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1.0 INTRODUCTION

JLA Geosciences, Inc. (JLA) was contracted by Mock Roos on behalf of the City of Lake
Worth to provide hydrogeologic consulting services associated with the construction of
water supply wells completed in the Upper Floridan Aquifer (UFA) to provide raw water
supply for the City of Lake Worth. The scope of services provided by JLA included:
providing field construction observation, logging, sampling, measurement and testing
services; interpreting the hydrogeologic, water quality and geophysical data; and
making recommendations as to the depths of boreholes, well casings, and completion
intervals. All Webb Enterprises, Inc. (AWE) of Palm Beach Gardens, Fl. was contracted
to construct the wells. All Webb complied with the standards of the American Water
Works Association for Deep Wells (AWWA A100-90), as referenced in the

specifications.

This report documents the water well construction and testing scope of work for the
completion of UFA production wells identified as F-2 and F-3 for the City of Lake Worth,
Florida. Well F-2 is located in Lake Worth west of 1-95 on Lake Osborne Drive between
Erie Street to the North and Griswold Drive to the South. Well F-3 is located in Lake
Worth on the eastern shore of Lake Osborne near the south west corner of the
intersection between Lake Osborne Drive and Lake Worth Road. The well site locations

are shown on Figure 1.

The project included construction and testing of UFA wells completed to total depths of
1484 and 1490 feet below land surface (BLS) for F-2 and F-3. Each well included 17 .4-
inch diameter Poly Vinyl Chloride (PVC) casing installed to depths of 1220 and 1207
feet below land surface (BLS) for F-2 and F-3, respectively. Well F-2 and F-3 were
constructed with open hole completion intervals to total depths of 1484 and 1490 feet
BLS, respectively. The UFA underlying the area proved to be sufficiently productive to
provide the per-well design flow rate of 1400 gallons per minute (gpm), and exceeded

the design expectations in terms of water quality and well capacity.
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Well construction for F-2 began On January 30™, 2006 and was completed on August
3", 2007. Construction for F-3 began on May 22%°, 2007 and was completed on July
27", 2007,

2.0 WELL CONSTRUCTION AND TESTING

JLA performed on-site hydrogeologic observation during rotary drilling of pilot holes,
geophysical logging, casing installations, casing grouting, reverse air driling of
completion intervals, pump development and pump testing. The well construction details
for both wells are provided in Table 1. As-built diagrams of the weils are provided as

Figures 2 and 3.
2.1 Construction of Floridan Aquifer Wells F-2 and F-3

By contract, AWE was responsible for all aspects of the production well construction

and performed all of the construction elements.

Initially for well F-2, a pilot hole was advanced from land surface using the mud rotary
method using a 12-inch diameter bit. Lithologic samples of the penetrated strata were
collected from the circulating mud and JLA geologists prepared a field lithologic log
based on the samples. Pilot hole drilling continued to 202 feet BLS in order to determine
a suitable depth for placement of the surface casing. Surface casing serves the purpose
of isolating any unstable sediments or zones of potential loss of circulation in the
surficial aquifer which may cause problems during drilling of the lower portion of the
well. Following drilling of the pilot hole, a 36-inch borehole was drilled to 200 feat BLS.

Due to the proximity of well F-3 1o F-2, lithologic data collected from well F-2 was used
to determine an approximate depth for the surface casing of F-3. A 36-inch borehole
was drilled using the mud rotary method to a depth of approximately 197 feet BLS in F-

3, where a suitable clay was encountered underlying the surficial aquifer.
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After the 36-inch hole was compieted in each well, drilling fluid was circulated to clear
the hole of cuttings in order to accommodate installation of the casing. The surface
casing string, which consisted of 30-inch diameter, 0.375-inch thick steel pipe with
factory-beveled, buft welded joints, was installed into the nominal 36-inch diameter
borehole to depths of 200 and 197 feet BLS, for F-2 and F-3, respectively. Centering
guides were welded to the outside of the casing at the base of the casing, 10-feet above
the casing base, and at subsequent 40-feet intervals. The guides position the casing in
the center of the borehole to help ensure a more uniform grout job. Upon completion of
the casing installation, the annuiar space was pressure grouted using APl Class B
Portiand cement. The initial grouting stage (from approximately 200 ft BLS to 100 ft
BLS) was performed using the through-casing, pressure grouting method. Neat cement
was used to grout the annulus in order to obtain maximum strength around the casing.
Foliowing the initial pressure grouting stage, the depth of grout was determined in the
annular space by using tubing (tremmie pipe) which was lowered until a hard top of
grout was measured. The subsequent grouting stage from 100 ft BLS to land surface
was performed by the “tremmie method” which consisted of pumping API Class B
Portland cement slurry containing 6% bentonite clay under pressure through the
tremmie pipe to fill the annular space between the casing and borehole. The cement

was allowed 24 hours to cure before drilling was resumed.

Following installation and cementing of the surface casing, drilling of the 12-inch
diameter pilot hole resumed using the mud rotary method. Pilot-hole drilling continued
until a suitable competent limestone was encountered at the top of the UFA. The pilot
hole was completed to a depth of 1236 feet BLS for well F-2 and 1240 feet BLS for well
F-3. After the pilot hole was completed, drilling fluid was circulated to clear the hole of
cuttings. Geophysical logging was then conducted. For well F-2, geophysical logging
was conducted by MV Geophysical Serves, Inc. (MVGS) of Fort Myers, Florida. Logging
for well F-3 was conducted by AWE. Logging for both wells included spontaneous
potential (SP), resistivity, dual induction, and caliper. Based on the analysis of the
lithologic samples (drill cuttings) from the pilot hole and the geophysical logging resuits,
JLA recommended a depth for setting the 17.4 inch casing of 1220 feet BLS for F-2 and
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1207 feet BLS for well F-3. The primary objective in selecting this casing depth was to
enable the well, when completed, to efficiently produce the specified quantity of water at
the design withdrawal rate while meeting necessary water quality standards as well. in
addition to meeting this goal, it was necessary for the selected interval to be composed
of a competent limestone formation to minimize borehole erosion and the subsequent
contribution of sand and suspended solids. The interval selected as most desirable for
open completion of the well was a limestone and dolomite flow zone sequence located

within the Ocala and Avon Park Formations.

Following determination of the final casing setting depth, the pilot hole was reamed to
28-inches in diameter, below the recommended casing setting depth to facilitate
installation of the 17.4-inch diameter final casing. Upon reaching total depth, drilling fluid
circulation continued until the mud was clear of cuttings in order to facilitate casing

installation.

The final casing string consisted of 17.4-inch diameter CertainTeed, Certa-Loc, SDR-17
lock coupling PVC casing. The casing type was chosen because of its ability to resist
corrosion in the hydrogen sulfide-rich brackish water environment of the UFA. The
casing string for each well consisted of 20-feet sections of 17.4-inch PVC casing held
together using CentainTeed, Certa-Loc couplings and spline. The casing was set at
depths of 1220 feet BLS in F-2 and 1207 feet BLS in F-3.

Cementing the PVC casing into place in each well was conducted in stages to minimize
grouting stress caused by the heat of hydration and potential differential pressures. The
annular space was pressure grouted using APl Class B Portland cement. The initial two
stages consisted of neat cement in order to obtain maximum strength around the base
of the casing, and the remaining stages consisted of a grout mixture of 6% bentonite.
The addition of bentonite serves to reduce the heat of hydration during the cooling
process. The initial grouting stage was accomplished using the through casing pressure
grout method. The remaining cement lifts were pumped into the casing annulus using

the tremmie method as described for the surface casing string grouting. After each lift of
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cement had hardened, the cement fill depth was measured. Grouting continued until
the annular space was completely filled to surface. Following cementing, the well was

given 24-hour cement curing period before drilling operations resumed.

Following completion of cementing, drilling resumed below the 17.4 inch casing using a
nominal 14-inch diameter reaming bit assembly. The reverse air driling method was
used for the open hole sections of each well. Reverse air drilling is accomplished by
installing a compressed air airline down the center of the driil string to a point just above
the bit. The compressed air forces water and drill cuttings from the borehole to rise up the
drill pipe to the surface. Reverse air is the preferred method for driliing in the Floridan
aquifer production zones, because it allows for flow testing of the interval with depth, and it
eliminates the need for the introduction of heavy drilling fluids into the production zones
which can plug the formation and necessitate excessive development. To accomplish
drilling of the open hole section, the cement plug at the base of the casing was drilled out.
Drilling continued down through the limestone of the UFA to the total depth of the wells
(1484 feet BLS for F-2, and 1490 feet BLS for F-3). A JLA geologist was on site during
drilling of the open hole intervals to collect lithologic and water quality samples, perform
flow tests and perform field water quality analyses. The water guality sampling and
drilling flow testing programs are described in Sections 2.2 and 2.3. Upon reaching the
total depth of the well, the driller cleared the borehole of drili cuttings and performed

geophysical logging as described in Section 2.7.

2.2 Drilling Water Quality Testing

During reverse air drilling in the Floridan aquifer, specific conductance, temperature,

pH and chloride concentration of the formation water were measured at regular intervals
in order to evaluate variability in water quality in the intended production zone with
depth. At approximately every 10-feet during drilling, specific conductance and
temperature of the formation water was recorded. Additionally, after every 10-feet or
significant change in specific conductance, a water sample was collected for chloride

analysis. At every drill rod change, additional water quality analyses were conducted on
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the water from the artesian well head flow. Water quality analyses of well head flow
included specific conductance, temperature, pH, chloride, hydrogen sulfide and total
iron. Chloride analysis was performed using a Hach titrator and silver nitrate titrant.
Water quality of the UFA was also evaluated through laboratory analyses of samples
collected during reverse air drilling. A summary of the field and laboratory water quality
measurements performed during drilling of F-2 and F-3 is provided in Table 4. The

complete laboratory reports can be found in Appendix D.

2.3 Drilling Flow Testing

During reverse air drilling through the UFA, flow tests were performed to evaluate the
specific capacity of the penetrated open interval. The tests were performed after every
drili rod change (approximately every 30 feet). To perform the test, a construction
header was fitted to the flanged 30-inch diameter surface casing and sealed to the
drilling tools with a rubber stripping header. The construction well head effectively
sealed the well so that drilling could be done under artesian conditions. The
construction header was equipped with a valved, 8-inch diameter flow port, a 2-inch port
for adding brine "kill" water to stop the well from flowing, and a 3/4-inch manometer
fitting. A manometer tube was fitted to the construction header to measure the
potentiometric (static) water level, which reached approximately 30 feet above land
surface (ALS).

The flow rate was measured using an orifice weir and an in-line flow meter instailed in
the 12-inch diameter discharge pipe which discharged directly into a solids settling tank
adjacent to each well. Water levels in the well were measured during the flow test and
compared to static, no-flow conditions measured at the beginning of each day and after
each test. Measurement of flow rate (Q) and drawdown in the well (dh), allowed for the
specific capacity (Cs) of the well to be approximated using the formula Cs = Q/dh
(Freeze and Cherry, 1979). Tables 2 and 3 provides a summary of the water quality
data and calculated values for specific capacity from flow tests conducted during

reverse air drilling of each well.
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2.4 Borehole Jetting Development

Both wells were developed with borehole jetting and by using a vertical turbine test
pump equipped with an 8-inch diameter pump and 10-inch diameter column pipe.
During development, formation water from the well was initially discharged to the
formation fluids settling pond at the Lake Worth Water Treatment Plant. Turbid
formation water was allowed to settle in the pond prior to being discharged into the
Intracoastal Waterway. Discharge from the settling pond was monitored at regular
intervals to ensure the discharged water met all applicable water quality standards for

the Florida Department of Environmental Protection.

The borehole jetting phase of development was designed to deliver high velocities
directly in the borehole with the use of the drill rig and a rotating jetting tool. Following
completion of the well and before acid treatment, a jetting tool consisting of four
opposing jets spaced 90 degrees apart and one additional jet facing directly downward,
was installed into the well open-hole interval. Using the mud system pumps and drilling
tools, approximately 500 to 600 gpm of water was delivered through the five jet
development tool, imparting an exit velocity of approximately 20 feet per second. During
jetting, the well was pumped to the formation water disposal system to remove jet-
dislodged sediment from the well bore. This process was continued as the jetting tool
was slowly rotated and passed up and down the borehole. This development process

involved 40 hours of jetting per well.

2.5 Well Acidization

Based on preliminary testing results following well construction, the initial specific
capacity for F-2 was 71 gpm/ft at the flow rate of 1,450 gpm, and the initial specific
capacity of F-3 was 53 gpm/ft at 1,050 gpm. Both specific capacities were slightly less
than the targeted specific capacity of 80 gpm/ft at design flow. Not knowing what the
actual drawdown impacts would be from the wellfield, this conservative estimate was
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based on previous experience and was a preliminary estimate of the capacity needed to
keep pumping water levels above land surface. It was for this reason that the well
design included acid treatment. Additionally, higher capacity wells may reduce the need
for future rehabilitation and/or the number of future weils that will ultimately be needed.

F-3 was acidized on July 12" and 13", 2007, and F-2 was acidized on September 26"
and 27", 2007. The acidization procedure consisted of installing approximately 1,300
feet of drop tubing into the well, and pumping a total of 7,000 gallons of 32%, (20°
Baume) hydrochloric acid into the open interval, followed by enough water to displace
the tubing in two stages. The well stayed closed in and undisturbed for 18 to 24 hours
between each acidization stage. During pumping, the wellhead was sealed and fitted
with a pressure gauge to monitor internal casing pressure. A relief valve and gas
discharge hose was installed on the wellhead to vent off excess pressure in the well if
needed. Venting was not necessary during acidization of each well. After completing
the acidization procedure, the well remained undisturbed for approximately 24 hours

until development of the well was resumed.

Following acid treatment and development, the specific capacity of well F-2 was
determined to have increased to 169.3 gpm/it at 1,400 gpm, and F-3 was determined to
have increased to 183.1 gpm/ft at 1000 gpm. This represented an approximate
improvement of 138 percent and 245 percent in wells F-2 and F-3 due to the acid

treatment.
2.6 Pump Development

The pump development protocol called for steady pumping at the maximum rate of
3000 gpm, until the discharge water was visibly free of solids and turbidity. Following
the steady flow period, the well was pumped intermittently with surge and rest periods.
Development progress was measured by performing Rossum sand testing and silt
density index (SDI) testing of the raw water. Additionally, the specific capacity of the

well was measured periodically during development to evaluate progress by
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improvement in well performance. Development was considered complete when the
Rossum sand testing results were consistently at or below 1 part per million (ppm) and
SDI testing resuits were less than 1.0 at design flow rates of 1400 gpm for wells F-2 and
F-3.

2.7 Pumping Tests

2.7.1 Constant Rate Drawdown Testing

Following well development, but prior to acidization a constant rate drawdown test was
performed at well F-2 using the development pump and discharge setup as described
previously. The test was completed to assess well yield and anticipated drawdown, and
to aid in final well pump selection. The constant rate drawdown test results were also

used to measure specific capacity for the well.

Well F-2 was pumped at 1450 gpm for 5 hours. The design pumping rate for the well is
1400 gpm. The flow rate for the test was measured with the use of an in-line flow meter
that was calibrated just prior to the start of the project. Prior to starting the test, the static
water level was measured with the use of an elevated manometer tube. During the
test, water levels were measured in the well with an electronic water level data logger at
0.5 minute intervals. Additionally, field water quality samples were collected at five time
intervals to measure hydrogen sulfide, pH, turbidity, SDI, and specific conductance.

Results of the constant rate drawdown test are provided in Table 4.

2.7.2 Step Drawdown Testing

Following acidization and well development, a step drawdown test was performed at
well PW-3 using the same development pump and discharge setup as for the constant
rate test. The step test was completed to assess well yield and anticipated drawdown,
and to aid in final pump selection. The step drawdown test results were also used to
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measure specific capacity values for the well at increasing pumping rates. Results of

the Step Drawdown tests are provided in Table 5.

The flow rate during the test was measured with the use of an in-line flow meter that
was calibrated just prior to the start of the project. Prior to starting the test, the static

water level was measured with the use of an elevated manometer tube.

Five 120-minute duration steps were pumped at 1,000 gpm, 1,500 gpm, 2,000 gpm,
2,500 gpm and 3,000 gpm, which bracketed the design pumping rate for the well of
1,400 gpm. Water levels were measured in the well with an electronic water level data
logger at 0.5 minute intervals, and manually at intervals of 1 to 15 minutes for each
pumping rate. Field water quality samples were collected at the end of each step to
measure hydrogen sulfide, iron, pH, temperature, turbidity, silt density index (SDI), sand

content, specific conductance and chloride.
2.7.3 Upper Floridan Aquifer Performance Test

An aquifer performance test (APT) was conducted between October 30" and November
5" 2007 to evaluate pumping well influence on adjacent production wells, and to
estimate appropriate aquifer coefficients for the UFA in the vicinity of the wellfield. The
APT involved constant-rate pumping at production well F-2, with continuous monitoring
of water levels in production wells F-1 and F-3. Locations of the pumping and
observation wells are presented in Figure 1. Drawdown data were collected during the

72-hour pumping phase of the test, as well as a 24-hour recovery phase.
2.7.3 .1 APT Approach and Measurements

The test consisted of 72 hours continuous pumping of F-2 at 1,400 gallons per minute
{gpm), which corresponds to the design flow rate for each of the production wells.
Discharge rates were monitored from an inline flow meter. Discharge water from the

APT was directed via the newly constructed raw water main piping and temporary
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HDPE formation fluid disposal line to the existing formation fluids settling pond. From
the pond the discharge water was pumped to the outfall location at Bryant Park, in the
City of Lake Worth.

To monitor background fluctuations and measure drawdown, wells F-1, F-2, and F-3
were ouffitted with electronic data loggers. These data loggers were instailed 48 hours
prior to the APT, to record background water levels, and to evaluate non-pumping
conditions. A composite hydrograph of water levels recorded during the APT for wells
F-1, F-2, and F-3 is presented as Figure 5. Figures 6 and 7 present drawdown-versus-
time for F-1 and F-3 respectively. Additional charts presenting drawdown, and

interpretation of the data to derive hydraulic coefficients, are provided in Appendix E.

Figure 6 indicates that at approximately 400 minutes into the pumping portion of the
test, drawdown in the UFA observation well F-1 approached nearly constant vaiues of
1.3-feet. Leveling-off of the drawdown is interpreted to reflect leakage of groundwater
from the overlying/underlying portions of the UFA. At roughly the same time in well F-3,
drawdown approached 1.5-feet; however, drawdown in F-3 continued to gradually but
steadily increase by approximately 0.5-feet over the remainder of the pumping phase of

the APT (approximately 0.22-feet per day).

Figure 5 shows a steady, gradual reduction in water levels in F-3 both before and after
the pumping phase of the APT, which appears similar in magnitude to the increasing
drawdown frend observed in F-3 during the latter stages of the test. A similar trend is
not evident for pre- and post-pumping measurements made at F-1 and F-2. The F-3
pre-pumping background data exhibits a reduction in static water levels of
approximately 0.42-feet per day, while in the post pumping recovery data static water
levels never return to pre pumping conditions, and gradually decline at approximately
0.15-feet per day. In the recovery phase of the APT, the maximum water level in F-3
was 25.88-feet ALS, 0.77 feet lower than the pre-pumping static water level of 26.65-
feet ALS. Water levels peaked in the recovery phase approximately 300 minutes after

pumping ceased, after which the water levels gradually declined to a minimum of 25.32-
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feet ALS.

The gradual reduction in water levels noted in the non-pumping phases of the APT was
also seen during the pumping phase of the APT in well F-3. After approximately 400-
minutes of elapsed time during the pumping phase of well F-3, drawdown had stabilized
at approximately 1.5-feet, and then gradually increased to approximately 2.0-feet by the
end of pumping. The drawdown curve for well F-3 appears to represent a slightly
different response to pumping than was recorded in F-1 and F-2, which could indicate
anisotropy in the UFA at Lake Worth. However, when referenced to the background
data taken before and after the pumping phase, most likely represents the gradual

depression of water level trend exhibited during the non-pumping phases of the APT.

To remove the gradual water level depression trend from the F-3 pumping data, JLA fit
a linear bhest fit line to the pre and post pumping portions of the water level data. From
the slope of the linear best fit line a change in water level over time equal to 0.21
feet/day was calculated. This change in water level over time was subtracted from the
drawdown data for well F-3 to generate a corrected drawdown curve. The corrected
drawdown curve can be seen in Figure 7. By removing the trend seen in the pre and
post pumping phases of the APT, a drawdown curve that closely represents the data
collected from wells F-1 and F-2 results. The corrected drawdown curve was used to

calculate aquifer properties for well F-3.

The exact cause(s) of the decreasing trend observed in pre- and post-pumping
measurements from F-3 is unknown. It is possible that the trend may reflect influence
from residual salt or salt kill water located: in the open borehole; the well casing;
between the 17.4-inch PVC well casing and the 24-inch steel wellhead casing; or some
combination of the three. If residual saline-rich water was agitated as a result of
pumping well F-2 during the post acidization/pre-APT development of well F-2 between
October 22" and October 26™, 2007 and/or the APT, it could have an effect on water
level measurements recorded by the data logger installed on well F-3, it is
recommended that prior to putting well F-3 online it should be pumped to an outfall
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location so conductivity, total dissolved solids, and chloride can be monitored to asses if

residual salt kill water is in the open borehole or well casing.

Between 400 minutes and 4,320 minutes into the test, cyclical variation in drawdown
indicative of tidal influence was apparent. Amplitude of these tidal fluctuations was
roughly 10% (0.3-feet) of the tidal range predicted for the Atlantic Ocean at Lake Worth
Pier, which included a maximum range of approximately 2.8-feet during the test. Later
portions of the pumping and recovery phases exhibited similar tidal fluctuations. The
amount of tidal influence (0.3-feet) was minor (14% to 19%) compared to the total
amount of drawdown measured in the two UFA observation wells (1.46-feet in (F-1) and
2.02-feet in (F-3). Tidal influence is apparent only when observing water-level

measurements over time scales on the order of hours, as illustrated in Figure 5.
2.7.3.2 Determination of Aquifer Properties

Calculation of aquifer properties was performed using standard methodologies. This
included the Hantush-dacob (1955) and Hantush (1960) methods for leaky confined
aquifers, and the Cooper-Jacob (1946) method for confined aquifers. Analyses were
performed via manual graphical approaches as well as with the Aqtesolve® computer

program.
Properties determined by the aquifer testing are defined as follows:

Transmissivity (T) — The measure of the rate at which water may be transmitted
through a unit width of the saturated thickness of the aquifer under a unit hydraulic

gradient;

Storativity or storage coefficient (8) — The volume of water that can be withdrawn or
injected into an aquifer per unit surface area per unit change in head. S of a confined

aquifer is typically small (0.001 or less); and
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Leakance — A quantitative estimate of water that passes through semi-confining beds
(in the case of the UFA, limestone beds) above and below the well completion interval.
The entire UFA is for practical purposes isolated or confined from the overlying Surficial
Aquifer by several hundred-feet of clay-rich deposits. However, the many layers of
limestone beds occurring above and below the producing intervals in which the
production wells are completed also transmit water horizontally and vertically. The
movement of water across these beds is typically referred to as leakage, which is

accounted for by the leakance aquifer parameter.
Transmissivity

Transmissivity was first calculated manually from the APT data using the Hantush-
Jacob Type Curve Method for leaky confined aquifers. The method involves matching
field data plotted on a log-log graph with a family of "type curves” plotted from the
Hantush equation. After superimposing field data over the appropriate type curve and
the two curves are satisfactorily matched, an arbitrary match point is selected. From the
match point, values for time (t) and drawdown (s) are obtained for substitution into the

appropriate equations to obtain aquifer properties. Transmissivity is solved as follows:

114,600 (u,r/ B)
s

T

Where: T = transmissivity (gpd/ft)
Q = discharge rate {gpm)
W (u, t/B) = well function of Hantush = 1

s = drawdown (ft)
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F-1  Transmissivity Analysis

_ 114.6(1400)(1)
e TR — 620,840 gpd / S
0.26 gpd/ fi

F-3  Transmissivity Analysis

_ 114.6(1400)(1)
SR 669,385gpd | fi
0.24 gpd! f

Storativity

From the above results, storativity was then calculated as follows:

= *
1.87 /r?

Where: S = storativity
r = distance from pumping well {ft)
t = time (days}
u, /B = well function from Hantush-Jacob curve

F-1  Storativity Analysis

_ 620,840+1
«.0007 _ 5
e / g70? = 1:2x10

F-3  Storativity Analysis

_669,385%1 4011 _ »
= %8102—1.2x10
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Leakance

From the above results, leakance was calculated as follows:

Where: K'/b’ = leakance in gpd/ft®
r = distance from pumping well (ft)

T = transmissivity (gpd/ft)

L Al
[

F-1  Leakance Analysis

2
K/’: 620,840(0.09) _ 0.0014 gpd/ fi
(1,8’?0)2

F-3 Leakance Analysis

2
k' 669,385(0.085) - 0.0015 3

)= ={. gpd | ft
/b (1,810)

Additional estimates of these aquifer coefficients were derived using the Agtesolve®
program, as well as manual evaluation of the recovery data. A summary of the

calculated aquifer properties is provided in Table 7.
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2.7.4 Aquifer Properties Summary

Drawdown data from observation welis are considered optimal for estimating aquifer
properties of transmissivity and storage, while recovery data are typically utilized in the
absence of suitable drawdown data, or for single-well APTs. The drawdown data from
F-1 and F-3 appear to be of high quality, and therefore have been applied as the

preferred data available for calculating aguifer properties.

Results presented in Table 7 indicate that different values for aquifer coefficients are
calculated depending on the methods used in the analyses. These differences likely
reflect contrasting assumptions involved with each technique, as well as subtleties
inherent in the interpretation of matches between observed and computed data. For
example, the Cooper-Jacob methodology assumes a confined aquifer with no leakage;
the Hantush method assumes an aquifer with ieakage derived from storage within the
confining beds, and the Hantush-Jacob method assumes an aquifer with leakage

derived from flow within or across confining beds, but not from confining-bed storage.

Results presented in Table 7 indicate that aquifer transmissivity values determined by
the Hantush-Jacob and Hantush methodologies are slightly lower than those estimated
using alternative approaches. A prime reason for the slightly lower T values for these

approaches is that they account for leakage, whereas the other approaches do not.

Closest agreement between observed data and theoretical type curves is indicated for
the Hantush-Jacob solution, which applies to leaky confined aquifers. Consequently,
aquifer parameters derived from this approach appear representative of hydraulic
properties that may be used for various applications such as groundwater flow

modeling.

Averaged values of aquifer properties determined by the Hantush-Jacob method,

presented in Table 7, are summarized as follows:
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From the APT:

Aquifer Parameter APT Resuits

Transmissivity 645,113 gpd/ft
Storativity 20x10~*
L eakance 1.45 x 10 “gpd/t®

The transmissivity results are consistent with the relatively high specific capacities
measured in the new production wells. The transmissivity and storativity values also fall
within the range of values reported in the literature for the UFA. The leakance values
derived from the APT also appear to be within the range expected for a well completed
within a portion of the UFA.

2.8 Geophysical Logging

Geophysical logs were performed in the pilot hole and/or reamed hole at different
stages of well construction. The logs were used to aid in the decision-making and data
gathering process to determine hole dimensions, casing setting depths, geologic
formation characteristics, water quality, flow zone and aquifer characteristics. After
completion of pilot hole drilling into the top of the UFA, a suite of geophysical logs was
performed. This suite of logs run by AWE in each well included: dual induction and fluid
resistivity, SP; and natural gamma ray. A caliper log was performed after the pilot hole
had been reamed, prior to final PVC casing installation. The last suite of geophysical
logs was conducted after completion of drilling the open interval, and included dual
induction and fluid resistivity; spontaneous potential, natural gamma, temperature,
caliper and flow. All of the geophysical logging was performed by AWE, with the
exception of the pilot hole logs for F-2 which were performed by MVGS. A JLA

hydrogeologist was on site to observe all logging activities. Electronic copies of the
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geophysical logs for each well are inciuded in Appendix B. The fluid flow logs revealed
the presence of several significant flow zones in each of the wells extending downward
from approximateiy 1290-feet to 1424-feet BLS in well F-2, and from 1286-feet to 1410-
feet BLS in well F-3. The geophysical logs were performed under flowing and non-

flowing conditions.
2.9 Video Logging

Following the completion of the well, AWE performed down-hole video logging for F-2
July 26™ 2006 and for F-3 on July 27" 2007. The videos were performed under
flowing conditions. Evidence of cement grout was generally limited to the area at and
just below the base of the 17.4-inch casing which was at a depth of 1,220 feet BLS for
well F-2 and 1,207 feet BLS for well F-3. The casings in each well appeared to be in
good condition as evidenced by the final video log for the well. Several areas of
solution cavities and vertical fractures were visible in the flow zone intervals of the test

well,
3.0 HYDROGEOLOGY

Palm Beach County is underlain by two aquifer systems; the surficial aquifer and the
Floridan aquifer system. The drilling phase of the project penetrated these two aquifer
systems to a depth of 1,490 feet. A JLA Geosciences geologist was present during key
phases of the drilling to collect and log the lithologic samples as the formation materials
were encountered. Lithologic logs of each well are provided in Appendix A. A
hydrostratigraphic section showing the site lithologies, aquifers and formation names

encountered during drilling is provided as Figure 4.
3.1 Surficial Aquifer System

The surficial aquifer is the only fresh groundwater resource in southeast Florida and has

a maximum thickness of approximately 150 feet in the area of wells F-2 and F-3.



JLA Geosciences, Inc.

Descending from land surface, the surficial aquifer system formations include the
Pamlico Sand, Anastasia, Fort Thompson, and Tamiami (Reese, 2004).

The veneer of sand covering most of south Florida, known as the Pamlico Sand, is
present beneath the site, consisting of fine to medium grained loose guartz sand grains,
loose detrital clay and shell. Sand extends to a depth of 30 to 40 feet beneath the site
where it becomes interbedded with sandstone and shell. Because the Pamlico does not
have a distinct lower contact, the exact depth is not known. The Anastasia Formation
underlies the Pamlico and is commonly composed of coquina and mixtures of sand,
shell, sandy limestone and sandstone. Lithology of the Anastasia Formation varies
greatly within Palm Beach County (Lichtler, 1960); however, vertical changes in
lithotogy tend to follow a downward progression from unconsolidated sand and shell to
calcareous sandstone and limestone. Sandstone and limestone units in the Anastasia
and possibly of the similar aged Fort Thompson Formation make up the producing zone

of the surficial aquifer.

Regionally the units that underlie the Anastasia and the Fort Thompson are the
Caloosahatchee Mar!| (Pleistocene and Pliocene), Tamiami Formation (Pliocene age)
and/or the Formations of the Hawthorn Group (Miocene age). Specific depths and even
presence of these units are unclear in the available literature. The associated lithologies
consist of sand, shell, and limestone. With depth, these units undergo a downward
fining trend and ultimately become the underlying confinement of the surficial aquifer
system. The basal confining unit of the surficial aquifer occurs at approximately 150 feet
beneath the site. From this depth, sandy, silty clay and interbedded sand, shell and

limestone predominate.
3.2 Intermediate Confining Unit
The intermediate confining unit consists of the relatively impermeable calcareous clays

and siits of the Hawthorn Group. The Mioccene aged Hawthorn sediments consist of

silty, sandy, dense, green clay, interbedded with depth with sand, shell, lime mud and
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limestone. The thickness of the intermediate confining unit is approximately 425 feet
beneath the site. The predominantly clayey upper section of the unit is known as the
Peace River Formation. The lime muds, shell and limestone that underlie the Peace

River comprise the Arcadia Formation.

3.3 Floridan Aquifer System

The Floridan Aquifer System (FAS), a confined aquifer, underlies the intermediate
confining unit. The brackish upper portion, having total dissolved solids concentrations
less than 10,000 mg/l, is called the UFA. The UFA is predominantly composed of
interbedded limestone and dolomite of Late Miocene to middle Eocene age,
represented by four primary rock units. From approximately 575 feet BLS at the site, in
descending order, these units are: Arcadia Formation of the Basal Hawthorne Unit
(Miocene); the Suwannee Limestone (Oligocene age); the Ocala Group {(Eocene age);

and the Avon Park Limestone (Eocene age).

The maximum depth penetrated during drilling was 1484 feet at F-2 and 1490 feet at F-
3. The lithology approaching the terminus of each well consisted of interbedded,

microcrystalline limestone and dolomite.

The producing zones within the Floridan aquifer can generally be referred to as "flow
zones". A flow zone is typically a thin sequence of highly solutioned rock where water,
flowing within the aquifer, is concentrated. Numerous thin flow zones may contribute
water to the open interval of a well and often times a high percentage of the water

produced by the well comes from one or two thin flow zones.

Based on the lithologic logs, geophysical logs and wellhead flow data, the most
productive flow zones occurred between approximately 1,290 feet and 1,424 feet BLS in
well F-2, and from 1,286 feet to 1,410 feet BLS in well F-3. Because the flow zones are
typically separated from each other by continuous sequences of low permeability strata,

water quality may vary significantly with depth. In some areas, water quality improves
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with depth, as was found in similar wells drilled for the Town of Jupiter, Martin County,
and South Martin County Regional Utilities. Historically, geologists believed that water
quality in the FAS was best in its uppermost reaches and it is a relatively new

observation that water quality can actually improve with depth.

3.4 Floridan Aquifer Head Pressures

Prior to performing step drawdown testing and constant rate drawdown testing, static
water levels were measured in each well. Water levels were physically measured using
a manometer tube that was connected to the construction wellhead assembly and
elevated vertically by fastening the tube to the rig derrick. At the beginning of each
working day the static (non-pumping) water level was measured relative to land surface
and recorded as feet above the measuring point. Additionally, each of the welis was
fitted with a pressure transducer and data logger to measure and record water levels
before, during and after the APT step drawdown and constant rate pump tests for each

well.
Completed Wellhead Pad Static Water Level Elevation
Well .
Elevation (Feet NGVD) (Feet NGVD) / Date
F-1 +26.0 + 45.3 / Oct. 30, 2007
F-2 + 15.98 + 456/ Qct. 30, 2007
F-3 + 15.70* + 43,6/ Oct. 30, 2007

*- elevation of 30-inch temporary construction header,

The 0.3-feet difference in water levels between well F-1 and F-2 is attributable to tidally
influenced water level fluctuation in the aquifer visible during the APT. The
approximately 2-feet difference in static water levels between well F-3 and wells F-1 and
F-2 is attributed to the general downward trend of 0.42-feet per day observed in the
water level measurement recorded during background monitoring. To evaluate
seasonal water level fluctuations, longer term water level monitoring (at least one year

duration) would be required. The amount of tidal fluctuation during the APT was about
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0.3-feet.

4.0 FLORIDAN AQUIFER WATER QUALITY

There were two key elements of the water quality sampling program implemented
during construction of the UFA wells. The first element included the field measured
parameters taken from water samples coliected during drilling of the expected
completion interval. The drilling water quality program is described in detail in Section
2.3, Drilling Water Quality Testing. The first element enabled the JLA project team to
monitor water quality almost continuously and in real time so that the completion depth

of the well would be based on water quality concerns as well as capacity.

The second element identified in the water sampling program included a comprehensive
set of water quality analyses including primary and secondary drinking water
components performed by a certified analytical laboratory, in addition to the field
parameters of the first element. Collection of water samples was the responsibility of
AWE. This included analysis of all of the parameters of the prior element. The
subcontracted laboratory used for F-2 was Florida Environmental and for F-3 was
Jupiter Environmental Laboratories. Copies of the certified analytical laboratory reports
are provided in Appendix D.

Field water quality measurements are summarized in Tables 2 and 3. Additional field
water quality measurements including hydrogen sulfide (H,S), iron, pH, temperature,
turbidity, SDI, sand content, specific conductance and chloride were performed by JLA
during aquifer testing on each well. The drawdown and water quality data are
summarized in Tables 4 and 5. Laboratory data for each well is summarized in Table 6.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
The following conclusions are made based on results of the driling and testing

conducted during wellfield construction.

1. UFA production wells F-2 and F-3 were constructed for the City of Lake Worth
between January 2006 and July 2007.
The well completion depths are summarized as follows:
- F-2,17.4" PVC casing to 1210-feet, open hole to 1484-feet
- F-3,17.4" PVC casing to 1207-feet, open hole to 1490-feet

2. The post acidization specific capacities of well F-2 and F-3, at the designated
pumping rates are:
- F-2, at 1400 gpm, specific capacity is 206 gpm/ft.
- F-3, at 1500 gpm, specific capacity is 150 gpm/ft.

3. The chloride concentration in the groundwater sample collected from each well
after the respective pump testing was approximately 1930 mg/! for F-2 and 1875
mg/l for F-3.

4. Total hydrogen sulfide concentration in the water from each of the wells was
consistently between 2.0 ppm and 3.0 ppm. The laboratory reported lower
concentrations of H;S however because the parameter is highly volatile, the field

method is considered to be more reliable.

5. Rossum Sand test results for each well were at or below a value of 1.0 ppm
when pumped at the design flow rate of 1,400 gpm. Temporary higher

concentrations of sand may occur upon startup of the well.
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6. During the constant rate pumping test, the static head measured in well F-2 was
+31.8-feet ALS. During the step drawdown pumping test, the static head
measured in well F-3 was +31.2-feet ALS. These measurements were
determined by both physical measurement and with the use of a pressure
transducer and data logger.

7. Tidal fluctuations in the Floridan aquifer were approximately 0.3-feet during the
APT.

8. During the APT, static head measurements prior to pumping were:

Well Static WL (Feet NGVD)
F-1 +453
F-2 + 456
F-3 +4386

9. The averaged aquifer properties that were determined in the analysis of the

aquifer performance test are summarized as follows:

Aquifer Parameter APT Results
Transmissivity 645,113 gpd/ft
Storativity 20x107*
Leakance 7.0 x 10 “*gpdst3

10. Well F-3 water level measurements exhibited a downward trend over a seven
day period encompassing the APT and background measurements. Static water
levels dropped by approximately 2.5-feet during this time. The exact cause(s)are

unknown, but may reflect an effect from saline residue from the salt kill.
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11.Acid treatment was highly effective in wells F-2 and F-3 with approximately 140

and 250 percent improvement in capacity respectively.

12. The majority of the flow entering the wells is produced from flow zones in a 130-
feet thick sequence of dolomite and limestone beds in the Avon Park Limestone.
Based on the flow logs and video logs, the most productive flow zones were

encountered at an upper depth of 1286-feet in both wells.

13. Hydrogeologic formation thickness and aquifer properties determined from onsite
data collection varied from the values used in the SFWMD, Water Use Permit
(WUP) #50-000234-W for the City of Lake Worth:

- Both transmissivity (T} and storativity (s) in the Floridan aquifer are an
order of magnitude greater in the WUP than calculated from the APT
data.

- The Floridan aquifer and overlying confining bed thicknesses
determined from drilling and geophysical logs are approximately half
that used in the WUP.

- The confining bed vertical hydraulic conductivity (K,) calculated from
the APT observations is 3.5 times greater than the WUP K,.

- Updated aquifer properties obtained from drilling data and the APT
inputted into a transient 90 day analytical model predicted a 1-feet

drawdown contour with a radius of approximately 5-miles.
5.1 Recommendations
1. Plant operators should implement a program of continued water level monitoring.
Monitoring should include monthly measurements of both static and pumping

water levels in both production wells.

2. Monthly monitoring should incorporate basic field water quality parameters,

including chloride, specific conductance, sand content, SDI, and temperature in
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both production wells. Plant operators should also conduct more detailed
laboratory analysis of water quality on an annual basis. This would include the

suite of water quality analysis performed at the end of each specific capacity test.

3. Well operations should include the implementation of a well rotation system,

ensuring that both wells are utilized equally during plant operations.

4. Prior to bringing well F-3 on line, well operators should monitor water quality
parameters of total dissoilved solids, specific conductance and chlorides to
determine if there is any residual salt kill water in the well casing or borehole.
Highly saline water may exceed the capacity of the new RO Piant and should be

discharged to an outfall location.

5. Wells F-2 and F-3 should be rehabilitated with acid treatments if the specific
capacity of the wells drops below 40% of the values reports in this report.
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Figure 5

Water Level Chart From Lake Worth APT
Floridan Aquifer Wells F-1, F-2, and F-3
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Drawdown vs Time, Lake Worth APT
Floridan Aquifer Well, F-1
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Figure 7

Drawdown vs. Time, Lake Worth APT
Floridan Aquifer Well, F-3
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TABLES



TABLE 1
CITY OF LAKE WORTH UTILITIES
FLORIDAN AQUIFER PRODUCTION WELLS F-2 & F-3

WELL CONSTRUCTION DETAILS

CASING DETAILS
OPEN HOLE
WELL TOTAL OUTER CASING INNER CASING PRODUCTION ZONE
NUMBER DEPTH {Surface Casing) (Final Casing)
(ft. bis)
DIA. DEPTH DIA. DEPTH DIA. INTERVAL.
TYPE (in.) (f) TYPE (in.) (ft.) (in) (ft. bls)
F-2 CERTA-LOC _ ]
1484 Steel 30 200 SDR 17 PVC 17.5 0-1220 15.5 1220-1484
F-3 CERTA-LOC _ ]
1490 Steel 30 197 SDR 17 PVC 17.5 0-1207 14 1207-1480

bls. - below land surface
PVC - Poly vinyl chloride

JLA Geosciences, Inc.



TABLE 2
WATER QUALITY AND WELL FLOW CAPACITY SUMMARY

DRILLING DATA (FROM 1270 TO 1484 FEET BLS)

LAKEWORTH UTILITY
FLORIDAN AQUIFER PRODUCTION WELL F-2

Sample Chloride Specific
Depth Conc. h S¢ y st;l Iro?l Teorgp. pH Flow c:'pacity
(feet) (mghl) (uhmosiem) | (mgfl) | (mghl) (@Pm) | (o omitt)
1270 - 4056 - - 26 - -

1280 - 4934 - - 254 -- -

1286 1640 5400 - - 246 7.9

1286 - - - - - - 26.5 1.8
1290 1745 5160 - - 24.2 - --

1300 1645 5030 - - 241 - -

1308 1660 5180 - - 24 - --

1308 1755 5200 2.5 0.5 23.8 7.9 90 5.5
1310 1740 5250 - - 235 8.2 --

1320 1705 5160 - - 235 8.0 -

1330 1730 5100 - - 236 -- -

1330 1810 5320 2.0 0.35 23.7 7.9 140.5 9.3
1340 1735 5150 - -- 23.7 8.0 -

1352 1735 5360 - - 23.8 -- -

1352 1815 5270 2.5 0.20 23.6 8.0 151.5 10.6
1360 1795 5310 - -- 236 8.0 -

1370 1930 5480 - -- 237 8.0 -

1374 1940 5510 - -- 236 -- -

1374 1740 5590 3.0 0.1 235 7.9 201 14.7
1380 1980 5940 - - 23.4 8.0 -

1390 1915 6030 - -- 234 8.0 -

1396 1970 6040 - -- 234 8.0 -

1396 1905 5760 3.0 -- 23.5 7.8 500 33.2
1400 1940 5850 - - 236 7.9 -

1410 1970 6050 - -- 23.2 - -

1418 1955 6000 - - 23.4 - -

1418 1885 5790 2.5 -- 23.3 7.8 619 43.2
1420 2010 5850 - -~ 23.4 - -

1430 1930 5720 - -- 23.5 - -

1440 1885 5680 - - 23.3 - -

1440 1910 5900 2.0 <0.1 23.2 7.8 1220.5 82.0
1450 1890 5740 - - 234 - -

1461 1880 5930 - -- 234 - -

1461 1860 5870 2.0 <0.1 233 7.8 1378 96.6
1470 1930 5620 - - 23.5 - -

1480 1940 5650 - -- 23.3 -- -

1484 1740 5610 - - 23.2 - -

1484 1980 5910 2.0 <0.1 23.3 7.8 1287 89.4

Notes:

mgfl-milligrams per liter, chtoride conceniration determined by the mercuric nitrate titration method
SC-Specific Conductance
umbosfem-micromhos per centimeter related to 25.0 C
G -degrees Celsius

gpm -galions per minute

gpm/t-gallons per minute per foot of drawdown, measured using a measuring tape and manometer tube

BOLDED TEXT-measured from well head flow

JLA Geosciences, Inc.



TABLE 3
WATER QUALITY AND WELL FLOW CAPACITY SUMMARY

LAKEWORTH UTILITY
FLORIDAN AQUIFER PRODUCTION WELL F-3
DRILLING DATA (FROM 1242 TO 1480 FEET BLS)

oo | oone | 5o | ws | o | teme. [T row [ Specc
(feet) (mgl) (uhmosicm) | (mg/l} | (mgii) c {gpm) (gpmift)
1242 1800 6054 <0.1 2.5 251 8.36 200 10.0
1250 1785 5856 - -- 26.7 8.14 - -
1260 1785 5864 - - 25.6 8.18 -- -
1270 1785 5765 - ~ 25.4 8.09 - -
1272 1790 5993 3.0 1.5 24.0 8.49 280 11,9
1280 1670 5702 - - 23.8 9.94 - —
1290 1650 5712 - - 23.7 8.60 -- —
1300 1745 5742 - - 236 8.98 -- -
1304 1750 5944 1.5 1 24.1 8.49 250 16.1
1310 1710 5766 - - 23.7 8.28 - -
1320 1690 5811 - - 23.7 8.32 - -
1330 -- 5747 - - 236 8.33 -- —
1335 1775 5997 <1 0.8 23.7 8.49 320

1350 -- 5800 - - 23.5 8.30 — --
1360 1845 6208 - - 23.6 8.30 - -
1366 1920 5869 1 0.2 23.5 8.40 450 27.5
1370 1915 6298 - - 23.6 8.27 - .-
1380 1920 6296 - - 23.7 8.14 -- -
1390 1910 6393 - -- 23.4 8.44 - -
1397 1935 6056 2.5 0.15 23.3 8.21 600 39.1
1400 1925 6158 - - 23.6 8.17 - -
1410 1935 6171 - — 23.7 8.17 - -
1420 1940 6167 -- - 23.2 8.37 - -
1427 1950 6025 2.5 0.2 23.6 8.19 875 46.3
1430 1900 6185 - -- 23.5 8.31 - --
1440 1920 6169 — - 23.3 8.31 - -
1450 2045 6149 -- — 23.2 8.22 - -
1457 1870 6156 2 0.2 23.2 8.16 925 47.5
1470 2060 6057 -- - 23.2 8.19 - -
1480 2165 5603 — - 23.1 8.21 - -
1490 2360 6170 3 0.15 23.1 8.16 1050 50.7
Notes:

mg/l-milligrams per liter, chlgride concentration determined by the mercuric nitrate titration method
SC-Specific Conductance
umhosfcm-micromhos per centimeter refated to 25.0 . C

C -degrees Celsius
gpm -gallons per minute
gpm/ft-gallons per minute per foat of drawdown, measured using a measuring tape and manometer tube
BOLDED TEXT-measured from well head flow

JLA Geosciences, Inc.




TABLE 4

CITY OF LAKE WORTH UTILITIES
FLORIDAN AQUIFER PRODUCTION WELL F-2

CONSTANT RATE DRAWDOWN TEST RESULTS

DRAWDOWN AND WATER QUALITY RESULTS

WELL: F-2

surface.

TEST DATE: 7/05/2006
STATIC WATER LEVEL. Referenced starting head, + 31.8 feet above existing land

DRAWDOWN DATA

Pumping Pumping U(\fftatg;‘ #:;3’ Drawdown Specific Cap.
Rate (gpm) Duration (min) relative to LS) (feet) {gpm/it)
1450 60 +11.8 20.0 72.5
1450 210 +11.7 201 72.1
1450 270 +11.6 20.2 71.8
1450 300 +116 20.2 71.8
WATER QUALITY DATA
. Total ) .
Pumping . - Hydrogen | Dissolved Specific
Rate Eﬁg‘:;gﬁ Risthlt TL;::;S)'W Sulfide Chloride | Conductance
1450 60 0.3 0.23 3 1985 5080
1450 210 0.4 0.59 3 2045 4880
1450 270 0.5 Na Na Na Na
1450 300 0.5 0.01 3 1930 4850

Notes;

gpm - gallons per minute

mg/l - milligrams per liter

uS/em - microsiemens {micromhos) per cm
ppm — parts per million

LS - land surface

SDI - Silt Density Index

ntu — nephelometric turbidity units

NA - not available

JLA Geosciences Inc.



TABLE 5
STEP RATE DRAWDOWN TEST RESULTS

CITY OF LAKE WORTH UTILITIES
FLORIDAN AQUIFER PRODUCTION WELL F-3

STEP RATE DRAWDOWN TEST
DRAWDOWN AND WATER QUALITY RESULTS

WELL: F-3 TEST DATE: 7/26/2007
STATIC WATER LEVEL: Referenced starting head, + 31.19 feet above existing
land surface.

DRAWDOWN DATA

Pumping Pumping_ \?;tatg;' #:;gl Drawdown Specific Cap.
Rate (gpm) Duration (min} rela-tive to LS) (feet) {gpmift)
1000 126 +25.7 5.46 183.1
1500 136 +21.2 9.99 150.2
2000 112 +17.0 14.15 141.3
2500 120 +11.5 19.68 127.0
3000 123 +5.5 2572 116.6
WATER QUALITY DATA
. Total . -
et | umag | sor | Tutidty | "SE" | o | conducanc
{gpm) (min) (ppm) (mg/l) (uS/cm)
1000 126 NA 0.44 3.0 1900 6.475
1500 136 0.63 0.71 3.0 1840 6.402
2000 112 0.49 0.81 3.0 1880 6.365
2500 120 0.64 1.17 2.0 NA 6.546
3000 123 2.40 1.45 2.5 1875 6.353

Notes:

gpm - gallons per minute

mg/l - milligrams per liter

u3fcm - microsiemens (micromhos) per cm
ppm — parts per million

LS - land surface

SDI - Silt Density Index

ntu — nephelometric turbidity units

NA - not available

JLA Geosciences, Inc.



TABLE 6

CITY OF LAKE WORTH UTILITIES

FLORIDAN AQUIFER PRODUCTION WELLS F-2 & F-3
LABORATORY WATER QUALITY SUMMARY

Gontaminant/Parameter UNITS F-2 RESULTS F-3 RESULTS
SECONDARY STANDARDS
Secondary Contaminants
Chloride mgit 1540 -
Color] Color Unils 5 -
Fluoride mgiL &.95 -
{ron mgiL 0.03 -
MBAS Surfaclants mgfl 0.07 -
Cdor| Odor Mumber 2 -
pH pH Unit - 8.5
Sodium mgfL 508 -
Sukiale mgiL 394 -
Total Dissclved Sofids myiL 4128 -
Zing mgiL u 0.011
PRIMARY STANDARDS
Inorganic Compounds
Arsenic, mg/L 0.0019 -
Barium mgiL 0.003% -
Flugcride mgiL 0.95 -
Lead mgiL o 0.0012
Nickel mgil 0.001 -
Selenium mgfL 0.009 -
Sodium mg/L 908 -
Synthetic Organlc Compounds
Carbofuran {1563-66-2) mygil o.5U -
Endothall {145-73-3) mgiL 20U -
Oxamyl (vydate) (23135-22-0) mg/L 0.5 -
Cther
Acelone mg/L - 0.0107
Hexavalenl Chremium mg/L - u
Ultra Trace Mercury mg/L - -
TOC (6/2512007) mgil - 19
TOC (7/18/2007) mgiL - 2.3

L - under detectian limits
myfL - milligrams per liler




Table 7

AQUIFER PERFORMANCE TEST RESULTS

LAKE WORTH UTILITY AUTCRITY, FL.ORIDAN AQUIFER WELL FIELD
PRODUCTION WELLS F-1, F-2, AND F-3
F-2 PUMPING WELL
TRANSMISSIVITY (gpdift) STORAGE COEFFICIENT LEAKANCE (gpd/ft3)
DISTANCE
WELL Plg:':,'ge MAXIMUM | FROM TEST ANALYSIS METHOD
NO. DRAWDOWN | PRODUCTION
(gpm) WELL (ft.)
Hantush Jacob* Hantush* Cooper Jacoh*, *™* Hantush Jacob* Hantush®*, ** Hantush Jacob***
F-2 1404Q 8.27 0 - - - - - -
F-1 - 1.55 1870 620,840 620,765 648,000 0.000072 0.000065 0.00144
F-3 - 2.03 1810 669,385 639,690 787,200 0.00012 0.00013 0.00148
AVERAGE 645,113 630,227 717,600 0.0002 0.0001 0.0015
Abbreviations:
ft. = feet
gpm = gallons per minute
* Solutions derived with Agtesolve® Software

i Solutions derived Manually
b Analysis does not calculate leakace
Solution derived Manually from Hantush-Jacob* numbers.

A

JLA Geosciences, Inc.
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LITHOLOGIC LOG

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER TEST PRODUCTION WELL F-2

Depth in feet
below land
surface

Description

0-25

PEET (100%), brownish black (5YR 2/1), organic rich, some fine
sand to silt size grains, low permeability.

25-30

SAND, 100%, very pale orange (10 YR 8/2), grayish orange (10
YR 7/4), unconsolidated, quartz grains, angular to well rounded,
fine to medium size grains..

25-38

SAND 100%, pale yellowish orange (10 YR 8/6), unconsolidated,
same as above, trace shell fragments as above.

38-59

SANDSTONE 100%, very light olive gray (5 Y 7/1), hard to
medium, calcareous cement, sparry calcite, sand grains, quariz,
fine to medium grained, angular to well rounded, commonly
cemented shell fragments, pale crange (10 YR 7/2).

65-200

SAND 50%, light olive gray (8Y 7/1), unconsolidated to poorly
lithified, fine to very fine quartz sand, angular to subrounded.
SHELL 30%, white (N9) to very pale orange (10YR 8/2),
unconsolidated to poorly lithified in limestone. LIMESTONE 20%,
light olive gray (8Y 7/1), medium hardness, sandy with cemented
quartz grains and shell, highly interbedded sand, shell, and
limestone.

74-87

LIMESTONE 80%, light olive gray (5Y 7/1), medium hardness,
sandy with cemented quariz grains, shell fragments. SAND AND
SHELL 20%, interbedded, same as above.

87-125

SAND 60%, same as above. SHELL 30%, same as above.
LIMESTONE 10%, same as above.

125-145

Sand 90%, light olive gray (5y 6/1), unconsolidated, predominantly
very fine grain quartz, phosphate grains also common. SHELL
10%, decrease with size and amgunt with depth.

145-168

SAND 100%, medium light gray (N6), very fine grain, quartz and
phosphate, unconsolidated.

168-185

SAND 50%, same as above. LIMESTONE 30%, olive gray (5Y
4/1), interbedded, medium hardness, sandy, qguartz and
phosphorous grains, cemented shell fragments. SHELL
FRAGMENTS, 20%, loose, unconsolidated, pale orange (10YR
8/2) and yellowish gray (5Y 8/1).

185-195

SAND 90%, same as above, SHELL and LIMESTONE, 10%,
same as above.

195-230

SAND 50%, same as above. LIMESTONE 50%, pale yellowish
brown (10 YR 6/2) to pale yellowish orange (10 YR 6/6), medium
to soft hardness, caicarenite, fossiliferous, and LIMESTONE, very
light gray (N8) and medium light gray (N6).




LITHOLOGIC LOG (continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER TEST PRODUCTION WELL F-2

Depth in feet
below land
surface

Description

230-240

SAND 80%, same as above. LIMESTONE 20%, light olive gray
(8Y 8/2), carbonate and quartz grains, medium sand to silt size,
poorly cemented, low permeability.

240-245

LIMESTONE 100%, very pale orange (10 YR 8/2), soft granular
texture, coarse sand to silt size grains, quartz, shell fragments,
phosphate, inter-granular porosity, medium permeability.

245-250

SAND and SHELL 80%, pale yellowish brown (10YR 6/2),
unconsolidated, shell fragments, quartz, phosphate, coarse sand
to silt size. LIMESTONE, 10%, same as above.

2350-260

SAND and SHELL 60%, same as above. LIMESTONE 40%, same
as above.

260-280

LIMESTONE 80%, light olive gray (5Y 5/2), soft, granular texture,
carbonate grains, shell fragments, quartz, phosphate, medium
permeability. SAND 20%, light olive gray (5Y 5/2), unconsolidated,
quartz, phosphate, carbonate grains, shell fragments, silt to
medium sand size.

280-285

SAND 50%, same as above. LIMESTONE 50%, same as above.

285-300

LIMESTONE 100%, same as above.

300-305

SHELL FRAGMENTS 80%, yellowish gray (5Y 7/2, 8/1), light gray
(N7), unconsolidated, medium-gravel to medium-sand size, some
quartz and phosphate. LIMESTONE 20%, light olive gray (5Y 6/1),
soft, granular texture, carbonate grains, quartz, phosphate,
medium to low permeability.

305-310

LIMESTONE 60%, yellowish gray (5Y 8/1), medium soft hardness,
granular texture, calcarenite, low porosity, low permeability.
SHELL FRAGMENTS 40%, same as above.

310-335

LIMESTONE 70%, light olive gray (5 Y 6/1), medium hard,
granular, calcite grains, shell fragments, quartz, phosphate, low
permeability. LIMESTONE 20%, same as above. LIMESTONE
10%, pale olive (10Y 6/2), medium hardness, granular texture,
calcarenite, quartz, phosphate, overall medium to low
permeability.

335-370

LOST WHILE DRILLING

370-390

LIMESTONE 100%, yellowish gray to pale olive (5Y 7/2-10Y 6/2),
medium hard, granular texture, calcarenite, silt to medium sand
size, phosphate, low permeability.




LITHOLOGIC LOG (continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER TEST PRODUCTION WELL F-2

Depth in feet
below land
surface

Description

3980-410

LIMESTONE 50% same as above. SAND 50%, light olive gray
(8Y 5/2), unconsolidated, quartz, phosphate, fine sand to silt size
grains, carbonate grains medium sand to fine gravel in size,
medium permeability.

410-530

SAND 50%, same as above. LIMESTONE 50%, light olive gray
(5Y 5/2), soft, granular texture, caicite cemented, quartz and
phosphate grains, low permeability.

530-550

LIMESTONE 70%, same as above. SILTY CLAY 30%, light olive
gray (8Y 5/2), clayey and very fine sand and siit size quartz and
phosphate grains, low permeability.

950-570

SILTY CLAY 60%, same as above. LIMESTONE 50%, same as
above.

590-610

SILTY CLAY 100%, same as above.

610-760

CLAY 100%, grayish olive (10Y 4/2), cohesive, some silt to fine
sand size quartz and phosphate grains visible, low permeability.

760-790

CLAY 50%, same as above. SHELL 50%, yellowish gray (5Y 8/1),
unconsolidated, fine gravel to medium sand size grains, overall
low permeability.

790-800

LIMEMUD 80%, yellowish gray (5Y 7/2), cohesive, LIMESTONE
20%, yellowish gray (5Y 7/2), soft, granular, low permeability.

800-805

LIMESTONE 90%, very pale orange (10 YR 8/2) and dark
yellowish brown (10 YR 4/2), loosely consolidated, clay to fine
gravel size grains, calcarenite, low to med permeability. LIMEMUD
10%, cohesive, clayey, low permeability.

805-810

LIMESTONE 50%, same as above. LIMEMUD 50%, light olive
gray (5Y 5/2), same as above.

810-840

LIME MUD 80%, moderate olive brown (5Y 7/2) and yellowish
gray (8Y 7/2) mottled color, cohesive, some fine sand and silt size
grains. LIMESTONE 20%, yellowish gray (5Y 7/2), medium hard,
granular texture, low permeability.

840-850

LIMESTONE 100%, very pale orange {10 YR 8/2) and yellowish
gray (8Y 7/2), medium hard, granular texture, calcarenite, medium
porosity, medium permeability.

850-880

LIMESTONE 90%, same as above. LIME MUD 10%, moderate
yellowish brown (10YR 5/4), cohesive, low permeability.

880-900

LIMESTONE 100%, very pale orange (10YR 8/2), soft, granular,
microcrystalline to granular texture, coarse to fine sand size,
calcarenite, low permeability.




LITHOLOGIC LOG (continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER TEST PRODUCTION WELL F-2

Depth in feet
below land
surface

Description

900-920

LIMESTONE 100%, yellowish gray (5Y 8/1), soft, granular texture,
coarse sand to silt size, calcarenite, minor secondary porosity, low
permeability.

920-960

LIMESTONE 50%, same as above. LIMESTONE 40%, yellowish
gray (Y 8/1) very light gray (N8), medium hard, fine grained
granular to microcrystalline texture, secondary moldic porosity.
CLAY 10%, pale yellowish brown, silt to fine sand carbonate,
quartz and phosphate grains, semi-cohesive, overall low
permeability.

960-975

LIMESTONE 90%, very pale orange (10YR 8/2), soft, granular
texture, coarse sand to silt grains, calcarenite, low permeability.
LIMESTONE 5%, yellowish gray (5Y 8/1), same as above. CLAY
5%, same as above.

975-1000

LIMESTONE 100%, very pale orange (10YR 8/2), same as above.

1000-1015

LIMESTONE 100%, yellowish gray (5Y 8/1), soft to medium hard,
granuiar texture, very fine grained to medium sand size grains,
minor porosity, low permeability.

1015-1020

SAND 50%, pale yellowish brown (10 YR, 6/2), unconsolidated,
medium sand to silt size, carbonate and quartz grains.
LIMESTONE 50%, very pale orange (10YR 8/2), soft, granular
texture, calcarenite, overall medium permeability.

1020-1030

SAND 100%, same as above.

1035-1055

LIMESTONE 100%, very pale crange (10YR 8/2) to pale yellowish
brown (10YR 6/2), medium to hard very fine granular to
microcrystalline texture, low permeability.

1055-1080

LIMESTONE 100%, yellowish gray (5Y 8/1), medium hard,
granular texture, fossiliferous, some primary porosity, secondary
moldic porosity, medium permeability.

1080-1085

LIMESTONE 100%, yellowish gray (5Y 8/1), soft, granular texture,
medium fine sand size grains, calcarenite, some fine to medium
sand size vugged porosity, medium permeability.

1085-1090

SAND 90%, light olive gray (5Y 7/2), unconsolidated, coarse sand
to silt size, carbonate, quartz, and phosphate grains. LIMESTONE
10%, same as above).

1090-1100

LIMESTONE 100%, grayish orange (10YR 7/4), soft, granular
texture, calcarenite, very fine sand size vugged porosity, medium-
low permeability.




LITHOLOGIC LOG (continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER TEST PRODUCTION WELL F-2

Depth in feet
below land
surface

Description

1100-1105

LIMESTONE 100%, yellowish gray (5Y 8/1), medium hard,
granular, very fine grained, quartz, shell fragments, phosphate,
low permeability.

1105-1110

LIMESTONE 70%, very pale orange (10YR 8/2), medium hard,
calcarenite, medium to fine grained granular texture, silt to
medium sand size vugged porosity, low permeability. LIMESTONE
30%, light olive gray (5Y 5/2), hard microcrystalline, some medium
to sand size vugged porosity, low permeability.

1110-1130

LIMESTONE 100%, very pale orange (10YR 8/2), same as above.

1130-1155

LIMESTONE 50%, yeliowish gray (5Y 8/1), medium hardness,
granular to microcrystalline texture, moldic porosity, fine gravel to
fine sand size vugged porosity, medium permeability.
LIMESTONE (50%), light olive gray (5Y 5/2), hard,
microcrystalline, some medium sand to silt size vugged porosity,
low permeability.

1155-1165

LIMESTONE 100%, very pale orange (10YR 8/2), medium hard,
granular texture, calcarenite, low permeability.

1165-1170

LIMESTONE 80%, same as above. LIMESTONE 20%, yellowish
gray (8Y 7/2), medium hard, fine granular texture, medium to fine
sand size vugged porosity, medium permeability.

1170-1195

LIMESTONE 90%, very pale crange, medium hard, calcarenite,
granular texture, vugged porosity, medium permeability.
LIMESTONE 10%, grayish orange (10 YR 7/4), soft, granular, fine
vugged porosity, medium low permeability.

1195-1210

LIMESTONE 50%, very pale orange (10YR 8/2), same as above,
vuggs increase in size and abundance. LIMESTONE 40%,
yellowish gray (6Y7/2), soft fine granular texture, sand size
vugged porosity, medium to low permeability. LIMESTONE 10%,
grayish orange (10YR 7/4), granular to microcrystalline, calcilutite,
medium hard, sand size vugged porosity, medium permeability.

1210-1215

LIMESTONE 100%, yellowish gray (5Y 8/1), granular texture, soft,
vugged porosity, medium permeability.

1215-1230

LIMESTONE 50%, same as above. LIMESTONE 50%, very pale
orange 10 YR 8/2) to yellowish gray (5Y 8/1), medium hardness,
very fine granular texture and size vugged porosity, medium to low
permeability.

1230-1235

LIMESTONE 100%, very pale orange (10YR 8/2), same as above.




LITHOLOGIC LOG (continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER TEST PRODUCTION WELL F-2

Depth in feet
below land
surface

Description

1235-1245

LIMESTONE 90%, grayish orange (10YR 7/4), medium hard,
granular texture, calcarenite, inter-granular porosity, low
permeability. LIMSTONE 10%, yellowish gray (5Y 8/1), soft, very
fine grain granular texture, sand size vugged porosity, low to
medium permeability.

1245-1260

LIMESTONE 50%, grayish orange (10YR 7/4), same as above.
LIMESTONE 50%, light olive gray 5Y 6/1), hard, fine granular
texture, minor vugged porosity, low to medium permeability.

1260-1280

LIMESTONE 60%, grayish orange (10YR 7/4), medium to soft,
fine granular to microcrystalline texture, some vugged porosity,
low permeability. LIMESTONE 40%, very pale orange (10YR 8/2),
medium hard, granular texture, medium to fine sand size vugged
porosity, overall low permeability.

1280-1295

LIMESTONE 50%, very pale orange (10YR 8/2), same as above.
DOLOMITE 50%, medium gray (N5), hard, microcrystalline, low
permeability.

1295-1320

LIMESTONE 100%, very pale orange (10YR 8/2), same as above,
larger vugged porosity, medium permeability.

1320-1330

DOLOMITE 60%, pale yellowish brown (10YR 6/2), hard,
microcrystalline, minor fine vugged porosity, low permeability.
LIMESTONE 40%, same as above.

1330-1340

LIMESTONE 70%, same as above. DOLOMITE, 30%, same as
above.

1340-1345

LIMEMUD 70%, dark to pale yellowish brown (10YR 4-6/2),
unconsolidated, cohesive, some quartz and phosphate rains, low
permeability. LIMESTONE 30%, light olive gray (5Y 6/1), soft,
granular, sand size vugged porosity, medium permeability.

1345-1365

LIMESTONE 60%, very pale orange (10YR 8/2), medium to hard,
granular, some secondary solution porosity. LIMESTONE 40%,
light olive gray (5Y 6/1), granular, very minor porosity, overall low
permeability.

1365-1370

LIMESTONE 100%, medium gray (N5), fossiliferous, hard,
granular to microcrystalline, low permeability.

1370-1385

LIMESTONE 50%, same as above. DOLOMITE 30%, pale
yellowish brown (10YR 6/2), medium hard, granular, minor
porosity, low permeability. LIMESTONE 20%, yellowish gray (5Y
8/1), medium to hard, granular, minor pore space, low
permeability.




LITHOLOGIC LOG {continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER TEST PRODUCTION WELL F-2

Depth in feet
below land
surface

Description

1385-1390

LIMESTONE 100%, medium gray (N5), fossiliferous, same as
above,

1390-1415

LIMESTONE 50%, very pale orange (10YR 8/2), medium to hard,
granular, calcarenite, vugged porosity, good permeability.
LIMESTONE 50%, yellowish gray (5Y 8/1), hard microcrystalline,
low permeability.

1445-1420

LIMESTONE 100%, yeliowish gray (5Y 8/2), medium hard,
granular texture, sparry calcite, fine gravel to coarse sand size
vugged porosity, high permeability.

1420-1430

LIMESTONE 50%, very light gray to yellowish gray (N8-5Y 8/1),
medium to hard, granular to microcrystalline texture, small vugged
porosity, calcarenite, low permeability. LIMESTONE 40%, grayish
orange (10YR 7/4), hard, sparry calcite, low permeability.
LIMESTONE 10%, same as above.

1430-1440

LIMESTONE 100%, very light gray to yellowish gray (N8-5Y 8/1),
same as above.

1440-1445

LIMESTONE 100%, pale yellowish brown (10YR 6/2, medium
hard, microcrystalline texture, sparry calcite, vugged porosity, low
permeability.

1445-1480

LIMESTONE 90%, yellowish gray (5Y 8/1), medium to hard, very
fine grained to microcrystalline texture, minor very fine vugged
porosity, low permeability. LIMESTONE 10%, very pale orange
(10YR 8/2), soft, granular, calcarenite, medium permeability.

1480-1515

LIMESTONE 100%, very pale orange (10YR 8/2), medium hard,
granular, calcarenite, medium permeability.

1515-1520

LIMESTONE 100%, very pale orange (10YR 8/2), hard,
microcrystalline, dolomite, low permeability.




LITHOLOGIC LOG

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER PRODUCTION WELL F-3

Depth in feet
below land
surface

Description

0-35

SAND, (100%), very pale orange (10 YR 8/2), dark yellowish
orange (10 YR 6/6), light brown (5 YR 5/6}, unconsolidated, quartz
grains, angular to well rounded, fine to medium size grains.

356-60

SAND (100%), yellowish gray (5Y 8/1), unconsolidated, same as
above, trace shell fragments as above.

60-80

SAND (80%), yellowish gray (5Y 8/1), unconsolidated to poorly
lithified, fine to very fine quartz sand, angular to subrounded.
SHELL (20%), white (N9) to very pale orange (10YR 8/2),
unconsolidated, fine gravel to fine sand size fragments,
subangular to subrounded.

80-95

SAND (70%), light olive gray (5Y 7/1), unconsolidated to poorly
lithified, fine to very fine quartz sand, angular to subrounded.
SHELL (30%), same as above.

95-125

SAND (60%), same as above. SHELL (40%), same as above.

125-175

Sand (90%}), light olive gray (5y 6/1), unconsolidated,
predominantly very fine grain quartz, phosphate grains also
common. SHELL (10%), decrease with size and amount with
depth.

175-187

SAND (100%), medium light gray (N8), unconsolidated, fine to
coarse sand size grains, quartz and phosphate.

- 187-196

LIMESTONE (50%), pale yellowish brown (10 YR 6/2) to pale
yellowish orange (10 YR 6/6), medium to soft hardness, granular
texture, intergranular porosity. SHELL HASH, (50%), pale orange
(10YR 8/2) and yellowish gray (5Y 8/1), unconsolidated, medium
gravel to coarse sand size grains, same as above.

196-200

LIMESTONE (100%), pale yellowish brown (10 YR 6/2) to pale
yellowish orange (10 YR 6/6), medium light gray (N6), medium to
soft hardness, calcarenite, fossiliferous, intergranular porosity.

200-210

Lost to Driiling.

210-225

LIMESTONE (100%), yellowish gray (5Y 8/1), very pale orange
(10 YR 8/2), soft, granular texture, coarse sand to silt size grains,
quartz, shell fragments, phosphate, inter-granular porosity,
medium permeability.

225-270

SHELL HASH (90%), pale yellowish brown (10YR 6/2), yellowish
gray (5Y 7/2), unconsolidated, coarse sand to fine gravel size shell
fragments, quartz, phosphate, coarse sand to silt size grains.
LIMESTONE, (10%), same as above.




LITHOLOGIC LOG {continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER PRODUCTION WELL F-3

Depth in feet
below land
surface

Description

270-303

SHELL FRAGMENTS (80%), yellowish gray (5Y 7/2, 8/1), light
gray (N7), unconsolidated, medium-gravel to medium-sand size,
some quartz and phosphate. LIMESTONE (20%), light olive gray
(Y 6/1), soft, granular texture, carbonate grains, quartz,
phosphate, medium to low permeability.

303-322

LIMESTONE (50%), light olive gray (5Y 5/2), moderate yellowish
brown (10YR 5/4), soft, granular texture, carbonate grains, shell
fragments, quartz, phosphate, medium permeability. LIMEMUD
(60%), light olive gray (5Y 5/2), white (N9), unconsolidated,
cohesive, overall low permeability.

322-332

LIMESTONE (100%), same as above.

332-345

LIMESTONE (60%), medium light gray (N8), soft to medium
hardness, very fine granular texture, intergranular porosity.
LIMEMUD, (40%), same as above, overall low permeability.

345-370

LIMESTONE (80%), yellowish gray (5Y 8/1) to olive gray (5Y 4/1),
medium hardness, granular texture, calcarenite, intergranuiar
porosity. SHELL FRAGMENTS (20%), yellowish gray (5Y 7/2),
unconsolidated, medium gravel to coarse sand size grains, overall
moderately low permeability.

370-377

LIMEMUD (90%), light gray (N7) to medium light gray (N6),
unconsolidated, cohesive, low permeability. SHELL (10%), same
as above.

377-395

LIMESTONE (100%]), light olive gray (5Y 5/2), medium to soft
hardness, granular texture, medium to fine sand size grains,
carbonate, quartz, phosphate, intergranular porosity, fine gravel to
coarse sand size shell fragments, and decreasing amount of lime
mud with depth, overall moderate permeability.

395-407

LIMESTONE (60%), yellowish gray to pale olive (5Y 7/2-10Y 6/2),
soft, granular texture, calcarenite, silt to medium sand size,
phosphate, low permeability. LIMEMUD (40%), light olive gray (5Y
5/2), unconsolidated, cohesive, abundant shell fragments, overall
low permeability.

407-426

LIMESTONE (90%) same as above. SAND (10%), light olive gray
(5Y 5/2), unconsolidated, clayey, quartz, phosphate, fine sand to
silt size grains, carbonate grains medium sand to fine gravel in
size, medium permeability.




LITHOLOGIC LOG (continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER PRODUCTION WELL F-3

Depth in feet

below land Description
surface

SILTY CLAY (70%), light olive gray (5Y 5/2), clayey and very fine

426-440 sand and silt size quartz and phosphate grains, abundant shell
fragments. LIMESTONE (30%), same as above, overall low
permeability.
LIMESTONE (70%), light olive gray (5Y 5/2), medium light gray
(NB), soft, granular texture, sand size grains, carbonate, quartz,

440-500 silt, sandy, intergranular porosity. SHELL HASH (30%), yellowish
gray (5Y 7/2), very pale orange (10YR 8/2), unconsolidated, fine
gravel to coarse sand size grains, subangular to subrounded,
overall moderately low permeability.

500-510 SILTY CLAY (60%), same as above. LIMESTONE (40%), same
as above.

510-562 | SILTY CLAY (100%), same as above.

550-582 SILTY CLAY (100%), grayish olive (10Y 4/2), cohesive, silt to fine
sand size quariz and phosphate grains, low permeability.

582-700 CLAY (100%), same as above, silty, low permeability

200-710 CLAY (100%), grayish olive (10Y 4/2), unconsolidated, cohesive,
dense, very low permeability.

710-757 CLAY (100%), grayish olive (10Y 4/2) to olive gray (5Y 4/1), same
as above.

767-771 CLAY (70%), same as above. LIMESTONE (30%), yellowish gray
(SY 7/2), soft, granular texture, shelly, overall low permeability.

771-797 CLAY (100%), olive gray (5Y 4/1), cohesive, silty, low
permeability.
LIMEMUD (80%), yellowish gray (5Y 7/2), light olive gray (5Y 6/1),

797-815 cohesive. LIMESTONE (20%), yellowish gray (5Y 7/2), soft,
granular, shells, overall low permeability.

815-833 LIMESTONE (50%), same as above. LIMEMUD (50%), light olive
gray (5Y 5/2), same as above.

833-841 LIMEMUD (100%), light olive gray (5Y 5/2), yellowish gray (5Y
7/2), same as above, low permeability.
LIMESTONE (90%), medium light gray (N6), yeliowish gray (5Y
712}, soft, granular texture, carbonate, quartz and phosphate, shell

841-863 | fragments, medium to fine sand size grains, intergranular porosity.
LIMEMUD (10%), light olive gray (5Y 5/2), same as above, overall
moderately low permeability.

863-900 LIMESTONE (50%), same as above. LIMEMUD (50%), same as

above.




LITHOLOGIC LOG (continued)

LAKE WORTH UTILITIES
LAKE WORTH FLORIDIAN AQUIFER PRODUCTION WELL F-3

Depth in feet
below land Description
surface

LIMEMUD (90%), light olive gray (5Y 6/1), unconsolidated,
cohesive. LIMESTONE (10%), light olive ray (5Y 6/1), yellowish

900-942 gray (5Y 8/1), soft, granular, carbonate grains, overall very low
permeability.
042052 LIMESTONE (50%), same as above. LIMEMUD (50%), same as
i above.
LIMESTONE (90%), very pale orange (10YR 8/2), soft granular
952-994 texture, calcarenite, intergranular porosity. LIMEMUD (10%), white

(N9), greenish gray (5GY 6/1), cohesive, overall moderate
permeability.

LIMESTONE (100%), very pale orange (10YR 8/2) and yellowish
994-1020 | gray (5Y 7/2), medium hard, granular texture, calcarenite, medium
porosity, medium permeability.

LIMESTONE (20%), very pale orange (10YR 8/2), medium soft,
granuiar texture, carbonate cemented, intergranular porosity.
LIMEMUD (10%), greenish gray (5GY 6/1), unconsolidated,
cohesive, overall low permeability.

1020-1079

LIMESTONE (100%), yellowish gray (5Y 8/1), medium hardness,
1079-1081 | fine granular texture, calcarenite, intergranular porosity, moderate
permeability.

LIMESTONE (50%), yellowish gray (5Y 8/1), same as above.
LIMESTONE (30%), grayish orange (10YR 7/4), soft, granular
1081-1129 | texture, intergranular porosity. LIMEMUD (20%), yellowish gray
(8Y 7/2), light olive gray (5Y 6/1), cohesive, overall low
permeability.

LIMESTONE (50%), same as above. LIMESTONE (40%),
yellowish gray (5Y 8/1) to very light gray (N8), medium hard, fine
grained granular to microcrystalline texture, some secondary
porosity. LIMEMUD (10%), same as above.

1129-1148

LIMESTONE (50%), very pale orange (10YR 8/2) to grayish
orange (10YR 7/4), soft granular texture, carbonate grains,
intergranular porosity. LIMSTONE (30%), yellowish gray (5Y 8/1),
1148-1198 | hard, very fine grained to microcrystalline texture, minor
secondary dissolution porosity. LIMEMUD (20%), yellowish gray
(5Y 8/1) to greenish gray (5GY 6/1), unconsolidated, cohesive,
overall low permeability.




LITHOLOGIC LOG (continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER PRODUCTION WELL F-3

Depth in feet
below land
surface

Description

1198-1246

LIMESTONE (60%), yellowish gray (5Y 8/1), same as above.
LIMESTONE (40%), grayish orange (10YR 7/4), medium to soft
hardness, medium granular texture, carbonate cemented grains,
intergranular porosity, overall moderate permeability.

1246-1267

LIMESTONE (100%), very pale orange (10YR 8/2), medium
hardness, granular to microcrystalline texture, calcarenite, slightly
fossiliferous, intergranular porosity, some secondary porosity,
overall moderate to good permeability.

1267-1275

LIMESTONE (100%), grayish orange (10YR 7/4) to very pale
orange (10YR 8/2), medium soft, granular texture, fine to medium
sand size grains, intergranular porosity, low permeability.

1275-1289

LIMESTONE (80%), yellowish gray (5Y 7/2), medium hard, fine
grained granular texture, fine sand size grains, slightly
fossiliferous, calcarenite, intergranular and some moldic porosity,
LIMESTONE (20%), grayish orange (10YR 7/4) to very pale
orange (10YR 8/2), same as above, overall moderate
permeability.

1289-1302

LIMESTONE (70%), yellowish gray (5Y 7/2), same as above.
LIMESTONE (30%), light gray (N7), hard, very fine grained fo
microcrystalling, overall moderately low permeability.

1302-1333

LIMESTONE (50%), light gray (N7), same as above.
LIMESTONE (50%), yellowish gray (5Y 7/2), grayish orange
(10YR 7/4) to very pale orange (10YR 8/2), medium to soft,
granular texture, fine to medium sand size grains, intergranular
porosity, overall low permeability.

1333-1340

DOLOMITE (100%), pale yellowish brown (10YR 6/2), moderate
yellowish brown (10YR 5/4), medium dark gray (N4), mottled,
hard, microcrystalline, minor fine vuggy porosity, low permeability.

1340-1350

DOLOMITE (100%), light gray (N7), yellowish gray (5Y 8/1), hard
microcrystalline, some disselution porosity, moderate good
permeability. )

1350-1359

LIMESTONE (100%), yellowish gray (5Y 8/1), hard, granutar
texture, slightly fossiliferous, intergranular and minor dissolution
porosity, good permeability.

1359-1361

DOLOMITE (100%), medium dark gray (N4), hard
microcrystalline, some dissolution porosity, moderate permeability.




LITHOLOGIC LOG {continued)

LAKE WORTH UTILITIES

LAKE WORTH FLORIDIAN AQUIFER PRODUCTION WELL F-3

Depth in feet

below land Description
surface
LIMESTONE (90%), very pale orange (10YR 8/2) to grayish
orange {(10YR 7/4), medium to hard, granular, calcarenite,
1361-1395 | intergranular porosity, some secondary porosity. DOLOMITE
(10%), light gray (N7) to medium light gray (N6), hard
microcrystalline, overall good permeability.
LIMESTONE (100%), yellowish gray (5Y 8/1), white (N9), medium
1395-1405 | hard, granular texture, slightly fossiliferous, intergranular and
minor dissolution porosity, good permeability.
LIMESTONE (70%), yellowish gray (5Y 7/2), hard, fine grained to
1405-1430 microcrystalline texture, coarse to medium sand sized vuggy
porosity. DOLOMITE (30%), medium gray (N5), hard,
microcrystalline, overall good permeability.
1430-1440 | Lost to drilling.
LIMESTONE (100%), grayish orange (10YR 7/4) to moderate
1440-1445 yellowish brown (10YR 5/4), hard, fine grained to microcrystalline
texture, interconnected coarse to medium sand sized vuggy
porosity, good permeability.
1445-1450 | DOLOMITE (100%) same as above.
LIMESTONE (100%), grayish orange (10YR 7/4) to pale yellowish
1450-1489 brown (10YR 6/2), medium hard, granular texture, carbonate

cemented grains, intergranular porosity, secondary dissolution
porosity, interconnected, good permeability.
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All interpretations are opinions hased on inferences from electrical or other measurements and we cannat and do net guarantes the accuracy or correctness of any
interpretation, and we shall not, exceptin the case of gross or willful negligence on our part, be liable or responsible for any loss, costs, damages, or expenses
incurred or sustained by anyone resulting from any interpretation made by any of our officers, agents or employees. These interpretations are also subject to our
general terms and conditions set outin our current Price Schedule.
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All interpretations are opinions hased on inferences from electrical or other measurements and we cannat and do net guarantes the accuracy or correctness of any
interpretation, and we shall not, exceptin the case of gross or willful negligence on our part, be liable or responsible for any loss, costs, damages, or expenses
incurred or sustained by anyone resulting from any interpretation made by any of our officers, agents or employees. These interpretations are also subject to our
general terms and conditions set outin our current Price Schedule.
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All interpretations are opinions hased on inferences from electrical or other measurements and we cannat and do net guarantes the accuracy or correctness of any
interpretation, and we shall not, exceptin the case of gross or willful negligence on our part, be liable or responsible for any loss, costs, damages, or expenses
incurred or sustained by anyone resulting from any interpretation made by any of our officers, agents or employees. These interpretations are also subject to our
general terms and conditions set outin our current Price Schedule.

Comments

NOTE: "CENT" in the depth column indicates the location of casing Centralizers.
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Gamma Ray Calibration Report
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Tool Model: SCHAN
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Background Reading: 15.4
Calibrator Reading: 108.7
Sensitivity: 1.0724 GAPI/
Sensor | Offset (ft) Schematic Descripticn Len (ft} | ©D({in) | Wt {lb}
RGDILGR | 7.06 | B ]
GR 6.50 —
— . RGDILGR-6CHAN {5582) 7.06 1.50 13.67
Rabertson Geeologging Dual Induction Gamima Ray
CILD 263 —
CILM 154 |—

Dataset: duin_sp3.db: fieldAivell/runt/passi
Total Length: 7.06 ft

Total Weight: 13.67 b

Q.D. 1.501in




g§§;én§§§§§§§§§§ggggggggg§g 28 ¢ Company
3-81%-6'%“’“3@3“é@g;am%%%-ro"%"%%m 53 m
1555 E ez e2 22582505 |28 £ Vel N -
S|7 @3 == FITI > < B |22 e @ =3 o =
o@ 22 022 ElenES & EFEEIZE |35 2 Fied NI
ke E8lslz |22|"|"52l8 2 (27 22| £ 85 ~
281212 ZFd e =& e 2 g o £ | Country r
& 5|%w (25227 [Flo =1 =35 3 ?
NSt INEE £ 3 3 State/Prv ]
@3 b L5 3 -
= o — M w
— — — E ] 1]
5 512 =~ 2 oy
< >
2¢ 20
g8 © lccmolf
@« @ O o) 1 gl
|9 ! ) N
o= IR I R 5 |» 3 =
e Lo | glE g > o
=@ oz o =& o o O —+
Sz » o — Py —
e = o W)
5 =3 O = 6P
S L - D ~
4 S 2 wmw = -
—_ CD —
- P 0] o )
e —— G) -
= = = = oS
T % | g > 9
= ® <. -
@ )% % =
AL &
S =1
Oo= O o
o 2 o @
T g
5 ¢
&
<<« Fold Here =»>
All interpretations are opinions hased on inferences from electrical or other measurements and we cannat and do net guarantes the accuracy or correctness of any
interpretation, and we shall not, exceptin the case of gross or willful negligence on our part, be liable or responsible for any loss, costs, damages, or expenses
incurred or sustained by anyone resulting from any interpretation made by any of our officers, agents or employees. These interpretations are also subject to our
general terms and conditions set outin our current Price Schedule.
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