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FOR GOVERNING BOARD CONSIDERATION
MAY 10, 1984

UNDERGROUND INJECTION CONTROL PROGRAM
STAFF REPORT
Construction of Deep Injection armfapnitdring Well

Coral Springs Improvement District, Broward County, Florida

INTRODUCTION

Application has been made by Coral Springs Improvement District, through their
consultants, Geraghty and Miiler, Inc., for constructionlof a deep injection
well and associated monitoring systemf The inject;on well will be used for
disposal of secondarily treated domestic wastewater to the Boulder Zone.
Domestic sewage is presently treated at two "package"” style plants with a total
capécity of 2.0 million per day average daily fiow. Current projections indi-
cate a need for an expanded capabi]ity to treat 3.25 million gallons per day
and to provide for further expansion to a total of 6.5 million gallons per day.

DESCRIPTION OF PROJECT

The injection well system will consist of one 12 inch Class 1 injection well
approximately 3500 feet deep, with two monitor tubes installed in the annular
space between the intermediate and ;urface casings. The injection well will be
open to the highly transmissive, cavernous zone betﬁeen approximately 3000 feet
and 3500 feet. The monitor tubes will provide water level and water quality
monitoring capability at approximately 1300 and 2200 féet through a 30 foot
perforated gravel packed section of tubing. The injected fluid will be confined

by approximately 800 feet of low permeability massive dense dolomite, dolomitic

limestone and chalky limestone. The primary purpose of the monitoring tubes



will be to detect any upward movement of the injected fluids into the Floridan

aquifer, or loss of injected fluid from the well casings, should this occur,

The injection well will have a maximum design capacity of 3.5 million gallons
per day, although the initial upgrade of the plant will be sized for a base line
or average daily flow of 3.0 million gallons per day. Three effluent pumps are
provided (two service and one standby pump) capable of handling peak flows of
2,600 gallons per minute, Higher flows will be equalized so that all flows up
to base line will be directed to process treatment and all flows above base line
will be split using weirs of proportional length such that 85 percent of the
excess flows will be stored in an aerated holding tank and will be returned to

the process stream when the plant inflow is less than average daily flow.

The pumping system, effiuent force main and injection well will be protected
from water hammer and surge by a vacuum release at the well head, surge control
valves and a fast-opening pressure relief valve. This system will effectively
dampen shock loads and will automatically reinstate the Tevel of protection

after the initial cause for relief has dissipated.
Emergency discharge of effluent, in case the injection well is out-of-service will
be to existing shallow ponds. This is the system presently utilized for

polishing, oxidation and percolation of the effiuent.

WASTEWATER REUSE

Coral Ridge Properties was issued a water use permit in 1982 for 33.6 million

gallons per month maximum to jrrigate an eighteen hole gol1f course (136 acres).



The permit was subsequently transferred to Tournament Players Club. Proposed
jrrigation withdrawals were from on-site lakes. The applicant states that the
course is specifically designed to minimize irrigation supply requirement

by utilizing moisture-sensing devices to monitor s0il water content, and by
extensive utilization of native; drought-tolerant vegetation. Water application
rates were developed with a frequency or cycle period of 15 minutes per day for
greens, tees and fairways, and 30 minutes per day for roughs, only part of which

were to be sprinkled.

The applicant has reviewed the existing opportunipies for wastewater reuse and
has concluded that the only candidate is the golf course. The maximum
irrigation requirementis for this course (1.1 mgd) would not utilize the projected
up to 3.0 mgd of wastewater to be produced. In the absence of any other

feasible supplementary method, a deep well would be required.

Based on the expected costs associated with abandoning or demolishing parts of
the existing system aiready in place, and the capital costs and operating costs
for replacement facilities necessary to transport, store, pump and distribute
the effluent, as well as the low jrrigation demand and consequently minimal
benefit to the water resources of the area, it is concluded that requiring
irrigation reuse as an alternative, or in conjunction with a deep well would

not be practical.

RECOMMENDATIONS

1) Staff is satisfied that the proposed deep well injection system provides the
most viable, cost effective and environmentally safe wethod of wastewater disposal

for Coral Springs Improvement District.



2)

3)

Cp LT MR L T T AT ek, S

Staff is satisfied that the system meets the specifications set out in
Chapter 17-28, FAC, for integrity, safety and protection of underground
sources of drinking water. The system has been conceptually approved by the
Technical Advisory Committee established under Chapter 17-28, FAC to review

Class 1 injection well projects.

Staff recommends conceptual approval of the proposed system, with the
provision that Coral Springs Improvement District continue to explore the

possibilities of reusing wastewater and implements wastewater reuse when
.

this becomes feasible.

Lexlie A. Wedderburn, Ph.D.
Resource Control Department

February 22, 1984
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Geraghty & Miller, Inc.

CONSTRUCTION and TESTING
of an
INJECTION WELL
CORAL SPRINGS IMPROVEMENT DISTRICT
BROWARD COUNTY, FLORIDA

INTRODUCTION

In April 1984, the CSID (Coral Springs Improvement District) obtained
approval  from the TAC (Technical Advisory Committee) governing
underground injection contrel projects to construct and test a Class I
well at its wastewater treatment facility in Coral Springs, Florida.

A permit to construct and test the well was subsequently issued by the

FOER (Florida Department of Environmental Regulation).

Specifications for the program were issued in January 1984, and bids
were accepted on March 8, 1984, The specifications contained
provisions for drilling and testing an injection well to approximately
3500 feet; for constructing, testing, and completing two monitor tubes
in the annulus of the intermediate casing; and for plugging and
abandonment in the event suitable conditions were not found. In
addition, the specifications called for controlled pumping tests of
selected zones within the borehole to determine the capability for
confinement as well as an injection test to demonstrate the ability of

the injection zone to accept effluent.

The contract for the drilling and associated site work was issued in

April 1984 to Zeni Drilling Company of Morgantown, West vVirginia.
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Mobilization of eguipment began in October 1984 and actual well
drilling started on December 15, 1984. A total depth of 3500 fest was
reached on May 28, 1985 and the drilling and testing program was

completed on June 7, 1985.

During the drilling of the well, geologic and hydrologic data were
collected by coring, geophysical logging, formation sampling,
straddle-packer pumping tests and injection testing. These data were
used to determine the adequacy of the confining sequence and the
capability of the injection zone to accept effluent. Data collection

and evaluation were conducted by the staff of Geraghty & Miller.

As a condition of the construction permit, the FDER requested that,
upon completion of drilling and testing, a final report summarizing
the information abtained during the program be submitted along with an
application to operate the well. This report documents the results of
the investigation and contains information collected during the well
construction and testing programs. Conclusions are made regarding the
capability of the injection zone to accept effluent and the integrity
of the confining sequence. A monitoring program that will provide the
information necessary to evaluate well performance during operation of
the disposal system is also presented. Copies of the various
geophysical logs, geologic logs, and laboratory reports of chemical
analyses  of water samples and core tests are included in the

Appendices.
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This information is submitted in support of an application for a
permit to operate the CSID well in accordance with Section
17-28.26(1)(e) FAC (Florida Administrative Code) and Specific

Condition 9 of the construction permit.

FINDINGS

l. The data demonstrate the presence of an extremely transmissive
injection zone saturated with salt water (contains more than

10,000 milligrams per liter of total dissolved solids).

2. The top of the injection zone occurs at 3000 + feet below land
surface with its base at 3500 + feet, for a total thickness of

approximately 500 feet.

5. The injection =zone has an extremely high transmissivity which is
estimated to be greater than 3,000,000 gpd/ft (gallons per day
per foot). This zone is capable of accepting the required volume
of effluent from the CSID plant at an acceptable injection

pressure.

4. The contact between waters with less than 10,000 mg/1 (milligrams
per liter) of TDS (total dissolved solids) and non-potable water
is gradational and occurs in the interval between 1000 and 1200

feet below land surface.
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2. The hydraulic conductivity of the confining sequence, as
determined from the straddle-packer pumping tests, ranges from
0.000018 cm/sec {(in the lower monitor zone) to 0.0000099 cm/sec
(centimeters per second). Permeabilities determined from core

tests ranged from 0.000058 cm/sec to 0.0000000034 cm/sec.

6. Two monitor zones were selected. The lower zone is from 2153 feet
to 2183 feet and the upper zone is from 1192 feet to 1222 feet
below pad level. Monitor tubes were installed in the annulus of
the intermediate casing in order to enable sampling of these

ZONes.

7. The presence of favorable geologic conditions (i.e. highly
transmissive injection zone filled with water having greater than
10,000 mg/1 TDS, suitable confining sequence, and suitable
monitor zones) will permit the use of injection wells for the
safe, practical, and envirommentally sound dispnsal of treated

effluent at the CSID wastewater treatment facility.

RECOMMENDATIONS

1. well-head injection pressures should be monitored continuously.
Monthly averages as well as maximum and minimum values should be
reported to the BCEQCB (Broward County Environmental Quality

Control Board) and FDER on a monthly basis.
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2. The flow rate into the well should be monitored continuously.
Average daily flow rates as well as the total volume of effluent
pumped into the well should be reported to the BCEQCB and the

FDER on a monthly basis.

3. The monitor tubes should be pumped continuously and monitored
daily for specific conductivity, pH and temperature. This
information should be reported to the BCEQCB and FDER on a

monthly basis.

4. Samples from the monitor tubes should be collected and analyzed
quarterly for turbidity, total dissolved solids, chloride,
nitrate, and total coliform. The results of these analyses

should be sent to the BCEQCB and FDER on a quarterly basis.

2. A specific injectivity test should be performed quarterly. The
pumping rate should be established at 2100 gpm (gallons per
minute) for a one hour period. Well-head pressures should be
recorded during this period. Test results should be reported to
the BCEQCB and FDER in gpm per specific well-head pressure

(psig).

6. The well should be tested for mechanical integrity every 5 years.
Mechanical integrity may be tested by pressure testing the
injection casing and running a temperature or noise log. Other

test methods may be used subject to approval by the FDER.
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DATA COLLECTION

A variety of procedures were used to collect the data necessary to
accomplish the program's objectives. Some of the procedures used were
new; others were methods typically used in injection well programs.

These procedures are described in this section, along with comments on
their applications and usefulness. Except whers noted otherwise, all
dgepth measurements stated in this report are referenced to the

concrete drilling pad, which is approximately at land surface.

A log of drilling and related activities (Daily Log) was maintained by
the project staff. Items related to the well's construction and
testing, time spent on various work tasks (geophysical logging,
coring, inclination surveys and related incidents) were described, and
events were noted. Materials wused in construction, time spent on
contract items, and footages drilled were recorded in a separate
construction log; they also were noted in the Daily Log. Copies of
the Dally Logs were furnished on a weekly basis to the members of the

Technical Advisory Committee (TAC) and to representatives of CSID.

Samples of formation cuttings were collected during drilling of the
pilot hole and injection zone. Lag times of the cutting discharge
(time required for the cuttings to circulate from the bottom to the
discharge) were computed on a regular basis to ensure that accurate

sample depths were recorded. The samples were washed, dried, and
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examined microscopically by a Geraghty & Miller geologist and a field

lithologic log was prepared.

A geologic log was prepared as drilling progressed. A copy of the
geologic log 1is presented in Appendix A. One set of samples from the
well was sent to the Florida Bureau of Geology in Tallahassee,

Florida.

Cores were collected during drilling of a 7-7/8-inch diameter
borehole. The cores were collected using a core barrel and
four-inch-diameter core bit. The cored intervals were approximately
ten feet in length. Portions of the cores were sent to a testing
laboratory where they were tested to determine their vertical
permeability, porosity, and specific gravity. Copies of the

laboratory reports are contained in Appendix B.

Various geophysical logs were made in the pilot hole to collect data
on the presence and nature of the injection zone, the confining
sequence and the suitability of monitor zones. Dual-induction
{shallow, medium and deep investigation tools), temperature, caliper,
natural gamma ray, borehole compensated neutron, and sonic logs were

made. Copies of the various logs are contained in Appendix C.

The ODual-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"
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logs (sonic and neutron) were wuseful in identifying not only the
injection =zone and the confining seguence but also aided in locating

zones that could cause problems during cementing.

Inflatable straddle packers leased from TAM International were used to
isolate selected zones. Pumping tests were performed in these zones
to obtain data on permeability and water-quality. A total of six
straddle-packer pumping tests were completed. The tests were
conducted at a rate of approximately 50 gpm (gallons per minute) each
using a submersible pump set in the dfill pipe. Drawdown and recovery
measurements were taken and analyzed. The results of the permeability
data obtalned from these tests are presented subsequently. Laboratory
results of the water samples collected during the straddie-packer

tests are found in Appendix D.

After installation and cementing of the injection casing, a pressure
test was conducted on the casing prior to drilling the open hole
section through the injection zone. The casing was filled with water
and placed under a pressure of 150 psi (pounds per sguare inch), over
1.5 times the expected maximum well-head operating pressure, for a one

hour period.

After completion of the well, an injection test was conducted. During
the test a Geophysical Research Corporation Amerada Gauge (EPG-520)
was used to measure temperature and pressure changes in the injection

zone. Before the injection test was started, 24 hours of background
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pressure and temperature data were collected. The injection test was
conducted for a 24-hour period. The data-collection frequency ranged
from 10 seconds between readings at the start of test to a maximum of
1 minute during the latter part of the test. The test results and
their interpretation are presented in subsequent sections of this

report.

After completion of the injection test, clear, potable water was
pumped into the well and a video tape was made of the completed well.
The picture quality of the log was very good and provided visual data
on the condition of the well and the nature of the injection zone.
Copies of the tapes have been sent to those members the Technical
Advisory Committee requesting the information. Additional tapes are

available upon request.

Finally, water samples were collected from the monitor zones and
analyzed for a variety of constituents. This was done to establish
the "matural" or background quality of the water in the various zones
prior to the disposal of treated effluent. Copies of the laboratory
reports of the analyses are contained in Appendix E. Appendix C also
contains a drawing which correlates the data collected during the
various testing operations with the geologic log and several of the

geophysical logs.
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WELL DRILLING AND CONSTRUCTION

The injection well was drilled and completed in stages. Initially,
125 feet of 42-inch-diameter conductor casing were set inside of a
52-inch diameter hole and cemented in place with ASTM Type 11 neat
cement. After the conductor casing was installed, approximately 995
feet of 34-inch-diameter surface casing were set inside a nominal
42-inch-diameter hole and cemented in place with ASTM Type 11 cement.

Drilling operations then were changed from mud rotary to reverse air
and a 7-7/8-inch-diameter pilot hole was drilled to 3100 feet below
land surface. The drilling was dome using a closed circulation
system.  No drilling mud or formation fluids were discharged from the
drill site, Five cores, approximately 4 inches in diameter and 10
feet long, were taken in the pilot hole. The results of the

laboratory analysis of the cores are given in Appendix B.

Upon the completion of the pilot hole to a depth of 3100 feet, the
logging/testing phase of the program was conducted. This included
geophysical logging, straddle-packer punping tests and water-quality

sampling.

After pilot bole testing was complete, the 7-7/8-inch borehole was
reamed to a nominal diameter of 34 inches to a depth of 2300 feet and
22-inch-diameter  intermediate casing and the monitor tubes were
cemented in place with ASTM Type II cement (with 12% gel). The

7-7/8-inch-diameter borehole from the bottom of the 22-inch casing to
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a depth of 3010 feet was reamed to a nominal 22 inches in diameter.

The 12-inch-diameter injection casing was cemented in place to a depth
of 3006 feet with ASTM Type II cement (with 12% gel). The injection
well was completed by drilling a nominal 10-3/4-inch-diameter hole
from the bottom of the injection casing to a depth of 3500 feet. A

construction diagram of the Exploratory Well is shown in Figure 1.

In February, during the 34-inch reaming of the pilot hole, the SUrvey
data indicated that the reamed hole was not tracking the pilot hole.

On February 8, reaming of the pilot hole was temporarily stopped at a
depth of 1504 feet so that further investigations could be made. On
February 11, a wash tool and 5-inch drill string was lowered through
the bottom of the reamed hole and into the pilot hole to a depth of
1532 feet (28 feet below the bottom of the 34-inch reamed hole). This

provided physical proof that two separate holes did not exist.

In conjunction with the TAC, a testing procedure was developed for
demonstrating that the reamed hole was tracking the pilot hole as
subsequent  reaming operations progressed. The testing procedure
consisted of (1) running a caliper log from a depth of 1554 fset (50
feet into the pilot hole) to 1494 feet (10 feet above the bottom of
the 34-inch reamed hole); (2) remaving the cuttings from the pilot
hole to a deptn of 2400 feet and backfilling with a black, silica
material so that tracking of the pilot hole could be established by
analysis of cuttings from the well; and (3) running a caliper log

(upon completion of the 34-inch ream) from 2330 feet (30 feet into the
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pilot hole) to 2290 feet (10 feet above the bottom of the 34-inch
reamed hole). These procedures were followed with successful results

and reaming operations were completed on April 28.

In order to help evaluate the adequacy of the cementing job on the
injection casing, a Cement Bond Log was Tun by Schlumberger. This log
is included in Appendix C. The log strongly suggests that the mill
varnish on the outside of the injection casing allowed very little
attenuation of the acoustic signal into the formation. As a result, a
majority of the acoustic signal from the transmitter was reflected

back to the receivers.

The consistently large amplitude and relatively constant travel time
of the first signal arrival as well as the constant arrival time of
the first signal on the Vvariable Density Log display all suggest a
lack of acoustic coupling of the cement and casing. The lack of
acoustic coupling of the casing and cement is not necessarily
indicative of a poor cement seal in the annulus outside the injection

casing. Careful review of the cementing records, pressure test, and
injection test data indicate that the injection casing is properly
cemented and isolation between the injection horizon and overlying

sources of drinking water has been achieved.
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SUBSURFACE CONDITIONS

BACKGROUND

The final design of the injection well was based on the information
collected during drilling and testing of the pilot hole. The drilling
and testing program was set up to provide flexibility and allow for
changes in well completion that might be dictated by site-specific
geclogic conditions. The drilling specifications and program were
based on available data of regional geologic conditions and data from
existing injection wells in the area. The section on subsurface
conditions 1is presented first in this report so that the reader will
obtain a good understanding of site-specific geologic conditions and

the rationale for the final design of the well.

GEOLOGIC SETTING

A well defined, areally extensive sequence of carhonate sediments is
present at the CSID site and throughout the area. The geologic units
found during the construction of the well satisfied the requirements
of Chapter 17-28 FAC. The injection zone is capable of receiving the
required volume of effluent (three million gallons per day, average
daily flow) and disposal of the effluent into this zone should not
result in contamination of any USDW (Underground Source of Drinking

Water). A brief description of the various geologic units follows.
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From land surface to approximately 200 fest in depth, the sediments
are comprised of sandstone, limestone, and clay with varying amounts
of shell and sand. The sandstone is generally light gray to light
olive brown, comprised of quartz and phosphatic minerals, is fine- to
medium-grained, and exhibits dissolution features. The limestone is a
light gray to dark gray micrite which is sparsely located within the
sandstone sequence. Various amounts of sand and shell are also
present within these sediments. The solution features common in the
upper 200 feet of sediment give this unit the high permeability
characteristic of the Biscayne aguifer. These sediments are
Pleistocene to Miocene in age and correspond to descriptions of the

Anastasia and Tamiami Formations.

Below 200 feet deep, the sediment is dominantly composed of an olive
gray, plastic, clay with various, wusually small, amounts of sand.

From 600 feet to about 1100 feet, the sediment is predominantly
carbonate mud (marl). The marl is generally pale olive gray, soft,
and sandy with interbedded layers of limestone present throughout the
interval.  The limestone varies from light gray, pale orange, to
yellowish gray micrites and biomicrites. Various amounts of sand and
shell are present within both sediment types. The sediments in the
interval between 200 and 1100 feet are Miocene to Upper Eocene in age
and correspond with descriptions of the Hawthorn Formation, Suwannee

Formation, and possibly the Ocala Group.
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The limestone between 1100 feet and 1600 feet deep is typically a pale
orange to grayish orange, fine- to medium-grained, sandy, soft,
biomicrite. The limestone in this sequence is upper to middle Eocene
in age and 1is delineated as the Avon Park Formation. The upper

Floridan agquifer is contained within this section.

In the interval from 1600 feet to 2100 feet deep, the limestone
consists of light gray to pinkish gray, fine- to medium-grained, harg,
vuggy biosparites and micrites. The sonic and neutron logs indicate a
decrease in formation porosity in this interval. This section is
comprised of middle to lower Eocene-age sediments of the lower Avon

Park and Lake City limestone Formations.

At approximately 2100 feet deep, dolomite is first encountered. The
interval between 2100 feet and 3100 feet deep consists of alternating
layers of dolomite and limestone. Below 3100 feet, the rock is
composed almost entirely of dolomite. The dolomite in the upper part
of this interval 1is predominantly light brown to moderate brown,
massive, and dense with some dissolution features. The interbedded
limestone in this interval consists of pale orange to gray, finme- to
medium-grained, hard biosparite. The porosity is irregular in the
interval. Core samples taken from various locations between 2000 and
2900 feet have total porosities which range between 41.5% and 8.1%.

This section contains lower Eocene-age sediments of the lower Lake

City limestone and Upper Oldsmar limestone formations.
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The injection zone extends from approximately 3000 feet to 3500 feet
in depth in the lower section of the Oldsmar Formation. Results from
the television survey indicate that the dolomite in the zone exhibits
extensive dissolution cavities and fracturing. Open-spaced crystal
growth 1is commonly apparent in the wvugs of dolomite in the well
cuttings. The bottom of the injection zone was determined by the
occurrence of a limestone with evaporite minerals (gypsum) present in
the wvoids. This strata was encountered at a depth of 3495 feet and
probably marks the top of the Paleocene-age sediments of the Cedar

Keys limestone Formation.

HYDROGECLOGIC SETTING

Subsurface conditions were determined by evaluation of the drill
cuttings, laboratory tests conducted on cores, straddle-packer pumping
tests, and through the interpretation of geophysical logs. The
straddle-packer tests provided information on  the hydraulic
conductivity of the confining sequences and on water guality. Core
testing conducted in the laboratory yielded additional information on
the vertical permeability of the rock comprising the confining
sequence.  Geophysical logs were wuseful in measuring the relative
porosities and the vertical extent of individual units. Evidence from
each of these sources is used in the following text to describe
hydrogeologic properties of the various confining sequences and
water-bearing zones encountered during the drilling of the Coral

Springs Improvement District well.
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Confining Sequence

Based on interpretation of the various data, the injection zone is
overlain by a confining sequence in the interval between 1600 and 3000
feet. The most significant section of the confining sequence above
the injection zonme occurs between 2200 feet and 3000 feet below land
surface. The limestone that comprises this sequence is a very
fine-grained biomicritic rock interbedded with fime to coarse

crystalline dolomite,

Within this confining sequence, five straddle-packer tests were
conducted. The recovery data from the packer tests were analyzed
using a method described by Schafer (1980) for low yield formations.

The values of hydraulic conductivity determined from these tests
(Table 1)} ranged from 0.0000099 cm/sec to 0.000012 cm/sec. Laboratory
tests conducted on the cores taken from this interval showed vertical
permeabilities ranging from 0.0000000034 cm/sec to 0.000058 cm/sec.

From the core data shown in Table 2, it can be seen that the
porosities for the limestone in the confining sequence range from
approximately 31 to 41 percent. These porosities are at the high end
of generally expected porosity values for limestone. The vertical
permeability of the limestone cores average 0.000042 cm/sec., Given
these low values of permeability, it can be concluded that not all the
pore spaces are interconnected and the effective porosity must be

lower than the values obtained from the laboratory analyses.
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TABLE 1

HYDRAULIC PROPERTIES OF
STRADDLE-PACKER TEST INTERVALS
CORAL SPRINGS IMPROVEMENT DISTRICT
INJECTION WELL 1
BROWARD COUNTY, 1985

Hydraulic
Interval Transmissivity Conductivity Data
(feet) (gpd/ft) (em/sec) Analyzed

1180-1227*

1699-174§ 25.9 2.6 x 10 versus S/Q
1974-2020 7.8 8.0 x 10 versus S/Q
-2145-2195 11.7 1.2 x 10 versus 5/Q
2451-2498 9.9 9.9 x 10 versus 5/0Q
2874-2921 3.0 3.0 x 10 versus S/Q

* No hydraulic

properties determined for this interval.
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TABLE 2

RESULTS OF THE ANALYSES OF SELECTED
CORE SAMPLES
CORAL SPRINGS IMPROVEMENT DISTRICT
INJECTION WELL 1
BROWARD COUNTY, 1985

Core Depth Porosity Permeability

NO. (ft.) (%) (cm/sec) Description
1 2015.0 - 2016.2 41.5 g.000058 Limestone
2 2111.4 - 2112.0 31.4 0.000079 Limestone
3 2357.9 - 2358.4 34,2 0.0000095 Limestone
4 2704.2 - 2705.2 8.1 (0.0000000034 Dolomite

5 2892.0 - 2892.8 35.1 0.000965 Limestone

Notes: (1) Four-inch-diameter cores.
(2) Analysis performed by Professional Service Industries, Inc.,
Clearwater, Florida.
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The top and bottom of the confining sequence is indicated in a general
way on the borehole-compensated sonic log. The confining strata are
distinguished by relatively uniform traces that vary in amplitude over
a limited range and indicate formation material having consistency in
composition ({limestone) and porosity. Zones containing fractured
dolomite show erratic variations in signal amplitude due principally
to cycle skipping caused by rock fractures and borehole

irregularities.

Injection Zone

The presence of an injection zone was signaled during the drilling by
a constant chattering of the drill string, which is characteristic of
fractured 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 of a fractured
and cavernous dolomite. The top of the zone is approximately 300 feet
into the Oldsmar Limestore. The depth to the top of the zone is
approximately 3000 feet. The bottom of the zone was encountered at a

depth of approximately 3500 feet,

The injection zone and occurrence of dolomite are shown clearly on the

dual-induction and borehole-compensated sonic logs presented in
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Appendix C. The resistivity profile shown on the dual-induction log
varies considerably within the injection zone (3000-3500 feet). This
response 1is due to the presence of massive, dense dolomite (higher
resistivity) along with fractures and cavities containing salt water
(low resistivity). On the borehole-compensated sonic log, the faster
transit wvelocities and cycle skipping seen between 3000 feet and 3500
feet confirm the presence of dolomite containing large cavities. The
presence of large cavitiss and fractures can also be seen on the

television survey.

WATER QUALITY

Water samples were collected from the injection well during each
straddle-packer pumping test for analysis of selected major ions.

Laboratory test results are given in Appendix D. After the monitor
tubes were developed, water samples were collected and analyzed for
selected ions to establish background water quality. These analyses

are presented in Appendix E.

During the straddle-packer tests, a 47-foot section of the pilot hole
was 1isolated using inflatable packers provided and installed by TAM
international. Each zone was pumped for a two-hour period using a
submersible pump, Temperature and conductivity readings of the water
pumped from the isolated zones were made periodically throughout the
tests. The shallowest interval tested (1180 feet to 1227 feet) was

not pumped. This zone was allowed to "free flow" for approximately
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2.5 hours. Just prior to the end of the pumping tests, samples were
collected from each zone for laboratory analysis. As shown by the
data in Appendix D, the water quality of these samples is poor. Even
the sample from the shallowest zone (1180 feet - 1227 feet) had TDS
(total dissolved solids) concentrations greater than 10,000 mg/l

(milligrams per liter).

Because the pilot hole was drilled using salt and mud to control flow,
and given the high turbidity values of the samples, the monitor zones
were developed continuously for a period of three weeks prior to
collecting samples for laboratory analysis. As shown by the test
results of the monitor zone samples in Appendix E, the TDS
concentration in the upper monitor zone (1192 feet to 1222 feet) is
greater than 10,000 mg/l, with a turbidity of less than 0.5 NTU's.

The laboratory test results from the monitor zones after development
show a 15 to 20 percent decline in the TDS concentrations from the
straddle-packer test samples collected from the same zones. Because
of the lack of turbidity in the sample taken after development of the
upper monitor zone, the data should be representative of the native
formation water. Based on these data, it can be seen that the contact
between potable water (less than 10,000 mg/l TDS) and non-potable

waters occurs in the interval between 1000 feet and 1200 fset.

This compares favorably with water-quality data from the momitor well
at the City of Fort Lauderdale. The contact between potable and

non-potable waters was found to occur in the interval between 1072
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feet and 1457 feet deep. The TDS concentration at 1457 feet was

24,036 mg/1 and the TDS concentration from 1072 feet was 6,834 mg/1l,

The concentrations of nitrate in the monitor-zone samples are very
high and not characteristic of typical native formation water at these
depths.  The chemist performing the analyses suggested that the test
method wutilized is sensitive to high TDS concentrations. Future
samples should be analyzed using a test method which is not as
sensitive to TDS concentrations, in order to verify the water guality

with respect to nitrate.

The water-quality data obtained during the CSID drilling and testing
program show that the injection zone contains water with more than
10,000 mg/1l of TDS and the zone can be used for disposal of treated

wastewater in compliance with Chapter 17-28 FAC.

INJECTION TEST

On  Jume 2, 1985, an electronic pressure/temperature sensor was
installed in the well at a depth of 2995 feet below pad level.

Background pressure and temperature readings were collected for a
period of 24 hours. The sensor was positioned at 2995 feet
(approximately 5 feet above the bottom of the injection casing) so
that the data collected during the test would be representative of the
injection zone and would not be influenced by turbulence from fluid

exiting the injection casing.
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Monitoring during the injection test consisted of (1) water level of
the lower monitor zone; (2) well-head pressure of the upper monitor
zone; (3) flow in gpm (gallons per minute) through the pipeline to the
well; (4) well-head injection pressure and temperature and (5)

bottom-hole temperature and pressure at the top of the injection zone.

The pressure data collected from the bottom-hole sensor during the
test 1is shown on Figure 2 along with the potentiometric levels of the
monitor zones. Figure 2 shows the temperature data collected from the

bottom-hole sensor during the test.

The injection test began at 2:30 p.m. on June 3, 1985, and was stopped
24 hours later. After the test, 12 hours of recovery data were
collected from the bottom-hole sensor and 24 hours of data collected
from the monitor zones. During the test, water was pumped into the
well from a canal approximately 150 feet west of the well location via
a 12-inch-diameter pipeline. The flow rate through the pipeline was
measured with a Polysonics Hydra model flow meter. Flow to the well
was maintaired at a rate of 2600 gpm (anticipated peak flow rate) for

a period of 24 hours.

TEST RESULTS INTERPRETATION

The following is an interpretation of the data collected during the

test as shown on Figure 2 and Figure 3.
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Interpretation

Pump on

Flow rate is established at 2600
gpm. Bottom-hole pressure in-
creases 1.19 psi due to density
changes in borehole as a result
of temperature and salinity dif-
ferences between injection fluid
and borehole fluid. Pressure in-
crease represents hydrostatic
adjustments similar to a surge
wave,

Bottom-hole pressure declines
0.10 psi after initial surge
effects. Potentiometric level of
lower monitor zone decreases
slightly (0.01 psi) due to
Noordbergum effect.

Bottom-hole pressure stabilized.’
Minor fluctuations (0.0l psi to
0.06 psi) due to mimor fluctua-
tions in flow rate.

Bottom-hole pressure drops 0.23
psi due to tidal fluctuations.

Bottom-hole pressure increases
0.15 psi due to tidal fluctua-
tions and temperature decreass
of injected water.

Bottom-hole pressure drops €.15
psi due to tidal fluctuations
and temperature increase of in-
jected water.

Pump off

Bottom-hole pressure decreases
1.37 psi due to hydrostatic
stabilization and tidal fluctua-
tions.
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1730-2300 Bottom-hole pressure increases
0.12 psi due to tidal fluctua-

tions.
2300-0230 Bottom-hole pressure decreases
0.04 psi due to tidal fluctua-

tions.

As shown on Figure 2, comparison of the background bottom-hole
pressure reaaing at 0300 hours on June 3, with the pressure reading
taken during the injection test at 0400 hours on June 4, results in a
pressure difference of 0.97 psi. These two points on the hrydrograph
correspond to periods of low tide during the diurnal cycle of tidal
fluctuations. Similarly, comparison of the background bottom-hole
pressure reading at 0900 hours on June 3, with the pressure reading
taken during the injection test at 1000 hours on June 4, results in a
pressure difference of 0.94 psi. In both instances, the pressure
readings taken during the injection test are approximately 0.95 psi
greater than those taken during corresponding tidal fluctuations in
the background data. A bottom-hole pressure change of approximately
1.19 psi was recorded just after the injection test was started and a
pressure change of approximately 1.37 psi was recorded just after the
test was stopped. Therefore, the pressure increase attributable to
injection is about 1.00 psi. Injection at a rate of 2600 gpm for a
period of 24 hours results in a negligible pressure increase at the

top of the injection zone.

As shown on Figure 3, the bottom-hole temperature remained relatively

constant at about 620 F (Degrees Fahrenheit) during the background
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period, Once the pump was started, the bottom-hole temperature
rapidly increased to the ambient temperature of the canal water which
was about 88°F. By 4:30 p.m., the temperature had stabilized at about
88’ F and remained relatively constant until about 2 a.m. on June 4,
1985.  The temperature decreased a couple of degrees during the period
between 2 a.m. and 10 a.m. due to a decrease in the ambient
temperature of the canal water during the early morning hours. From
10 a.m. wuntil the pump was shut off at 2:30 p.m., the temperature
increased a couple of degrees due to an increase in canal water

temperature during the mid morning and early afternocon hours.

The temperature data collected during the recovery period may be
useful for future mechanical integrity evaluations which utilize
temperature logs. As shown on Figure 3, the temperature decay was
nearly linear during the 12-hour recovery period. The temperature
decreased at a rate of about D.765°F/hour during this period. At this
rate, it would have taken approximately 34 hours for the temperature
at  the sensor to reach background values. This may be a
conservatively small period of time because the temperature decay rate
may not remain linear for the entire period of time requirad for
temperature normalization. Also the effects of long term injection on
the temperature decay rate are not known. However, based on the
information collected during the injection test and assuming an
ambient effluent temperature of 880 F, the well should probably be
allowed to remain out of operation a minimum of 48 hours before

temperature logs are run for mechanical integrity testing purposes.
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The data from the injection test, geophysical logs and television
survey all show that the injection zone in the CSID well has the high
transmissivity characteristic of the "Boulder Zone" in south Florida.

A rough estimate of the transmissivity of the injection zone was made
based on the injection test data using a method described by Walton
(1970).  Assuming that the specific capacity of the well is equal to
the specific injectivity measured during the injection test, the

transmissivity is estimated to be greater than 3,000,000 gpd/ft.

PLUGGING AND ABANDONMENT PLAN

In the event the CSID well has to be abandoned, it must be effectively
sealed or plugged in order to prevent upward migration of fluid from
the injection zone or interchange of formation waters through the

borehole or along the casing.

In order to effectively plug the well, it will be necessary to
mobilize a drill rig, "kill" the well, and remove the valve from the
wellhead. The well will be "killed" by filling the casing with 9.0
ppg {pounds per gallon) of drilling mud. After the valve is removed,
a bridge plug assembly will be set at the bottom of the injection
casing.  The plug assembly will consist of a short section of threaded
casing with a bottom plug and two cement baskets attached to the
outside. Above this section of casing will be approximately 100 feet

of threaded casing which contains cement ports and several sets of
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left-handed threaded couplings. These couplings will be placed at the
top and bottom of the top Jjoint of casing. This assembly will be

lowered into the well to a depth of 3000 feet on a string of drill

pipe.

The cement baskets will be expanded and set by adding about five cubic
feet of crushed limestone to the well and allowing it to settle. A
mixture of neat cement will be pumped into the hole through the drill
pipe and the cement ports above the cement baskets in the bridge plug
assembly. The quantity of cement pumped should be equivalent to the
volume of slurry required to fill the casing from the top of the
crushed limestone to one foot below the lowermost left-hand threaded

coupling.

The cement will be allowed to set for 24 hours, and 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
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 will be considered set
and the Contractor can 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 coupling). Then two
successive small stages of no more than 100 feet of cement fill-up are
pumped and given time to set. The remainder of the casing will then

be filled with neat cement.
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GEALOGIC LOG
OF

CORAL SPRINGS INJECTION WELL

WELL 1

Sample Description

SAND AND SILT - Sand, 95%, yellowish gray to
dusky yellowish brown, quartz, fine—grained,
sub-angular to sub-rounded; Silt, 5%, trace,
roots, organic material.

SAND -~ Sand, 100%, yellowish gray to pinkish
gray and clear, cquartz, fine—grained,
sub-angular to sub-rounded.

SHELLY SAND AND LIMESTONE - Sand, 50%, clear,
quartz, fine to medium coarse-grained,
anqgular to sub-rounded; Shell, 20%, white,
tan, very small-sized fragments; Limestone,
30%, grayish orange to dark yellowish orange,
very fine-grained, micritic, very well
cemented,

SHELLY SAND AND LIMESTONE - Sand, 70%, clear
and frosted, quartz and calcite, fine to
medium- coarse-grained, angular to
sub-rounded; Shell, 25%, white, very
small-sized fragments, bleached; Limestone,
5%, grayish orange, very fine—grained,
micritic, very well cemented.

SANDSTONE AND SAND - Sandstone, 50%, quartz,
phosphatic, pale yellowish brown, very
fine—grained, angular to sub~rounded, well
cemented in calcareocus matrix, few shell
fragments, wvery small; Sand, 50%, clear,
frosted, unconsolidated, quartz and calcite,
very fine-grained to medium-grained, angular
to sub-rounded.

Depth

Interval Thickness
(feet) {feet)
0- 1 1
1- 4 3
4 - 10 6

1o - 13 3

13 - 24 11
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SAND AND LIMESTONE - Limestone, 60%, very
pale orange, fine-grained, biomicrite, well
cemented; Sand, 40%, quartz and calcite,
clear, frosted, fine—grained, angular to
sub-rounded.

SANDSTONE AND SAND - Sandstone, 90%, light
gray to light olive gray, quartz, phosphatic,
very fine- to fine-grained, rounded to
sub-angular grains, very well cemented,
solution cavities, porous; Sand, 10%, clear,
frosted to black, «<uartz, phosphatic,
unconsoel idated fine—grained, angular to
sub~rounded.

SANDSTONE AND SAND - Sandstone, 90%, light
gray to light ©olive gray, quartz ard
phosphatic, very fine~ to fine—grained,
rounded to sub~angular grains, well cemented
few solution cavities; Sand, 10%, clear to
black, <cuartz, phosphatic, very fine- to
fine—grained, angular to sub-rounded.

SANDY LIMESTONE - Limestone, 95%, grayish
orange, phosphatic, fine-grained, biosparite,
sandy, very well cemented; Sand, 5%, clear,
quartz, very fine—grained, angular to
sub-rounded; Marl, trace, yellowish gray,
soft,

SANDSTONE. AND SHELL - Sandstone, 90%, clear,
black and 1light olive brown, quartz,
phosphate, wvery fine- to fine-grained,
rounded to sub-angular, well cemented,
calcareous cement;  Shell, 10%, white,
fragments, angular.

SHELL. AND SANDSTONE - Shell, 90%, very pale
orange, fragments, pelecypoda, gastropoda;
Sandstone, 10%, clear to black, quartz and
phosphate, very fine-grained, rounded to
angular, calcareous cement.

24 -

31 -

40 -

55 -

74 -

31

40

55

65

74

85

15

10

11
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SANDSTONE AND SHELL - Sandstone, 85%, light
olive gray, quartz, phosphatic, fine- to
medium—grained, sub-angular, well cemented,
calcareous cement; Shell, 15%, very pale
orange, fragments, angular.

SANDSTONE AND SHELI, - Sandstone, 60%, light
olive gray, quartz, phosphatic, fine- to
medium—grained, sub-angular, well cenmented,
calcareous cement; Shell, 40%, very pale
orange, broken, fragmented.

SANDSTONE - Sandstone, 95%, clear to light
olive gray, quartz, fine- to medium—grained,
sub-angular, well cemented, calcareous
cement; Shell, 5%, white, broken, fragments.

SANDSTONE AND SHELL - Sandstone, 75%, light
olive gray, quartz, fine- to medium-grained,
sub—angular, well cemented, calcareous
cepent; Shell, 25%, very ©pale orange,
fractured, broken.

SANDSTONE AND SHELL -~ Sandstone, 80%, clear,
light olive gray to Dblack, «quartg,
phosphatic, fine- to medium—grained, angular
to rounded, poorly «cemented, calcareous
cement; Shell, 20%, very pale orange and
white, fragmented, angular, broken.

SANDY CLAY - C(Clay, 90%, 1light olive gray,
plastic; Sand, 10%, clear to black, quartz,
phosphatic, very fine- to medium-grained,
sub-angular to sub-rounded, few very small
shell fragments.

SANDY CLAY - C(Clay, 90%, grayish olive,
plastic; Sand, 10%, clear to black, quartz,
phosphatic, very fine- to mediumgrained,
sub-angular to sub-rounded.

85

99

118

125

132

174

195

9%

119

125

132

195

245

14

20

42

21

50
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SANDY CLAY - Clay, 90%, olive gray, plastic;
Sard, 10%, <clear and Dblack, quartz,
phosphatic, very fine-grained, sub-angular to
sub-rounded.

SILTSTONE AND SANDY CLAY - Siltstone, 80%,
olive gray to light olive gray,
fossiliferous, siliceous, solution cavities,
very hard; Clay, 15%, grayish olive to light
olive gray, plastic; Sand, 5%, clear to
black, quartz, phosphatic, very fine-grained
to coarse-grained, angular to sub-rounded.

CLAY - Clay, 100%, pale olive, plastic, soft,

CLAY - C(Clay, 100%, pale olive, non—-plastic,
moderately hard.

MARLY LIMESTONE - Limestone, 60%, yellowish
gray, fine—grained, micrite, <calcareous
cement, friable; Marl, 40%, yellowish gray,
soft.

SANDY MARL -~ Marl, 70%, pale olive gray,
soft; Sand, 30%, clear to black, gquartz,
phosphatic, very fine—grained, sub-angular to
sub—-rounded.

SANDY MARL AND LIMESTONE - Marl, 80%, pale
olive gray, soft; Sand, 15%, clear to black,
quartz, phosphatic, very fine—grained,
sub-angular to sub-rounded; Linestone, 5%,
pale colive gray, very fine-grained, micrite,
friable, very soft.

SANDY MARL -~ Marl, 80%, pale olive gray,
soft; Samd, 10%, clear to black, quartz,
phosphatic, very fine-grained, sub-rounded.

CLAY - Clay, 100%, yellowish gray, soft,
plastic,

245

485

489

551

563

574

580

590

630

485

489

551

563

574

580

580

630

666

240

62

12

11

10

40

36
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MARLY LIMESTONE - Limestone, 70%, vellowish
gray, fine—grained, biomicrite, friable;
Marl, 30%, yellowish gray, plastic, soft.

666 - 672 6
SANDY MARL - Marl, 70%, yellowish gray, soft,
plastic; Sand, 30%, clear to black, quartz,
phosphatic, very fine to medium-
coarse~grained, sub-angular to sub~rounded.
672 - 710 36

LIMESTONE =~ Limestone, 100%, yellowish gray,
fine—grained, biomicrite, friable.
710 - 721 11

SANDY MARL - Marl, 90%, vyellowish gray to
pale olive, soft to moderately hard; Sand,
10%, clear to black, quartz, phosphatic,
fine-grained, sub-angular,
721 - 735 14

MARLY LIMESTONE - Limestone, 70%, yellowish
gray, fine—grained, biomicrite, friable;
Marl, 30%, yellowish gray, plastic, soft.
735 - 740 5

SANDY MARL -~ Marl, 90%, yellowish gray to
pale olive, soft to moderately hard; Sand,
10%, clear to black, quartz, phosphatic,
fine-grained, sub-angular,
740

755.5 15.5

MARLY LIMESTONE - Limestone, 70%, yellowish
gray, fine- to medium—grained; Marl, 30%,
yellowish gray, plastic, soft,
755.5- 757.5 2

SANDY MARL - Marl, 80%, yellowish gray to
light olive, soft; Sand, 20%, clear to black,
quartz, phosphatic, fine- to medium—grained,
sub-angular to rounded.
757.5- 804 46.5

MARLY LIMESTONE - Limestone, 80%, yellowish
gray, fine~ to medium-grained; Marl, 20%,
yellowish gray to 1light olive, soft to
moderately hard.
804 - 810 6
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SANDY MARL - Marl, 80%, yellowish gray, soft;
Sand, 20%, clear to black, cquartg,
phosphatic, fine~ to medium—grained,
sub~angular to rounded.

MARLY LIMESTONE - Limestone, 60%, yellowish
gray, fine-grained, micrite, soft; Marl, 40%,
yellowish gray, soft, sandy.

SANDY MARL -~ Marl, 80%, yellowish gray to
light olive, soft; Sand, 20%, clear to black,
quartz, phosphatic, fine- to medium-grained,
sub-angular to rounded.

MARLY LIMESTONE - Limestone, 60%, yellowish
gray, fine—grained, micrite, soft; Marl, 40%,
yellowish gray, soft.

SANDY MARL - Marl, 70%, yellowish gray to
light olive, soft; Sand, 30%, clear to black,
quartz, phosphatic, fine- to medium—grained,
sub—angular to rounded.

SANDY MARL AND SHELL - Marl, 60%, grayish
olive, soft; Sand, 20%, clear to black,
quartz, phosphatic, fine- to medium—grained,
sub-angular to sub-rounded; Shell, 20%, white
to pale orange, small fragments, bleached.

MARLY LIMESTONE - Limestone, 70%, yellowish
gray, fine—grained, biomicrite, hard; Marl,
30%, yellowish gray, plastic, soft.

SANDY MARL - Marl, 70%, yellowish gray, soft;
Sarg, 30%, clear to black, quartz,
phosphatic, fine- to medium—grained,
sub—-angular to rounded,

SANDY LIMESTONE - Limestone, 70%, yellowish
gray, fine—grained, biomicrite, bhard; Sand,
30%, clear to black, quartz, phosphatic, very
fine—grained, sub-angular to rounded.

810

815

822

854

865

939

961

970

975

815

822

854

865

%1

970

975

1000

32

11

74

22

25
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SANDY MARL - Marl, 70%, light olive, soft;
Sand, 30%, clear to black, quartz,
phosphatic, very fine-grained, sub-angular to
sub-rounded.

SANDY MARL AND SHELL - Marl, 50%, light
olive, soft; Shell, 40%, pale orange,
fragmented, rounded; Sand, 10%, clear to
black, quartz, phosphatic, fine- to
medium-grained, sub-angular to rounded.

MARLY LIMESTONE - Limestone, 80%, yellowish
gray, fine-grained, biomicrite, soft; Marl,
20%, yellowish gray, plastic, soft.

LIMESTONE - Limestone, 100%, medium light
gray to very pale orange, fine-grained,
sparse biomicrite, hard.

LIMESTONE - Limestone, 100%, light gray to
very pale orange, fine-grained, biomicrite,
soft.

LIMESTONE AND SAND - Limestone, 60%, lignt
olive gray to very pale orange, fine-grained,
sparse biomicrite, hard; Sand, 40%, clear to
black, quartz, phasphatic, very fine to
fine-grained, sub-angular to sub-rounded.

LIMESTONE AND SAND - Limestone, 75%, very
light gray to light olive gray, fime-grained,
hard; Sand, 25%, clear to black, quartz,
phosphatic fine-grained, sub-angular to
sub-rounded; Shell fragments and white Clay,
trace.

SANDY MARL AND SHELL - Marl, 50%, very pale
orange to light gray; Shell, 35%, very pale
orange, fragmented, rounded; Sand, 15%, clear
to black, quartz, phosphatic, fine~ tao
medium-grained, sub-angular to sub-rounded.

1000

1005

1020

1026

1030

1061

1075

1080

1005

1020

1026

1030

1061

1075

1980

1086

15

31

14
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SAND - Band, 100%, very pale orange to light
brown, calcarecus, medium- to coarse-grained,
unconsolidated, sub-angular to sub-rounded.

SANDY MARL - Marl, 80%, 1light brown,
calcareous, hard; Sand, 20%, clear to very
pale orange, quartz, fine- to medium—grained,
sub—angular to sub-rounded.

LIMESTONE - Limestone, 100%, very pale orange
to grayish orange, fine- to medium-grained,
soft.

MARLY LIMESTONE - Limestone, 60%, very pale
orange, fine- to medium—grained, calcarecus
soft; Marl, 40%, light olive green, soft,
plastic.

LIMESTONE -~ Limestone, 100%, very pale
orange, fine- to medium—grained, soft.

LIMESTONE AND MARL - Marl, 60%, grayish olive
green, soft, plastic; Limestone, 40%, very
pale orange, fine- to medium~grained, soft.

LIMESTONE - Limestone, 100%, grayish orange,
fine- to mediun—grained, soft,

LIMESTONE AND MARL - Limestone, 60%, very
pale orange, fine- to medium—grained, soft;
Marl, 40%, ligbt olive green, soft, plastic,

LIMESTONE - Limestone, 100%, very pale
orange, fine- to medium—-grained soft.

LIMESTONE AND MARL - Limestone, 70%, very
pale orange, fine- to medium—grained, soft;
Marl, 30%, light olive green, soft, plastic.

1086

1110

1164

1235

1240

1245

1248

1302

1306

1312

1110

1164

1235

1240

1245

1248

1302

1306

1312

1315

24

54

71

54
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LIMESTONE - Limestone, 100%, very pale
orange, fine- to medium-grained, soft.
1315 - 1347 32

LIMESTONE - Limestone, 100%, very pale orange
to medium gray, fine- to medium-grained, soft
to moderately hard.
1347 - 1386 19

LIMESTONE AND MARL - Limestone, 95%, very
pale orange, fine- to medium-grained, soft;
Marl, 5%, light olive green, soft, plastic.
1366 - 1381 15

LIMESTONE - Limestone, 100%, very pale orange
to medium gray, fine- to medium-grained, soft
to moderately hard.
1381 - 1385 4

LIMESTONE - Limestone, 100%, very pale
orange, fine- to medium-graimed, soft.
1385 - 1412 27

LIMESTONE - Limestone, 100%, very pale orange
to medium gray, fine- to medium-grained, soft
to moderately hard.

1412 - 1420 8
LIMESTONE AND MARL - Limestone, 70%, very
pale orange to medium gray, fine- to
medium-grained, soft to hard; Marl, 30%,
lignt olive green, soft, plastic.
1420 - 1425 5

LIMESTONE - Limestone, 100%, very pale orange
to medium gray, fine- to medium grained, soft

to hard.

1425 - 1487 62
LIMESTONE ~ AND MARL - Limestone, 70%, very
pale orange to white, fine- to

medium-grained, soft; Marl, 30%, light olive
green, soft plastic.
1487 - 1493 6

LIMESTONE - Limestone, 100%, very pale orange
to medium gray, fine- to medium-grained,
soft; Chert, trace.
1493 - 1638 145
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LIMESTONE - Limestone, 100%, 1light gray,
fine-grained, micrite, solution cavities,
moderately hard.
1638 - 1641 3

LIMESTONE - Limestore, 100%, light gray to
very pale orange, fine-grained, micrite,
solution cavities, moderately hard.
164l - 1651 10

LIMESTONE - Limestome, 100%, pinkish gray,
fine-grained, biosparite, moderately soft;
Trace, marly, yellowish gray, soft.

1651 - 1668 17
LIMESTONE - Limestone, 100%, pale ysllowish
brown, fine-grained, biosparite, moderately
soft.

1668 - 1720 52

LIMESTONE - Limestone, 100%, very pale orange
to medium gray, fine- to medium-grained,

soft.

1720 - 1765 45
LIMESTONE - Limestorme, 100%, grayish orange
to medium dark gray, fine- to medium-grained,
soft.

1765 ~ 1772 7
LIMESTONE - Limestone, 100%, very pale
orange, fine- to medium-grained, very soft.

1772 - 1783 11

LIMESTONE - Limestone, 100%, very pale orange
to  medium gray, fine-grained, biosparite,

fossiliferous.

1783 - 1825 42
LIMESTONE - Limestone, 100%, gray to pale
orange, fine-grained, biosparite, solution

cavities, moderately soft, fossiliferous;
Chert, trace.
1825 ~ 2003 178

LIMESTONE -  Limestone, 100%, wvery pale
orange, fine-grained, biosparite, solution
cavities, moderately soft, fossiliferous.
2003 - 2055 52
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LIMESTONE - Limestone, 100%, very pale orange
to olive gray, fine-grained, biosparite,
solution cavities, moderately soft to
moderately hard, fossiliferous.
2055 - 2077 22

DOLOMITE AND LIMESTONE - Dolomite, 70%, dark
yellowish brown to dusky brown,
microcrystalline, hard, solution cavities,
pinhole wvugs; Limestone, 30%, very pale
orange, fine-grained, biosparite, moderately
soft, fosgiliferous.
2077 - 2078.5 1.5

LIMESTONE - Limestone, 100%, very pale orange
to olive gray, fine-grained, biosparite,
moderately soft, fossiliferous.
2078.5- 2142 63.5

DOLOMITE AND LIMESTONE (interbedded) -
Dolomite, 60%, dark yellowish brown, to olive
gray, very hard, solution cavities, vuggy;
Limestone, 40%, pinkish gray, fine-grained,
moderately soft, biomicrite; Trace, chert,
medium light gray.

2142 - 2160 18
DOLOMITE =~ Dolomite, 90%, pale brown to

brown, microcrystalline, solution cavities,

very hard; Limestone, 10%, very pale orange,

fine-grained, biosparite, soft, fossili-

ferous.

2160 - 2188 28

t

DOLOMITE AND  LIMESTONE (interbedded) -
Dolcmite, 70%, brown to pale brown and light
gray, microcrystalline, solution cavities,
very hard; Limestone, 30%, very pale orange,
fine-grained, moderately hard to soft.

2188 - 2205 17
DOLOMITE AND LIMESTONE - Dolomite, 90%, pale

brown to brown, microcrystalline, solution

cavities, pinhole vugs, moderate to very

hard; Limestone, 10%, very pale orange,

fine-grained, biosparite, moderately soft.

2205 - 2255 50
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LIMESTONE - Limestone, 100%, very pale orange
to gray, fine- to medium-grained, biosparite,
fossiliferous, moderately hard; Trace,
dolomite, pale brown to brown.
2255 - 2357 102

LIMESTONE - Limestone, 100%, very pale orange
to gray, fine- to medium-grained, biosparite,
fossiliferous, moderately hard; Trace,
gdolomite, pale brown to brown.
2357 - 2420 63

LIMESTONE AND SAND - Limestone, 80%, very
pale orange to gray, fine- to medium-grained,
biosparite, fossiliferous, moderately hard;
Sand, 20%, clear, quartz, fine-grained,
angular.
2420 - 2435 15

LIMESTONE - Limestone, 100%, very pale orange
to dark gray, fine- to medium-grained,
biosparite, fossiliferous, moderately hard;
Dolomite, trace, pale brown to brown.
2435 - 2660 225

DOLOMITE AND LIMESTONE - Dolomite, 80%, pale
brown to brown, vuggy, hard; Limestone, 20%,
very pale orange to orange, pink, fine- to
coarse-grained, biosparite, fossiliferous,

soft.
2660 - 2668 8
LIMESTONE AND DOLOMITE - Limestone, 90%, very
pale orange to gray, finme- to medium-grained,
biosparite, fossiliferous, moderately hard;
Dolomite, 10%, pale brown to brown, hard.
2668 - 2672 4

DOLOMITE AND LIMESTONE - Dolomite, 80%, light
brown to brown, fime-grained, solution
cavities, very hard; Limestone, 20%, very
pale orange to gray, fine- to medium grained,
biosparite, fossiliferous, moderately hard.
2672 - 2702 30
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LIMESTONE -~ Limestone, 60%, very pale orange
to white, medium-grained, biosparite,

fossiliferous, moderately hard; Limestone,
40%, odark gray, micrite, solution cavities,
hard; Dolomite, trace, light brown.
2702 - 2728 26

DOLOMITE AND LIMESTONE - Dolomite, 80%, light
brown to brown, fine-grained, solution
cavities, bard; Limestone, 20%, very pale
orange to white, fine- to medium-grained,
biosparite, fossiliferous, moderately hard.
2728 - 2730 2

LIMESTONE - Limestone, 100%, very pale orange
to white, medium-grained, fossiliferous,
solution cavities, moderately hard to hard;
Oolomite, trace, light brown, trace, micrite,
dark gray to grayish black.
2730 - 3087 357

OOLOMITE AND LIMESTONE - Dolomite, 75%, pale
yellowish brown to medium dark gray, dense,
hard, solution cavities, wvuggy; Limestone,
25%, white to very light gray, biosparite,
very fine-grained, soft.
3087 - 3100 13

DOLOMITE - Dolomite, 80%, grayish orange,
medium-  to coarse-grained, vuggy, drusy;
Dolomite, 20%, pale vyellowish brown to dark
yellowish brown, hard, dense.

3100 - 3105 5
DOLOMITE - Dolomite, 100%, pale vyellowish
brown, hard, dense; Trace, limestone, very
pale orange, fine-grained, sparite, well

cemented; Limestone, trace, light gray to
pinkish gray, microcrystalline, micrite.
3105 - 3115 10

DOLOMITE - Dolomite, 100%, pale yellowish
brown to dark gray, hard, dense,
microcrystalline.
3115 - 3120 5

DOLOMITE -~ Dolomite, 100%, pale vyellowish
brown, hard, dense, microcrystalline,
solution cavities.
3120 - 3125 5



Geraghty & Miller, Inc.

- 14 -

DOLOMITE - Dolomite, 100%, pale vyellowish
brown to VETY light gray, dense,
microcrystalline.

OOLOMITE -~ Dolomite, 50%, very pale orange,
fractured, microcrystalline, NON-poTouUS ;
Dolomite, 40%, moderate yellowish brown to
pale yellowish  brown, microcrystalline;
Dolomite, 10%, grayish orange to very pale
orange, drusy, vuggy, medium-grained,
granular.

DOLOMITE - Dolomite, 60%, light brown to
gray, dense, microcrystalline, hard,
fractured; Dolomite, 40%, light gray,
microcrystalline, non-porous, fractured.

DOLOMITE - Dolomite, 100%, pale yellowish
brown, hard, dense, fractured,
microcrystalline, pinhole vugs.

DOLOMITE - Dolomite, 100%, light olive gray
to pale yellowish brown, dense,
microcrystalline.

DOLOMITE - Dolomite, 90%, yellowish gray to

pale yellowish brown, dense,
microcrystalline; Dolomite, 10%, moderate
yellowish brown, drusy, medium- to
coarse-grained; Dolomite, trace, dusky

yellowish  brown to dark yellowish brown,
microcrystalline, dense, pinhole vugs.

DOLOMITE - Dolomite, 90%, light olive gray,
pale yellowish brown, and grayish black,
dense, microcrystalline, some solution cavity
crystal growth; Dolomite, 10%, moderate
yellowish brown, medium-grained, sub-rounded.

DOLOMITE - Dolomite, 100%, very light gray,
dense, microcrystalline; Dolomite, trace,
very pale orange, fine- to medium-grained,
sub-rounded.

3125

3133

3138

214]

3149

3157

3175

3180

3133

3138

314}

3149

3157

3175

3180

3183

18
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DOLOMITE - Dolomite, 100%, very pale orange,
dense, microcrystalline.
3183 - 3188 5

DOLOMITE -~ Dolomite, 90%, very light gray to
light gray, dense, microcrystalline, pinhole,
vugs; Dolomite, 10%, very pale orange, dense,
microcrystalline, pinhole, vugs.

3188 - 3194 6

DOLOMITE - Dolomite, 100%, pale yellowish
brown to light gray, microcrystalline; Trace,
white, fine-grained, rounded, good to poor
cementing; Trace, 1light brown to yellowish
brown, fractured; Trace, yellowish brown to
pale yellowish brown, drusy, fine- to
medium-grained, vuggy.

3194 - 3332 138

SANDY CLAY AND DOLOMITE - Clay, 60%, medium
bluish  gray, plastic, marcasite crystals;
Sand, 10%, clear to pale orange, fine- to
medium-grained, sub-angular to  rounded;
Dolomite, 30%, very pale orange to medium
light gray, dense, microcrystalline.

3332 - 3335 3
DOLOMITE - Dolomite, 100%, very pale orange
to medium light gray, dense,
microcrystalline, some solution cavities with
crystal growth; Clay, trace, light b5luish
gray, soft, marcasite crystals.
3335 - 3340 5

DOLOMITE AND CLAY - Dolomite, 90%, yellowish
gray to pale yellowish brown, dense,
microcrystalline; Clay, 10%, medium bluish
gray, plastic.
3340 - 3345 5

DOLOMITE - Dolomite, 100%, pale yellowish

gray, dense, microcrystalline, fractured;
Clay, trace, medium  bluish gray, soft,
plastic.

3345 - 3350 5
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DOLOMITE -~ Dolomite, 100%, pale yellowish
brown to VETy pale orange, dense,
microcrystalline, fractured; Clay, trace,
bluish gray, some iron-staimed surfaces.

DOLOMITE - Dolomite, 100%, pale yellowish
brown to dark yellowish brown, dark gray,
dense, microcrystalline, fractured; Trace,
light brown, drusy crystal growth in solution
cavities; Clay, trace, medium bluish gray to
medium dark gray, occasional pyrite or
marcasite crystals.

DOLOMITE AND CLAY - Dolomite, 90%, brownish
gray to grayish black, dense,
microcrystalline, fractured; Clay, 10%,
medium bluish gray to grayish black, plastic.

DOLOMITE - Dolomite, 100%, pale yellowish
brown to dusky brown, black, dense,
microcrystalline, well  fractured; Clay,
trace, medium bluish gray, plastic, marcasite
or pyrite crystals.

DOLOMITE - Dolomite, 100%, very pale orange
to grayish orange, sucrosic, pinhole.

DOLOMITE AND GYPSUM - Dolomite, 70%, very
pale orange to gray