gray to light
gray, sub-angular; Shell, 20%, white
to gray, entire shells or fragments.
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Pahokee
Depth
Interval Thickness
(feet) (feet)
100 - 130 30
130 - 150 20
150 - 160 10
160 - 180 20
180 - 190 10
190 - 334 144

-2- Deep Monitor Well

Sample Description

SANDSTONE - Sandstone, 60%, quartz,
fine- to medium-grained, gray to light
gray, sub-angular; Shell, 30%, white
to gray, entire shells or fragments;
Limestone, 10%, fine-grained, white to
light gray.

SANDSTONE - Sandstone, 80%, quartz,
fine- to medium-grained, light gray,
sub-angular to sub-rounded, well
cemented; Shell, 15%, gray to light
brown, mostly small- or medium-sized
fragments; Limestone, 5%, saccha-
roidal, fine- to medium-grained, light
gray.

SANDSTONE - Sandstone, 80%, quartz,
fine- to medium-grained, light gray,
sub-angular to sub-rounded, well-
cemented; Shell, 20%, white to light
brown, some entire shells, mostly
fragments.

SANDSTONE -~ Sandstone, 95%, quartz,
fine- to medium-grainmed, lignt gray,
sub-angular to sub-rounded, well
cemented; Shell, 5%, white to light
gray, entire shells or fragments.

SANDSTONE - Sandstone, 90%, quartz,
fine- to coarse-grained, light gray to
gray, sub-angular to sub-rounded;
Shell, 5%, white to light gray, entire
shells or fragments; Clay, 5%, silty,
grayish olive green, plastic;
Phosphate, trace, black.

CLAY - Clay, 100%, silty, grayish
olive green to dusky green, plastic;
Phosphate, trace, black.
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Pahokee

Depth

Interval Thickness

(feet) (feet)
334 - 350 16
350 - 415 65
415 ~ 430 15
430 - 450 20
450 - 480 20
480 - 510 30
510 - 550 40
550 - 610 &0
610 - 650 40

-3~ Deep Monitor Well

Sample Description

CLAY - Clay, 100%, silty, grayish
olive green to dusky green; Shell,
trace, white, small fragments;
Phosphate, trace, black.

CLAY - Clay, 100%, silty, grayish
olive green; Phosphate, trace, black.

CLAY - Clay, 80%, calcareous, silty,
pale olive, sticky; Limestone, 20%,
white to light gray, moderately well-
cemented to well cemented; Phosphate,
trace, black.

CLAY - Clay, 60%, calcareous, silty,
light gray, sticky; Limestone, 40%,
micritic, white to 1light gray,
moderately well-cemented to well
cemented; Phosphate, trace, black.

CLAY - Clay, 100%, calcareous, silty,
dusky yellow green, sticky; Phosphate,
trace, light olive gray.

CLAY - Clay, 95%, calcareous, silty,
light olive gray, phosphatic, sticky;
Limestone, 5%, micritic, very pale
orange, moderately hard.

CLAY - Clay, 100%, calcareocus, silty,
grayish yellow green, sticky;
Phosphate, trace, black; Limestone,
trace, white to very pale orange.

CLAY -Clay, 95%, calcareous, yellowish
gray to grayish yellow green, sticky;
Limestone, 5%, micritic, very pale
orange to white, moderately hard;
Phosphate, trace, black.

CLAY - Clay, 95%, calcareous, silty,
pale olive, sticky; Phosphate, 5%,
fine-grained, black; Limestone, trace,
micritic, white, hard.
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Pahokee

Depth

Interval Thickness

(feet) (feet)
650 - 680 30
680 - 720 40
720 - 730 10
730 - 760 30
760~ 790 30
790 - 820 30
820 - 3900 80

~lj- Deep Monitor Well

Sample Description

CLAY - Clay, 95%, calcareous, silty,
pale olive, sticky; Phosphate, 5%,
fine-grained, black; Limestone, trace,
micritic, white, hard.

CLAY - Clay, 95%, calcareous, slightly
phosphatic, pale olive, plastic;
Limestone, 5%, micritic, very pale
orange to white, moderately hard,
fossiliferous.

CLAY - Clay, 90%, calcareous, slignhtly
phosphatic, pale olive; Limestone,
10%, micritic, silty, phosphatic,
white to very pale orange.

CLAY - Clay, 80%, calcareous, silty,
yellowish gray to light gray;
Limestone, 20%, arenaceous, micritic
light gray, poorly- to moderately
well-cemented, phosphatic.

LIMESTONE - Limestone, 90%,
arenaceous, micritic, partially
saccharoidal, 1light gray, poorly- to
well-cemented; Clay, 10%, calcareous,
light gray.

LIMESTONE - Limestone, 100%,
arenaceous, micritic, partially
saccharoidal, light gray to yellowish
gray, poorly- to well-cemented.

LIMESTONE - Limestone, 100%,
saccharoidal, very pale orange, soft
to moderately hard, pelitomorphic;
Limestone, trace, micritic, medium
light to dark gray, hard fossil-
iferous, foraminiferal, trace of
shell; Phosphate, trace, moderate
brown.
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Pahokee

Depth

Interval Thickness

(feet) (feet)
900 - 950 50
950 - 1060 110
1060 - 1100 40
1100 - 1130 30
1130 - 1150 20
1150 - 1190 40

-5~ Deep Monitor Well

Sample Description

LIMESTONE - Limestone, 100%, micritic,
very pale orange to grayish orange,
pelitomorphic, soft to moderately
hard, foraminiferal, trace of shell.

LIMESTONE - Limestone, 100%, micritic,
very pale orange to grayish orange,
partially pelitomorphic, soft to
moderately hard, foraminiferal, trace
of shell.

LIMESTONE - Limestone, 60%, medium-
grained, partially micritic, light
gray, moderately well-cemented,
clayey; Limestone, 30%, coarse-
grained, partially micritic, yellowish
gray, well-cemented; Limestone, 10%,
micritic, light gray, soft.

LIMESTONE - Limestone, 100%, fine- to
coarse-grained, partially micritic,
yellowish gray, poorly- to well-
cemented, soft to moderately nhard,
pelitomorphic, foraminiferal, trace of
shells.

LIMESTONE - Limestone 80%, medium-
grained, partially micritic, very pale
orange, moderately well-cemented,
foraminiferal, trace of shells,
clayey; Limestone, 20%, coarse-
grained, partially micritic, light
gray, well-cemented.

LIMESTONE - Limestone, 80%, medium-
grained, partially micritic, very pale
orange, moderately well-cemented,
foraminiferal, trace of shell, clayey;
Limestone, 15%, fine-grained,
partially micritic, pale orange, soft;
Limestone, 5%, coarse-grained, light
gray, well-cemented.
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Pahokee

Depth

Interval Thickness

(feet) (feet)

1190 - 1260 70
1260 - 1280 20
1280 - 1310 30
1310 - 1370 60
1370 - 1400 30
1400 - 1470 70

-G Deep Monitor Well

Sample Description

LIMESTONE - Limestone, 90%, fine- to
medium-grained, mainly micritic, very
pale orange to light gray, soft,
poorly cemented, pelitomorphic,
foraminiferal, trace of shell;
Limestone, 10%, coarse-grained,
micritic, light gray, well cemented,
moderately hard.

LIMESTONE - Limestone, 80%, medium-
grained, partially micritic, very pale
orange, moderately well-cemented,
trace of shell, clayey; Limestone,
20%, coarse-grained, light gray, well-
cemented.

LIMESTONE - Limestone, 100%, fine- to
medium-grained, partially micritic,
grayish orange, poorly- to moderately
well-cemented, pelitomorphic,
foraminiferal, clayey.

LIMESTONE - Limestone, 100%, fine- to
medium-grained, partially micritic,
very pale orange, moderately well-
cemented, moderately hard to soft,
pelitomorphic, foraminiferal.

LIMESTONE -~ Limestone, 100%, fine- to
medium-grained, partially micritic,
light gray, moderately well-cemented,
clayey.

LIMESTONE - Limestone, 60%, fine- to
medium-grained, partially micritic,
very pale orange, poorly- to well-
cemented, pelitomorphic,
foraminiferal; Limestone, 40%, coarse-
grained, partially micritic, light
gray, well cemented.
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Pahokee

Depth

Interval Thickness

(feet) (feet)

1470 - 1510 40
1510 ~ 1550 40
1550 -~ 1560 10
1560 -~ 1590 30
1590 - 1610 20

-7- Deep Monitor Well

Sample Description

LIMESTONE - Limestone, 90%, medium- to
coarse-grained, partially micritic,
light gray to very pale orange,
poorly- to moderately well-cemented,
pelitomorphic, foraminiferal, trace of
shell; Limestone, 10%, fine-grained,
partially micritic, very pale orange,
poorly cemented.

LIMESTONE - Limestone, 80%, medium-
grained, partially micritic, light
gray to very pale orange, poorly- to
moderately well-cemented, pelito-
morphic, foraminiferal, trace of
shell, clayey; Limestone, 10%, coarse-
grained, partially micritic, light
gray, well cemented; Limestone, 10%,
fine-grained, partially micritic,
light gray, soft.

LIMESTONE - Limestone, 70%, medium- to
coarse-grained, partially micritic,
light gray to very pale orange,
moderately- to well-cemented, pelito-
morphic, foraminiferal, hard;
Dolomite, 30%, fine- to medium-
crystalline, saccharoidal, yellowish
brown, hard, vuggy, brittle.

DOLOMITE - Dolomite, 95%, fine- to
medium-crystalline, yellowish brown,
hard, vuggy, brittle; Limestone, 5%,
medium- to coarse-grained, partially
micritic, light gray to very pale
orange, moderately- to well-cemented,
hard.

DOLOMITE - Dolomite, 70%, fine-
crystalline, saccharoidal, yellowish
brown to dark yellowish brown, hard,
vuggy, brittle; Limestone, 30%,
micritic, very pale orange, poorly- to
moderately well-cemented, pelito-
morphic.
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Pahokee -8~ Deep Monitor Well
Depth
Interval Thickness
(feet) (feet) Sample Description
1610 - 1670 60 LIMESTONE - Limestone, 90%, micritic,

very pale orange, moderately well-
cemented, pelitomorphic, fora-
miniferal, brittle; Dolomite, 10%,
fine-crystalline, saccharodial,
yellowish brown to dark yellowish
brown, hard, vuggy.

1760 90 : LIMESTONE - Limestone, 100%, micritic,
very pale orange, moderately well-
cemented, pelitomorphic, fora-
miniferal, brittle.

1670

i

1800 40 LIMESTONE - Limestone, 80%, micritic,
very pale orange, poorly- to
moderately well-cemented, pelito-
morphic; Dolomite, 20%, fine- to
medium-crystalline, saccharodial,
yellowish brown to moderate Dbrown,
hard.

1760

1830 30 DOLOMITE - Dolomite, 60%, partially
calcitic, fine- to medium-crystalline,
saccharodial, yellowish bprown to
moderate brown, hard, vuggy;
Limestone, 40%, micritic, very pale
orange, soft to moderately hard,
pelitomorphic.

1800

1840 10 DOLOMITE - Dolomite, 80%, calcitic,
very fine-crystalline, saccharodial,
yellowish brown to moderate brown,
brittle to very hard; Limestone, 20%,
micritic, very pale orange, soft to
hard, pelitomorphic, trace fossils.

1830

1870 30 DOLOMITE - Dolomite, 70%, calcitic,
very fine-crystalline, saccharoidal,
grayish orange to moderate yellowish
brown, moderately hard, brittle;
Limestone, 30%, micritic, very pale
orange, soft to moderately hard,
pelitomorphic, fossiliferous.

1840
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Pahokee
Depth
Interval Thickness
(feet) (feet)
1870 - 1920 50
1920 - 1940 40
1960 - 2008 48+

TOTAL DEPTH: 2008

-9- Deep Monitor Well

Sample Description

LIMESTONE - Limestone, 80%, dolomitic
to very dolomitic, fine-crystalline,
saccharodial, grayish orange to dusky
yellowish brown, hard, brittle;
Limestone, 20%, micritic, very pale
orange, soft to moderately hard,
pelitomorphic, foraminiferous.

LIMESTONE - Limestone, 80%, dolomitic
to very dolomitic, fine-crystalline,
saccharodial, grayish orange to
moderate yellowisnh brown, brittle;
Limestone, 20%, micritic, very pale
orange, soft to moderately hard.

LIMESTONE - Limestone, 70%, dolomitic,
saccharodial, grayish orange, to
moderate yellowish brown to grayish
orange, moderately hard; Limestone,
20%, very dolomitic, saccharodial,
moderate yellowish brown to moderate
brown, hard; Limestone, 10%, micritic,
very pale orange, soft to moderately
hard.
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APPENDIX B

Results of Core Tests and Photographs of the Core



®
-
.-
gs!
)
Z.

9

CITY OF PAHOKEE
INJECTION WELL 1
CORE TEST DATA

ULTIMATE
HORIZONTAL VERTICAL ~ COMPRESSIVE ~ MODULUS OF
PERMEABILITY  PERMEABILITY  STRENGTH ELASTICITY SPECIFIC
CORE NO. (cm/sec) (cm/sec) (PSI) (PSI) GRAVITY  POROSITY
2747 5.54 x 10-4  2.42 x 10-5 4210 556,899 2.62 17.4
2637 4.75 x 10-5  1.57 x 10-5 1971 399,185 2.63 35.6
2648 6.20 x 10-5  6.16 x 10-6 1920 323,238 2.64 31.1
2644 1.51 x 10-5  2.17 x 10-6 2374 356,397 2.64 33.3
2603 1.75 x 10-4  1.51 x 10-6 1156 218,849 2.66 15.4
2597 6.75 x 10->  7.56 x 10-7 1685 220,002 2.64 28.9
2366 2.42 x 10->  1.45 x 10-> 1710 369,253 2.67 29.3
2414 7.94 x 10-6  3.18 x 10-5 2055 76,035 2.73 33.1
2592 1.19 x 10->  4.59 x 10-5 4009 538,970 2.64 25.0
2412 2.16 x 10->  1.28 x 10-5 945 134,417 2.67 26.2
2367 3.31 x 10->  3.76 x 10~ 1015 157,277 2.63 30.2
2411 5.12 x 10->  1.03 x 10-4 1744 282,281 2.73 30.3
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APPENDIX C

Gyroscopic Survey Results



YOUNGOUIST  BROTHERS
PAMDKEE, WELL IW
PAHDKEE WELES3

RiB: YOUNSQUEST 1

JOE NUMBER: &-007R-89
JOB NUMBER: 6-0234-89
DECLINATIIN:

FILE: Hard DisksMSI FILES 89 TX:YOUSPAH. IwWa!

§7/0%/89
py/15/8%

Houstoa Directiosal

MULTI-SHOT,

Lafayette,

INC.
P.0. Box 31450
tA. 705%3
(318) B37-28%4

V. BATHN
V. HAYRH
2 DEGREES N HMIMTES WEST (TRUE)

Sottware Company - Serwey Versioa 1.88



YOUNGGUIST BROTHERS

PAHOXEE, WELL IW #1

PAHOKEE WELL#3

RDIUS OF CURYATURE CALLULATIONS
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YOUNGOUIST BROTHERS
PAHOKEE, WELL IW #1
PAHOKEE MWELLM#3

MDIUS OF CURMTIRE CALCULATIONS
Friday, September 15, 1989 Page 3

MEASURED BORE-HODLE DOURSE VERTICAL RECTANGULAR CLDSURES DDELES
DEPTH INCLINATION  DIRECTION LENSTH DEPTH COORDINATES DISTANCE - DIRECTIIN SEVERITY
Feet Deg Min Deg Min Fept Feet Feet Feet Feet Deg Min Deg/100ft.
1470.00 813 N8 OW 30.00 1470.00 1.9¢ N 1.5 M 2.4¢ N3 4 W 8.50
1508.08 g 15 N32Z 6V 30.08 1500.20 201 N 1.62 W 2.58 N3 SZW 178
1520.00 81 N32Z ¢u 30.04 1529.99 2.12 N 1.47 W 2.1 N3IBRW %.00
1968.08 § 15 N4 G W 30.08 1559.99 2.2 N 1.77 W 2.54 N3 28N 1.15
1590.00 715 N4 0 W 30.89 1589.9% 2.2 N 1.83 W 2.97 N 38 37N 2.00
1620.00 B19 N32 0 U 30.08 1619.99 2.42 N 1.93 ¥ 3.10 N 38 38 M 1.13
1650.00 L N3 DU 30.90 1649.99 2.5 N 292 W 3.25 N 38 20 M 0.27
1688.08 g 15 N37 ¢ .00 1679.99 2.67 N 2.0 W 3.40 N33 3 3.7
1710.00 915 N3 bU 20.00 1709.99 2.77 K 2220 U 3.33 N3 228W 0.23
1743.00 015 NS 0% 30.00 1737.99 2.84 N 2.20 W 3.66 N3 3V 5.05
1770.80 415 N3 oW 30.90 1769.99 2.92 N 2.40 W 3.79 N3 1?7 W 0.2¢
1804.09 015 N32 0 U 30.01 1792.99 3.02 N 2.4% W 3.92 N3 2?2 W 1.2
1830.30 020 N3 DU 30.00 182%.79 3.12 N 2.60 W 4.07 N3P a2 W 0.35
1860.00 02 N4 0 W 30.88 1839.99 1.26 N 2.1 04 4.24 N3 &4 M .10
18%0.00 ¢ 20 N4 DU 28.00 1E87.99 3.38 N 2.8 W 4.41 N3 57 W 3.10
1920.80 128 N4 D W 30.00 1919.99 3.30 N 2.9 o 4,58 N4 10 W §.10
1950.00 02 NS3 OU 38.00 1947 .99 3.62 N 308 W .75 Ha 27 W 0.1%
1980.80 020 N3 DU 30.59 1979.99 3.74 N 321 W 4,93 N4l 37 W .20
TIE-IN 1O PREVIOUS M.5.1. SURVEY AT 19807 M.D.
2018.00 P2 N4 OM 3®.00 2009.99 3.87 N 3.32 U 5.10 H40 3B W 0.86
2040.30 028 N4 DU 30.00 2039.99 4,00 N 3.43 M 3.27 N4 36 5.00
2078.00 D 15 N4 GN 30.00 20462.99 412 N 3. 53 W 5.42 N4 25 W 0.27
2100.90 0 15 N4 DU 38.90 2099.99 422 N 3.62 M 3. N4l %W §.03
2130.00 015 N3 68 34.00 212%.99 4,32 N 3.70 W D.69 N4 35 W 0.34
21460.90 015 N3 DU 30.00 2159.99 4.42 N 3.7 W 5.82 N4 3B W §.01
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YOUNGQUIST BROTHERS

PAHOKEE, WELL IW #1
PAHOKEE WELL#3

ROILS OF CURVATURE [ALCULATIONS

Friday, September 15, 1989 Page S
MEASURED BDRE-HOLE LOtRSE VERTICAL

RECTANSGULAR CLOSURES DOGLEG

DEPTH INCLINATION  DIRECTION LENGTH DEPTH COCRDINATES DISTANCE . DIRECTIIN SEVERITY

Feet Deg Min Deg Min Feet Fest Feet Fret Feat Deg Min Deg/100¢ ¢.
2940.09 030 N8 tTW 30.09 2939.97 5.94 N 8.44 W 10.32 NS4 534y 0.03
2970.00 0 30 NB 0 W 30.00 29469.97 5.95 N 8.7t W 10.54 NS 2 5.06
008,00 0 3 NBY 0 U 30.08 - 2999.97 “5.97 N 8.97 ™ 10.77 NS 2% 1.09
3030.00 g 20 N8 O 3¢.80 N29.97 3.99 N 9.23 W _ 11.00 N3S7 24 0.83
2040.00 0 4 NB 0 W 30.00 A059.96 4.02 N 9.93 W 11.27 N S7 4 U 1.5
3090.08 g 30 N8 QU 20.08 3089.94 6.06 N 9.83 4 11.55 NTB 22N 0.54
3120.90 103 N7 OW 20.80 311%.96 §.07 N 10.09 & - 11,78 NS8SPU 0.17
3150.00 ¢ 30 S8 0y 30.00 3149.94 6.07 N 18.35 M 12,00 ND3? 8 M §.03
3180.00 i 40 N8 QW 30.00 3179.94 6.07 N 10.66 W 12.26 N & 20 4 6.54
3210.985 04 N8 U 20.00 3209.96 .08 N 11.90 ¥ 12.57 Né& 3W 5.04
3240.93 | §8 0 U 30.00 3239.94 .09 N 11,35 W 12.88 N &1 47 W 0.15
3270.08 14 N8B ¢u 30.50 326%.95 .09 N 11.69 W 13.18 N&2 W 4.08
3300.98 0 4 SBS 9 30.00 3299.9% 6.08 N 12.04 ¥ 13.49 Né3 i1z u .23
3330.00 1 4 NS ¢ W% 34.00 3329.95 607 N 12.28 W 13.79 N4 4 ¥ 3.23
3340.00 1 4 $8 TN 30.00 335%.95 .06 N 12,73 W 14.10 Né& 334 2.19
3390.00 3 48 $8 U 30.00 3389.95 6.83 N 13.07 ¥ 14.40 N 14 W n.09
3420.00 3 40 584 0 W 33.00 341994 6.00 N 13.42 W 14.70 N6 AW 8.08
3450.00 LI 58 3 W 20.00 3449 .94 5.97 N 13.76 & 15.60 N &4 33 W 0.04

Final Station Closure - Distance: £5.00 Feet

- Direction: N dé 33 W
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P. 0. BOX 31450

LAFAYETTE, LA 70503

(318) 233-5943

TULTI-SH

SURVEY CALCULATION FIELD SHEET

P. 0. BOX 4357
CORPUS CHRISTI, TX 78469

(512) 883-7267

3’3%33 YMQU&T&OW@Z5 TYPE OF SURVEY & YEOS5 COAC ‘/[d—/” /-SdoT
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P. 0. BOX 31450
LAFAYETTE, LA 70503 LT| SH CORPUS Ct....
(318) 233-5943 SEEBENENEEEREENE (512) 883/
SURVEY CALCULATION FIELD SHEET
SHEET NO. 2
COMPANY NounGauST BeorHets TYPE OF SURVEY
LEASE/ARE AHOKEE WELL NO. _-_ég_.l::‘_.____. TARGET DIRECTION KBE DECLN. E/W
FIELD [=5=18 CALCULATION METHOD
RIG/PLAT YOO COMPLETION O YES O NO
JOB NO. ey 2H -8 DATE REMARKS:
SURVEYOR \]A"J w A A'\)

MEASURED INCL. HOLE TRUE TOTAL TOTAL CO-ORDINATES CO-ORDINATES CRSE. AVG. AVERAGE : X 00G
oepTH | aNGLe | oiRecTion | VERDCAL pesliven NS o s | o | e INCLN. DI O oeem | SEN ok
tzo | e BN
O O |MNooE
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=0 | /8 |myaw| 7900 NUol W
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P. 0. BOX 31450 rﬁ"'""""fz{g'" P. 0. BOX 4357
LAFAYETTE, LA 70503 ULT' SH /T CORPUS CHRISTI, TX 78469
(318) 233-5943 ik (512) 883.7267
EE R EERREERRRNRERARERER B
SURVEY CALCULATION FIELD SHEET

COMPANY \?Jgaas*’ Boruee s RVE

C o TYPE OF SURVEY

Lgﬂs’;’)ﬁ; QHOA? ¢ WELLNO. )BT TARGET DIRECTION KBE DECLN. E/W

FIELD CALCULATION METHOD

RIG/PLAT VOJHéQus'T i I, COMPLETION O YES O NO

JOBNO. _bo074/~8 DATE _7(2/87 REMARKS:

SURVEYOR AN LJANHA R

TOTAL CO-ORDINATES CO-ORDINATES X
'O ML |okion | vimen | v ﬂ womo T rowe | S | e | Thelel | o | S8 |
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P. 0. BOX 31450

NAEAaARNETEREREARSD

P. 0. BOX 4357
LAFAYETTE, LA 70503 I I " LT' SH CORPUS CHRISTI, TX 78469
(318) 233-5943 ~ (512) 883-7267
.-l..-.....-.l.l-...
4 SURVEY CALCULATION FIELD SHEET
SHEET NO.
COMPANY T Lcmiels TYPE OF SURVEY
LEASE/ARE% WELL NO. TARGET DIRECTION KBE DECLN. E/W
FIELD Wﬂ? CALCULATION METHOD
RIG/PLAT __ YOI r6QUIST | COMPLETION 01 YES O NO
JOB NO. o 14-82 DATE REMARKS:
SURVEYOR __ A +d WA AN)
{MEASURED| INCL. HOLE TRUE TOTAL TOTAL CO-ORDINATES CO-ORDINATES crse. | AVG AVERAGE | yppr | crsg. | POG
DEPTH | ANGLE | DIRECTION VED'EL’TCA‘L ‘g‘é’g‘,‘fm NS E W) NS | Eorwy | LNGTH. k",‘%{‘é DIR'EOC%ON DEPTH | DEVN. |6,
1830 > | w3 1B B 2 bl A B9
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69c | ¥» M 48/
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P. 0. BOX 31450 P. 0. BOX 4357
LAFAYETTE, LA 70503 CORPUS CHRISTI, TX 78469
(318) 233-59‘3 I (A R R R B EREREREEEERN] l‘:lll { 3 i (512) 883-7267
/ 3 SURVEY CALCULATION FIELD SHEET

32%:3' ch)&?gf@uzs'r /32077/62_5 TYPE OF SURVEY éE)/{ ?GCOP/C Mda’/‘%

LEASE/AREA (9) WELL NO. ._.3_______. TARGET DIRECTION DECLN. E/W

FIELD _£AH, . CALCULATION METHOD waldﬁ D" Ll IATZ e

RIG/PLAT pis7 X/ — M ggm:;igorv O YES O NO

suRVEYor VT CUA Gz ‘
) 8 ot | i | il et e T [ B [ [
/960 0-20 | 1385w| 198 [0 +3K| -3k

TE~MD Mok -Sriort N S e~y
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P. 0. BOX 31450 ""'"‘"' e e e P. 0. BOX 4357
LAFAYETTE, LA 70503 : B N ULTl_.SH s CORPUS CHRISTI, TX 78469
(318) 233.5943 ‘ FE (512) 883-7267
IIIIIIIIIIIII.IIIIIII
2 2 SURVEY CALCULATION FIELD SHEET
cS:SEAEJA:s \/OU%GQUI ST TYPE OF SURVEY (IR OSCOPIC M Ve 77~ 5‘@7
LEASE/AR AHorc€ JD _ weLL No. 2 TARGET DIRECTION —AL/Z. KBE DECLN. E/W
FIELD AHQUEE 1L OL, 04 CALCULATION METHOD __£A0¢% o ( JgJATUEE
RIG/PLAT \‘/OL)MG'OOIST &/ M COMPLETION 4 O YES ONO
é?j?{\';:.:gopz T NIV DATE REMARKS:
——— .
e pee [ poe T, | o, | TR R | | i | 60 | SO |
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GERAGHTY & MILLER, INC.

APPENDIX D
Geophysical Logs of Injection Well 1
See Separate Binder - Volume II
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