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BACKGROUND:

This report is part of a larger project, "Hydrogeologic
investigation of cypress domes in wellfields near Tampa,
Florida", being conducted by the Southwest Florida Water
Management District (SWFWMD). As an extension of the wetlands
monitoring program, the Environmental Section at the District has
identified anomalous cases where cypress domes with significantly
reduced hydroperiods exist in close proximity to cypress domes
with normal to near normal hydroperiods. Preliminary
investigations of these affected and non-affected cypress' domes
indicate that they represent two general types of hydrogeqlogic
frameworks. Affected sites appear to be sinkhole systems Qith
considerably different stratigraphies than surrounding aréas;
unaffected domes appear to be shallow depressions in the
surficial units and therefore have consistent stratigrapﬁic
relations with the surrounding sediments. The reduction of
hydroperiods and the presence of thicker surficial sand units
within the affected domes suggests a more direct connection with
the underlying Floridan aquifer.

In order to determine which cypress domes might be affected
by pumping stresses and to assess a potential degree of effect,

it is necessary to develop a reliable and relatively inexpensive

method(s) for quickly determining the hydrogeologic framework of

cypress domes in large drawdown areas. Geophysical methods can
be used to determine variations in shallow stratigraphy if the
stratigraphic changes create recognizable geophysical signatures.

This report summarizes the methods and results of geophysical
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studies conducted in Starkey and Eldridge-Wilde wellfields
between June and September, 1989, to determine which geophysical
method or methods can be used to recognize wetlands that are

susceptible to pumping stresses.

OBJECTIVES OF PROJECT:

The objectives of this project are to characterize the
hydrogeologic setting of seven preseiected cypress domes using
geophysical methods, and to determine the most effective and

efficient geophysical method(s) for future investigations of this

type.

METHODS:

1. Direct current resistivity in the horizontal electrical
profiling mode (HEP) using an ABEM Terrameter.

2. Very Low Frequency (VLF) using the Omniplus systemn.

3. Loop-Loop Electromagnetics (LLEM) using Geonics EM-34.

4. Ground Penetrating Radar (GPR) using GSI radar.

EQUIPMENT:
1. DC-Resistivity survey.

1-ABEM Terrameter

5-stainless steel electrodes
2-100m measuring tapes
4-shielded electrical wire rolls
l-hammer

crew of three

2. VLF survey
1-Omniplus VLF instrument with resistivity option
2-100m measuring tapes

1-IBM compatible PC for transfer of Omniplus data
crew of two .
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3. LLEM survey
1l-Geonics EM-34-3
2-100m measuring tapes
supply of C and D cell batteries
crew of 2
4. GPR survey
1-skilled operator
1-120mhz radar antenna and signal processor/recorder
2-100m measuring tapes
100-small flags
STUDY AREAS AND LOCATION OF GEOPHYSICAL TRANSECTS:

Two wellfields were chosen by the SWFWMD for this study.
Figure 1 shows locations of both Starkey and Eldridge-Wilde
wellfields. Five cypress domes were selected at Starkey
wellfield, three with known geologic settings; Starkey east
(STE), Starkey central (STC), Starkey west (STW), and two with
unknown settings Unknown 1 (UN1l), and Unknown 2 (UN2). Two
cypress domes were selected at Eldridge-Wilde; Eldridge-Wilde
west (EWW), and Eldridge-Wilde east (EWE), both have known
geologic settings. The geologic cross-sections and drilling logs
for STC and EWW were withheld at the beginning of the project for
verification of the geophysical profiles. The sink-type cypress
domes are EWE, STW, STC. The shallow-depression type are EWW and
STE. UN2 has shown a significant reduction in its hydroperiod in
recent years while UN1 is little affected. The geophysical
transects are oriented as follows (figures 2 and 3).

1. STE - Trend N11W This transect follows the major trail into
the center of the .dome. All of the

transects either begin or end near the ET
station in the center.

MICROFILEL
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2. STC - Trend N41E This transect follows the major trail cut
through the dome. All of the transects
begin or end at the shallow depression
at the NW edge of the dome. ,

3. STW - Trend N45W This transect enters the dome on the
southeastern edge next to the monitor
well 3AW and ends just past well
2AW.

4. UN1l - Trend N44W This transect enters the dome from the south
west along the No. 7 wellhouse road and ends
at the subsidence station in the center.

5. UN2 - Trend N72E This transect enters the dome from the
southwest and crosses the dome completely.

6. EWW - Trend N20E This transect parallels the monitor well
line and completely crosses the dome.

7. EWE - Trend N40E This transect parallels the monitor:well
line and ends at the center near monitor
well 2AE. '

PRELIMINARY ANALYSIS:

A photolinear analysis was conducted prior to the
geophysical surveys to determine the spatial relationships of the
photolinears to the seven cypress domes. Photolinears are linear
trends identified on aerial photographs that may represent zones
of increased fracture density. Photolinears that are determined
to representizones of increased fracture density are termed
fracture traces. Fracture traces are vertical zones of generally
higher hydraulic conductivity that can be vertical pathways for
ground-water flow between the surficial and semi—confined}
aquifers. A strong correlation between fracture traces and
affected wetlands might be useful for identifying potentially

problematic wetlands. The aerial photo analysis, conducted for
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this study, indicates a moderate but non-conclusive correlation
between affected cypress domes and photolinears (figures 4 and
5). Affected sites EWE, STW and UN2 are intersected by
photolinears. However, unaffected site STE appears to have a high
concentration of photolinears near its northern edge. A more
statistically significant analysis might prqvide a stronger
correlation. Furthermore, the physigal character of the
photolinements needs to be determined. This involves determining
those photolinears which represent fracture traces and those
which are not related to geological features. Geophysical
methods, such as the EM-34 method used for this report, have been
used for determining zones of increased fracture density.
Clearly, a preliminary analysis using aerial photographs could
help to limit the number of wetlands to be studied. More
importantly, if a larger data base were collected, the
relationship between affected domes and photolinears might become
a primary method for predicting the effects of ground-water

withdrawals on cypress domes.

GEOPHYSICAL METHODS:

Horizontal electrical profiling

Horizontal electrical profiling (HEP) is a direct current
resistivity method used for determining lateral changes in
subsurface stratigraphy. In general, a current is applied to two
electrodes that are driven into the soil and the resulting
electrical potential is measured by a second‘bair of electrodes.

The apparent resistivity is calculated from the separation and

MICROFILLED 8
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geometry of the electrodes, and the measured resistance value in
ohms. The entire array is then moved along a profile line and
the procedure repeated. Dobrin and Savit, 1988 provide a
detailed description of the theory and application of HEP.

In this study the Wenner array was used. The Wenner array
is a fouf—electrode arrangement where there are equal distances
between adjacent electrodes ("a" spacing, figure 6a). For the
Wenner array, the equation for apparent resistivity is;
apparent resistivity,

= electrode spacing (M)
= resistivity in ohm.

fi= 21 a(AV/I); where fq
( V/I?

By increasing the "a" spacing, succeésively deeper layers are
included in the apparent resistivity reading measured at the
surface. The "a" spacings selected for this study were 10,20,
and 30 meters(32.8, 65.6, and 99.4 feet), which correspond to
effective exploration depths (EED) of roughly 6,12, and 18
meters(19.7, 39.4, and 59.1 feet), respectively. Materials above
the EED contribute 70% of the total apparent resistivity measured
at the surface. This is an important concept since it is easy to
mistakenly think of the EED as the depth from which the
resistivity measurement is being taken. Rather, it is the total
thickness of material above the EED which is contributing 70% of
the response measured at the surface. Therefore, apparent
resistivity cannot be used to describe any individual geologic
unit’s resistivity. For each station readings were taken for
each "a" spacing and the entire array was then moved 10 meters
(32.8 feet) and the process repeated. Figure six(b) is a

schematic diagram of the HEP method. The vertical arrows

WICROFLIED 11
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Figure 6a. Schematic diagram of HEP method.
6b. Schematic diagram of WEnner electrode arrangement.
( from Benson, 1981)
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represent the electrodes (figure 6a), with the distance bétween
them equal to the "a" spacing and the distance between suéessive
stations the distance "D". The results for each "a" spacing were
plotted versus distance to form horizontal electrical profiles.
Anomalies associated with vertical features or boundaries are
often indicated by rapid increases or decreases in apparent
resistivity.

Very Low Frequency (VLF)

Very low frequency (VLF) radio transmissions can be used to
obtain subsurface geologic information by measuring the
interaction between powerful, low frequency (17-25 kHz) radio
transmissions and earth materials. These transmissions are
intended for military communications; however, far from their
sources they are excellent for geophysical studies. In the
United States there are three VLF transmitters; Cutler, ME (24.0
kHz), Seattle, WA (24.8 kHz), and Annapolis, MD (21.4 KkHz). The
VLF signal provides a primary electromagnetic field that can used
to locate vertical geologic contacts. At long distances from the
transmitters (exceeding 500 miles) the VLF field consists of a
vertical electrical component, a horizontal electrical component,
and a primary horizontal magnetic field. For conventional VLF
surveys (tilt angle) measurement is made of the magnetic field
which, in the absence of subsurface conductors, is horizontal and
linearly polarized (Wright, 1989). Subsurface changes in
resistivity, such as vertical geologic contacts, cause the field
to become elliptically polarized and the major axis (Ez) to tilt

in relation to the size of the horizontal axis (Ex) (figure 7).

WMICROFILLED 13
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Figuré 7. Principle components of the primary VLF field
at distances greater than 500 mi from the
transmitter. Eg and Hg are the electrical and
magnetic components of the.field, respectively.
Eg and E4 are the vertical and horizontal
components of Ee . The angle « is the tilt of
field Eg from the vertical. Both o and Eg
increase with increasing apparent resistivity.
(from Wright, 1988)
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On figure 7 Eg is the vector sum of Ez and Ex. For measurements
of VLF resistivity to be made, two electrodes are placed into the
ground at right angles. The electrodes measure the shallow earth
materials response (ratio of the horizontal electric field to the
horizontal magnetic field) to the propagating electromagnetic
field (figure 7). The resulting ratio of the two fields is
directly related to the apparent resistivity of the shallow earth
materials. Figure 8 shows the typical tilt angle response over a
vertical contact with varying resistivity. In the resistivity
mode, the response is identical to a conventional DC resiétivity
survey. In either, the conventional VLF or the VLF resistivity
modes, the resulting data (tilt angle or apparent resistivity)
are generally plotted versus distance and qualitatively
interpreted. | |

In this study, the Omniplus VLF system was used. The
Omniplus is a self-contained unit which samples three VLF‘
stations at the same time. The Omniplus measures the tilt angle
and apparent resistivity (if VLF resistivity option is used) and
stores the values electronically for later transfer to a PC for
pfocessing. The survey is conducted by initializing the Omniplus
to the selected VLF stations and taking readings at a preselected
station spacing which was 5 meters (16.4 feet) for this study.
The Omniplus automatically increments the station spacing after
each reading and also stores the relative strength of the primary
VLF fields, so that the strongest stations can be determined.
For this study, two people operated the Omniplus, one took the

readings and the other placed the electrodes for the VLF

- WMICROFILIED 15
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Figure 8. The upper diagram is the geologic model used to
create the anomalies in the lower diagram.
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resistivity measurements.

The effective exploration depth (EED) is approximately 3.6
times the sdguare root of the apparent resistivity. The apparent.
resistivity for a specific site can be determined by the VLF
resistivity option or by preliminary DC resistivity surveys.

This calculation results in an average EED of 25 meters (82.02
feet) for Starkey and Eldridge-Wilde wellfields, when an ‘average
apparent resistivity of 50 ohm-m is used. . ‘

Loop-Loop Electromagnetics

The Geonics EM-34-3 is a loop-loop electromagnetic instrument
designed to read terrain conductivity directly. The unit is
composed of a transmitter coil, a receiver coil, and two control
units. The transmitter coil creates a time-varying

electromagnetic field which induces eddy currents in the earth.

The eddy currents generate a secondary magnetic field which ,
along with the primary field, is sensed by the receiver coil
(McNeil, 1980). 1In general, the secondary magnetic field is a
non-linear function of the intercoil spacing, the operating
frequency, and the ground conductivity. McNeil (1980) developed
the EM-34 with specific frequencies (1600, 800, and 400 Hz) and
coil spacings (10, 20, and 40 meters.or 32.8, 65.6, and 131.2
feet) which make tﬁe ratio of the secondary to primary magnetic
field linearly proportional to the terrain conductivity. QUnder
these conditions, known as operating under low induction humbers,
the instrument reads diréctly in terrain conductivity and‘no
conversions are needed. The EM-34 can also be operated with the

coils (always co-planer) in either the vertical (horizontél

WMICROFILERD 17




coils) or horizontal (vertical coils) dipole modes. The vertical
dipole mode is more sensitive to vertical geologic contacts.

For this study the unit was usually operated with hofizontal
coils and 10 and 20 meter (32.8 and 65.6 feet) coil spacings.
Stations were spaced at three meter intervals and the transects
were oriented from the center toward the edge cof the dome. The
10 and 20 meter coil spacings in the horizontal mode correspond
to an EED of 15 and 30 meters (49.2 and 95.4 feet). Terrain
conductivity is basically the inverse of apparent resistivity and
can be easily converted by dividing the conductivity value
(milliSiemens/M) into 1000 for resistivity in ohm-m. McNeil
(1980) provides a complete analysis of the theory and use of the
EM-34.,

Ground Penetrating Radar (GPR)

Ground penetrating radar (GPR) is a very effective method for
mapping shallow subsurface features quickly. Basically, a radar
beam is transmitted into the ground at a fixed frequency. As the
signal passes down through the earth, part of the signal is
reflected back to the surface and part continues to penetrate to
deeper layers (figure 9)). Tﬁe energy that is reflected back to
the surface is picked up by a receiver, processed, and converted
to a graphic display. fhe graphic display shows two-way travel
time in nanoseconds (nsec) versus horizontal distance.
' Interfaces between layefs with different dielectric constants
show up as three black bands on the étrip chart. Generally the
second black band is interpreted as the interface between layers

(Geoscan, 1988; figure 10). The vertical time scale can be
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converted to a depth scale provided the velocity of propagation
is known. The depth of penetfation for a fixed frequency is
related to the resistivity, degree of saturation, and dielectric
constant (measured in electromagnetic units or emu) of the earth
material. Depth of penetration is inversely proportional to the
frequency of the transmitted signal.  The general equation for

the depth of penetration is:

D = ct/2(e)0-5 Where e = dielectric constant (emu)
t = two way travel time (sec)
¢ = velocity of light (m/sec)

The approximate vertical scale conversion for a typical semi-
saturated loose packed sand is 5 nsec/foot. If resistivity is
known, the total exploration depth is approximately 0.3 meters
per ohm-meter of resistivity. Therefore, a 300 nsec sweep of 100
ohm-m sediment yields 30 meters of total penetration. By towing
the antenna along the surface of the ground, lateral changes in
near-surface stratigraphy can be mapped. GPR works well in
resistive environments, but the signal is strongly attenuated in
conductive environments (refer to table 1). Clay layers often
completely attenuate the signal. Two important concepts’to
understand are reflection-free zones and attenuation.
Reflection-free zones are zones with no apparent interfaces to
reflect the signal. They are typically "white", reflection free
zones on the graphic display. Attenuation absorbs the downward
propagating signal. Once the signal is completely attenuated, no
further reflections can be recorded. On a graphic displa§ the
complete attenuation of the signal results in a reflectioﬁleés

zone similar to a "true" reflection free zone. The difference is

WHCROFILECE 21
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that signals can be returned from below a reflection free zone
and can not below a reflectionless zone, ie complete attenuation.
For this study aAlzo mHz antenna was used because it
provides deeper penetration (lower frequency). However, the
increased penetration of the 120 mHz antenna caused a decrease in
the resolution, but since this study is concerned with large
scale features the loss of resolution does not affect |
interpretations. The instrument was pulled by hand through.the
cypress dome and lateral distance was recorded on the graphic
display. The graphic recorder/signal processor has a control
which allows the total two-way travel time, recorded on the
graphic display, to be adjusted to the specific conditions
encountered at a site. During this study, the control unit was
set so that the graphic display recorded either 200 or 300 nsecs
of two-way travel time. Using a maximum average apparent
resistivity of 100 ohm-m (none of the sites exceeded thié average
value) for conversion, the GPR unit was able to delineate
features as deep as 30 meters or approximately 100 feet. Other
controls on the recorder/signal processor were set to the

specific condition encountered in the cypress domes.

RESULTS: GPR

Calibration to known geologic profiles

Figure 11, shows the 300 nsec sweep of EWE (an affected site)
extending from the center of the aome near well 2AE (also refer
to the geologic cross-section figure 11p; A to A’) to

approximately 65 meters (213.2 feet) outside of the dome. The

MICROFILEER 23



2AE 15“3 Approx.
. . .
W W A Depth
nsec [----50 ft-—-] " o —_ below
Y - o S - o= H ; surface
: s - ey o s 2 bo rics we o .. o v 0

- Dipping ref

150 - | - 24 fe
T 1 .3 Reflection:free =
- o < -
v 2 : zone i
H .
: ;
. : : -
300 _ LA s ) 54 ft
0 - 50
Travel. time (nsec)
ELDRIDGE-WILDE WELLFIELD — EAST SIT
1
. A . A -
: _ GPR_transect __ _ _.
Northwest R Southaa;?
sk 2P 3G o0 o ‘o\apu-a ron
.39, nn n av.. 34.70
Elev-3sasi__ _ . | . e N \ _____,::,—‘"‘ 1= .
\\\§:~—__§_~‘ g3k 98 2% pev.2300 n._________._._--—’__,a '
25 - ‘~\\‘\ T —— L= ”””’
— . -
Silty Fine SANO \5“\\\\ "EA:,”" S0ty Fine SAND
>~ o
' §~\§“s ——"‘——-—— -
4= N " organia Siiy CLAY
Sou ] \\\ =T - / 2 W__,_.- ,//’
g e ManL AN "----j_ L Vs MARL
2 B N - / |
E —‘:"._ -r\;b. SAND \\ o ] Sty CLAY !
w FROMWELL 107 \? ?
-28 - : TAMPA LIMESTONE
"TAMPA LIMESTONE i
"0
50 - (b)
o 23 ©
e *
. scale in lest

VERTICAL EXAGGERATION =2X

A W WATERLEVELS-
11 screen iINTERVAL

Figure 11, . 300 nsec sweep of EWE showing major features.
(note: horizontal scale on ‘lla is not constant)
11y Geologic cross section of EWE showing location
of GPR transect A to A'.

MICRGRIL 17D 26




most notable features of this line are: the surface at 30 nsec,
the reflection-free zone near the center of the dome, the water
table at 90 nsec, and the steeply dipping reflectors indicated
on figure 1la. ‘
{Important note: +the estimates of depth to reflectors contained-
in the remainder of the GPR section are intended to show
approximate time-to-depth conversions and are therefore, 6nly
approximations. For studies requiring exact depth conversion,
velocity of propagation must be determined directly. This can be
done by measu?ing the dielectric constant in a laboratory‘or by
determining the function (generally non-linear) which describes
the changes in the dielectric constant with depth.)

Using 0.20 ft/nsec for conversion indicates that the water
table is located at approximately 12 feet below land surface.’
0.20 ft/nsec is a good first approximation for depth convérsions
on radar lines conducted over the types of sediments encoﬁntered
at Starkey and Eldridge-Wilde wellfields (personal communication
Bill Wilson Sinkhole Research Institute, refer to table 2j. This
correlates well with "true" depth to the water table, 13 feet,
calculated from the hydrographs of well 1BE in late May, 1988
(appendix A). Notice the steeply dipping reflectors between 100
and 200 feet east from well 2AE. The dipping layers lie
approximately 180 to 240 nsec below the surface. Using the same
conversion factor (0.20 ft/nsec), the depths to the upper
reflector is approximately 30 feet below the surface and the
lower reflector approximately 42 feet below land surface.y The

well log from 1AE, which is east of the reflectors on figure 11b,




indicates that a silty sand/marl interface is located at 33.5
feet below the surface and a marl/silty clay interface is located
48.0 feet below the surface (figure 1lg and appendix B). The
close correspondence between the interfaces and the reflections
on the profile provides a high degree of confidence in this
interpretation. Furthermore the depth conversion factor chosen
for this dome appears to be within 5 percent of the true average
velocity.

Figure 12a is a 200 nsec sweep of STW (an affected site)
which starts near well 2AW (also refer to geologic cross-section
figure 12b; A to A’) and terminates approximately 100 feet
outside of the dome. The most obvious features are the ground
surface at 20 nsecs, the water table at 50 nsecs, the dipping
reflectors that terminate at 100 feet from 2AW and at
approximately 80 nsecs, and the zone with no reflections near the
center of the dome (below well 2AW). Average resistivity is
about 100 ohm-m from the HEP survey thch should yield a higher
average velocity of about 0.25 ft/nsec. This is slightly faster
than EWE because the average resistivity is higher. In late May
the water table at well 3AW was approximately 10 feet below the
land surface (appendix A). Using an estimated average velocity
of 0.25 ft/nsec, the depth to the water table is calculated to be
approximately 7.5 feet. The calculated depth is slightly less
than the actual depth below land surface, therefore the velocity
might be sightly higher in the unsaturated zone. The dipping
reflectors, between 60-80 nsecs indicated on figure 12a, do not

correspond to any known layers (well log 3AW), and therefore may

n
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represent thin clay/silt layers which were not detected during
well logging. The reflectors at 180 nsecs correspond to the
silty clay/marl interface, from well log 3AW, when the velocity
is reduced to 0.20 ft/nsec (Figure 12a,b). (Note: The HEP
apparent resistivity profiles for STW show a general decrease in
resistivity with depth therefore it is reasonable to adjust the
velocity accordingly.) Using 0.20 ft/nsec velocity, for depth to
time conversion, the depth to the interface is calculated as 32
feet which is very close to the 34 feet below land surface value
from well log 3AW. The zone with no reflections near the center
may be a reflection-free zone, however no‘'coherent reflections
are visible below this zone. The absence of further reflectors
suggests that the signal may have been completely attenuated.

There are a series of organic silty layers indicated on the well

log 2AW (appendix B) that may have caused attenuation of the
signal; however, there is no way of determining the cause without
further GPR surveys. It is sufficient to note the zone may be an
attenuated or reflection free zone for reconnaissance type
surveys.

Figure 135 is the 200 nsec profile taken at STE (an
unaffected site) from the ET station in the middle to 115 feet
outside of the dome. The important features to note are: the
surface at 20 nsecs, the water table at 45 nsecs, the strong
reflector at 70 nsec, and the attenuated zone below 80 nsecs.

The average resistivity of STE is much lower than either EWE or

STW and therefore the average velocity is expected to be léss.

Using an estimated average velocity of 0.125 ft/nsec yields a
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depth of 3 feet below the surface for the water table. The
hydrograph for well 2BE in late May indicates that the water
table was approximately'2.75 feet below land surface (appendix
A) . Therefore 0.125 ft/nsec is a good approximation of the
average velocity. The depth to the strong reflector at 70 nsecs
is calculated to be 6.25 feet. According to well log 2AE the
silty clay unit changes from stiff to very stiff at approximately
7.5 feet (refer to figure 13a and appendix B). The interface on
the GPR profile, figure 13b, may represent this change in clay
compaction. The upper silty clay unit is approximately 6.5 feet
thick which would tend to completely attenuate the signal. This
is suggested as the reason for the attenuated zone below 80
nsecs.

It is clear from these three sites with known geology that
there are significant differences between the two types of domes.
Figure 14 shows the relationships that distinguish the affected
from unaffected cypress domes on GPR profiles. The differences
as noted on the three calibration GPR profiles characterize type
1 and type 3 cypress domes which correspond to unaffected and
affected domes respectively. A third type which is
distinguishable from the other two (type 2) was discovered during
the analysis of the domes with withheld geologic data. It is,

however, essentially a type 3 dome. The important features of

the type 3 dome (an affected site) include; a reflection-free or
attenuated zone near the center which is surrounded by
reflections on either side (only on one side if the line did not

cross the entire dome), steeply dipping reflections, and a
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relatively high velocity for the radar signal (as determined from
comparison to well log data or hydrographs). The important
features of a type 1 dome (an unaffected site) are; generally
shallow penetration of the signal which terminates in a bowl
shape below the dome, continuous reflections across the entire
"dome with no abrupt terminations, and a generally lower average
velocity for the signal propagation.

Comparison of GPR types to withheld geologic profiles

Figure 15a shows a 200 nsec sweep of EWW from the southwest
near well 3AW to the northeast and well 1AW (also refer to figure
15b) . The general features of this profile are the shallow depth
of penetration indicated by the termination of reflectors below
80 nsecs, and the bowl shape of the reflection pattern. Also
note the generally shallow dip of the reflectors, especially near
the center of the dome. These features indicate that this is a
type 1 dome.

Following the interim report the previously withheld
geologic logs and profiles for site EWW were released (figure 15p
and appendix B). Using an estimated approximate velocity of 0.20
ft/nsec to convert to depth, shows that this profile shows no
major reflections below approximately 20 feet. Evidently the
signal was completely attenuated by the silty clay layer which
has an average depth of about 22 feet below the surface. The
clay layer is shallower near the edges which may account for the
general bowl shape of the reflections. The absence of steeply-
dipping or laterally-terminating reflectors is substantiated by

the well logs provided in the interim report (appendix B).
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‘Figure 16a: is a 300 nsec sweep of STC. The most notable
features are the steeply-dipping reflectors and the reflection-
free zone near the center of the dome. These features indicate
that this is a type 3 dome, however the reflectors do not
terminate near the center as they do in the profiles from STW and
EWE. The interim report indicates that this is a sink type dome
(figure 16b and appendix B) and the reflection pattern is similar
to the type 3 dome, however the presence of continuous
reflections below the center of the dome indicates a type 2 GPR
signature (refer to figure 14). There are no layers indicated on
figure 16b which correlate with the deep reflections because they
are below the depth which well 2AC was logged. For the purposes
of this report type 2 and 3 are geologically similar cypress
domes which appear slightly different on radar lines. Type 2
domes may represent an intermediate stagé in the development of
fully developed sinkhole systems represented by type 3.

Figure 14 shows the three types of domes as seen on the GPR
profiles. 'Notice that the type 2 appears to be a transitional
form between type 1 and type 3. Both the type 2 and type 3 domes
are clearly subsidence domes and are easily distinguished from
type 1 domes. Type 1 domes are shallow depressions and the
profiles graphically display this feature.

GPR interpretation of unknown cypress domes

Figure 17 is a 200 nsec sweep of UN2 from the southwest to the
noftheast. The most obvious features of this profile are the
steeply dipping reflectors and the reflection-free zone near the

center. These features along with the presence of reflections
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beneath the reflection free zone indicate that this is a type 2
dome. The reduction in hydroperiod that this dome has
experienced in recent years seems to support tﬁis conclusion.
Figure 18 is the 200 nsec sweep of UN1 from the inside of the
dome (northeast) to the outside (southwest). The general
reflection pattern is that of a bowl shape with very shéllow
pénetration (using the approximate 5 nsec/ft conversion). These
features indicate that this is a type 1 dome. The general health'

of the dome seems to support this conclusion.

RESULTS: LLEM

The EM-34 surveys of the sites with known geologic
conditions (STE,STW, and EWE) resulted in terrain conductivity
profiles that lack any unique or distinctive anomalies which
could be used to classify the domes. McNeil (1980), modelled EM-
34 responses to various geologic settings, however none of the
models match the geologic conditions at the affected domes.
Therefore, matching the responses to known geologic settings (and
the corresponding EM-34 signitures) was not possible. Figures
nineteen and twenty are EM-34 profiles of STE (unaffected) and
EWE (affected) respectively. Notice the high frequency
fluctuations and lack of any distinguishing features which might
be correlated with the known geology. While the EM=-34 is:an
excellent tool for many shallow exploration geophysical surveys
it may not be suited for use in the weli field environment.
Probably the greatest problem to plague the surveys was the

interference caused by the electromagnetic fields from théllarge
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MICROFILE:

unshielded electric motors used for pumping ground water. The
resulting local electromagnetic fields made using the 40 meter
coil separation impossible. The 10 and 20 meter separations were
less prone to the effects of the elecﬁric motors, but resulted in
basically uninterpretable data in the context of this study.

More specifically, it was not possible to identify distinctive
anomalies on the profiles and associate them with any degree of
certainty to specific geologic conditions. This is probably due
to the complex near surface stratigraphy of the cypress domes
which produced many overlapping anomalies. Therefore, the
resulting profile represented the average 'of a number of
different anomalies and was not indicative of the overall
structure of tﬁe dome. It’s possible that the 40 meter (131.2
foot) coil separation would have been less prone to this problem
because of the increased effective exploration depth, however it

was not possible to test this hypothesis.

RESULTS: VLF and HEP

The VLF and HEP surveys are considered together because
neither method could be used alone to produce reliable results.
The VLF resistivity measurements did not produce recognizable
geophysical signatures (possibly due to shallow penetration), and
therefore are not considered a plausible method for determining
cypress dome type.

An apparent change in resistivity at depth produces the tilt
anglé anoﬁaly shown in figure 8 of the preceeding section. This

figure represents an ideal case in which the change in
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resistivity is a vertical boundary. Most field condition% are
much more complex, and therefore the resulting anomalies are
often difficult to interpret. A HEP profile from left to right
across the same vertical contact would show a simple incréase in
apparent resistivity, which would correspond to the subsurface
increase in resistivity. To simplify interpretations in this
study, sinkhole-type domes are assumed to have an abrupt
resistivity contrast with the surrouhding undisturbed sediments.
Complicating factors that change the shape, or number of
anomalies, were simply ignored or removed visually in the
interpretation process, and the overall character of the profiles
examined. Therefore, the VLF and HEP of the sinkhole type domes
should produce recognizable anomalies based on an assumed
resistivity contrast. This convention is derived from the
geologic cross-sections of the cypress domes which show generally
thicker sand columns in the sinkhole-type domes, replacing the
collapsed or absent marl/silty clay confining layer, which
generally lies just above the Tampa limestone (refer to figures
lla, 12a, and 16a). The depth, thickness, and number of
intervening clay/marl/organic silt layers is critical for this
assumption because they tend to lower the apparent resistivity
measured at the surface (refer to table 1 ). Where lower
resistivity layers are absent, the sand-filled sinkhole
represents a higher apparent resistivity target, when compared
with the surrounding undisturbed sediments. However, in cases
where a number of thin, lower resistivity layers are present in

the sand column, the apparent resistivity measured at the surface
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will be reduced and the contrast with surrounding sediments
negated (refer to figure 1lla). Therefore, it is possible for
some sinkhole-type domes to have no apparent resistivity contrast
with the surrounding undisturbed sediments, and thus, appear to
be a shallow depression-type domes on either the VLF or HEP
surveys. This is known as the problem of equivalence and is the
main reason why supporting data from other geophysical methods,
and/or drillers log information is necessary for reliable
determination of cypress dome type with either VLF or DC
resistivity methods.

Figure 2la shows tilt angle and figure 22b the 30 meter
(98.4 foot "a" spacing) HEP profiles for EWE an affected site.
The 30 meter "a" profile has an effective exploration depth (EED)
of 18 meters (59 feet). With this EED, the marl layer or the
sand/organic silt layers replacing the marl (near the center of
the dome), compose approximately 50% of the total thickness being
measured and therefore contribute a significant amount to the
apparent resistivity measured at the surface (refer to figure
lla). The HEP profile shows a general increase in apparent
resistivity toward the edge of the dome (from the outside and
inside), which corresponds with termination of the marl due to
karst subsidence. The apparent resistivity drops toward the
éenter of the dome because the organic silty clay layers
indicated on the geologic cross section, are thicker and compose
a greater percentage of the EED. The tilt angle profile in
figure 2la shows a minimum value near the edge, and has maximum

relative change in percent tilt on either side of the edge. This
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corresponds with figure 8, however the sign of the tilt angle is
different because VLF is a directional geophysical method (by
directional method we mean that the sign of the tilt angle is
dependent on the survey orientation ielative to the transmitter
and to the vertical structure). Therefore, the sign can be
ignored because the general shape and position of the anomaly
provides the pertinent information.

Figure 22a shows the tilt angle and figure 22b the apparent
resistivity profiles for STW an affected site. The 30 meter "a"
HEP profile shows a general increase in resistivity into the
dome. This increase corresponds with the ‘termination of the
marl/silty clay layer (from the geologic cross section figure
12a) which occurs just east of the edge on figure 22b. Comparing
figure 22b with 21b shows the similarities in responses of the
affected sites. The only major difference between the HEP
responses (21b and 22b) is that the apparent resistivity
decreases toward the center of the dome on 21b and not on 22b.
This suggests that the organic silty clay layers in-filling the
sinkhole at STW are either not as resistive (less clay) as they
are at EWE or they represent less of the total EED (figure 12a).

Figure 22a is the tilt angle response at STW. In general,
the response corresponds with the tilt angle profile of EWE,
which indicates the sediments in-filling the sinkhole display an
apparent resistivity contfast with the surrounding undisturbed
sediments. As in figure 2la the maximuﬁ relative change in tilt
angle occurs on either side of the edge of the dome ie. change in

resistivity. The tilt angle response of STW approximates the
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modelled response shown in figure 8. Therefore, comparison of
figures 22a and 22b with the expected modelled responses, reveals
the presence of a vertical resistivity contrast, which suggests
that STW is a sinkhole system. This conclusion is supported by
the geologic cross-section of STW, figure 1l2a.

Figures 23a and 23b are tilt angle and 30 meter "a" HEP
profileg of STE an unaffected site. .The 30 meter "a" HEP profile
shows a strong apparent resistivity contrast between the inside
of the éome, approximately 40 ohm-m, and the outside,
approximately 80 ohm-m average. The contrast indicated on figure
23b suggests that STE is a sinkhole~type dome, however the
geologic cross sections show STE as a simple shallow depression
in the surficial sand unit (refer to figure iBa). The increase
in resistivity may be due to thickening of the surficial sand
unit away from the dome.

Figure 23a is the tilt angle response at STE. The response
is generally flat inside the dome, however the tilt angle changes
dramatically from 8 to 51 meters (26 to 168 feet) outside of the
dome. This change is not entirely due to geologic factors, but
rather, represents the tilt angle response to a large steel water
pipe bu;ied approximately 90 meters (295 feet) from the edge of
the dome. The increase in apparent resistivity indicated by
figure 23b probably adds to the response caused by the water
pipe. Therefore, the tilt angle response minus the water pipe
affects would be relatively flat.

Analysis of the three cypress domes with known geologic

cross-sections indicates that neither the VLF tilt angle, or the
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HEP apparent resistivity surveys, when considered alone, provide
reliable estimation of cypress dome type. However, further
analysis indicates that when a moderate to strong resistivity
contrast exists between the sediments in-filling the karst
subsidence features (affected domes), and surrounding undisturbed
sediments, VLF tilt angle and HEP profiles display characteristic
responses. For the tilt angle profiles, the characteristic
anomaly is shown in figure 8. The HEP anomaly associated with
the affected domes is an abrupt change in apparent resistivity
near the edge of the dome. When both, the VLF and. HEP, anomalous
responses occur, at a site with unknown geology, there is better
than a 50% probability that the site is a sinkhole-type systen.
However, as noted earlier, the problems of equivalence make
absolute determination impossible without other constraining
data.

Comparison with STC, EWW, UN1, and UN2

Figures 24a and 24b are tilt angle and HEP apparent

resistivity profiles of EWW (an unaffected site). Notice how the
tilt angle on figure 24a is different from the responses measured
over the affected sites. The maximum relative change in tilt
angle occurs directly over the edge of the dome on the EWW
profile (figure 24a), whereas the maximum change in tilt angle
occurs-eifher, inside or outside of the domes on figures 2la and
22a. The shift in the maximum slope of the tilt angle appears to
be the only distinguishing characteristic between, the affected
and unaffected VLF tilt angle responses. The geologic feature(s)

which cause this shift are not readily apparent on either, the
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Figure 24a (upper) and 24b (lower). VIF tilt angle and HEP apparent resistivity profiles.
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well logs or the geologic profiles (appendix B and figures 13a
and 15a). However, it is probably related to the discontinuance
of the conductive marl layer beneath the affected cypress domes.

The HEP profile of EWW, figure 24b, shows no apparent
resistivity contrast between the dome and the surrounding
sediments. Therefore, the VLF and HEP profiles of EWW are
characteristic of an unaffected dome. The interim report
supporté this conclusion.

Fiéﬁres 25a and 25b are tilt angle and HEP apparent
resistivity profiles of STC (an affected dome). Note that the
maximum change in tilt angle is away from the edge of the dome
(figure 25a). This correlates well with the response at affected
site EWE (figure 2la). However the apparent resistivity profile,
figure 25b, does not show a resistivity contrast across the edge
of the dome. This suggests the STC is an unaffected dome, which
contradicts the tilt angle analysis results. The interim report
shows that STC is an affected site (abpendix B and figure 16a).
It is interesting that STC appeared different on the GPR profiles
(figure 16b) and therefore necessitated the creation of the type
2 GPR signatufe. lThe lack of resistivity contrast across the
edge supports the conclusion that STC is an intermediate stage in
the development of sinkhole-type domes.

Figure 26a and 26b are tilt angle and HEP apparent
resistivity profiles of UN2. UN2 has experienced a decrease in
hydroperiod recently and is therefore classified as an affected
éite. The tilt angle response has maximum relative dhange away

from the edge of the dome which is an affected dome signature.
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There is an apparent resistivity contrast across the edge of the
dome indicated on figure 26b. Therefore, the VLF and HEP surveys
seem to support the conclusion that UN2 is an affected site.
Figures 27a and 27b are tilt angle and HEP apparént
resistivity profiles for UN1l. The "good" health of UN1, in an
area of large drawdown, indicates that UN1 is an unaffected site.
The tilt angle response appears to correlate with the responses
shown over affected sites; however, there is a large watef pipe
about 40 meters (122 feet) to the NE of the edge of the doﬁe
which probably caused the tilt angle. anomaly shown on figure 27a.
The apparent resistivity profile, figure 27b, does not show a
resistivity contrast across the edge of the dome. Thus, the
"apparent" tilt angle anomaly éhown on figure 27a is probably not
geologically significant. Therefore, the profiles, shown in
figures 27a and 27b, support the conclusion that UN1l is an

unaffected site.

CONCLUSION:

All four of the geophysical techniques employed in this
study have applicability to hydrogeologic investigations. 1In
this study, the four methods were employed to determine the
position and/or presence of lateral change in subsurface
stratigraphy. The data were interpreted qualitatively as either
indicating or not indicating a subsurface change. For each of
these methods a variety of "features", both natural and man-made,
can cause an anomaly:that‘might be interpreted as a iaterél

change in stratigraphy. This is known as the problem of
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equivalence. Therefore developing reliable methods for )
interpreting the anomalies resulting from most geophysical

surveys of this type is very difficult. A large data base is

-necessary to determine the responses and anomalies associated

with complex geoclogic structures. Tﬁe VLF, HEP, and LLEM surveys
are more prone to equivalence problems and therefore require more
time for correct interpretations. Furthermore, without
supporting well log data even simple interpretations are often
questionable. GPR is less prone to problems of equivalence.
However, GPR does have some problems, including near surface
clay layers which tend to attenuate the signal, and proﬁlems in

determining averége signal veiocity for time to depth

conversions. Table 1 summarizes the results of the four methods

as to efficiency, cost, time, and reliability.

LLEM has been used in the past to detect vertical geologic
structures, however cultural interference (large unshielded
electric well pumps) made collecting and interpreting EM data at
Starkey and Eldridge-Wilde very difficult.

VLF was also affected by cultural interference such as power
lines and underground pipes. .These features did not appear to
completely degrade the data and therefore some interprefations
were possible. It appears that it is possible to distinguish the
sink type domes from the shallow depressions on the tilt angle
profiles with méderate reliability when correlated with HEP
profiles. Without constraints, either HEP or well log
information, the tilt-angle profiles of the sink types are not

readily distingﬁished from the shallow depression types.
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The HEP.surveys were very time consuming to conduct in the
dense underbrush of the cypress domes. Interpretation of
anomalies is not as difficult as the VLF and it is aided greatly
by well log information. The larger "a" spacing surveys were
effective in delineating some of the sink type domes. Generally
a resistivity contrast is associated with the sink type domes.
Many conditions can cause resistivity contrast anomalies and
therefore it is not possible to determine cypress dome type with
great confidence with HEP without additional information.

The GPR surveys provided the best results. The surveys took
the least amount time to complete and resulted in a graphic
display that was almost immediately interpretable. The profiles
showed a graphic display of the subsurface structures and

therefore the type of cypress dome could be easily determined in

a short period of time. The well data helped in determining

depths to reflectors but are not necessary for the reconnaissance

surveys.

RECOMMENDATIONS:

For studies of this type in similar geologic environments,
we would recommend using ground penetrating radar. GPR appears
to be the most efficient and effective method for studying the
shallow structural features of cypress domes. Average Qelocities
for the radar signal can be estimated to determine apprbximate
depth to interfaces. The velocity in most saturated sediments
ranges from 0.125 to 0.30 ft/nsec. For regional studies a

preliminary photolinear analysis should be used to identify

yon
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possible zones of increased sink development. Furthermore, ;he l'
transects for the HEP, EM-34, and VLF should be conducted |
.perpedicular to photolinears to detect associated anomalies.": '
Also GPR lines should be conducted next to areas of known geology 'I
to calibrate the instrument to well logs. For small-scale

studies resistivity surveys can be used in conjunction with the l
GPR lines for cross correlation. A word of caution: select GPR
operators carefully. The quality of the data is dependent on the
skill and experience of the person controlling the signal
processing unit. Finally, as was aliuded to in the preliminary
analysis, a stronger correlation of affected sites, type three |
geologic settings and fracture traces, might be eétablished by
studying a greater number of dome sites, using GPR and

photolinear analysis.
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mediua (-) plastieiry. andy
2 a5t
AEMARKS: *
° GRANULAR SOILS COHESIVE SOILS .
MOWSFT.  DeEnstY | mowssT. oemsmy
«l Y. SOFT
"~ Y.L00SE y soT
“n toose | . L owsirF
1030 L MoESE ] STFF
x50 CENSE | 1599 7" Y. STFF’
Iy Y.OENSE | , 30 HARD
NOTES: 1 ) Tha suau!‘cauon lines reprasent the sppraximate boundary between sof types and the transition may be gradual.
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. A rwarnn PROJECT Repon of Boring Numbaor 1A Hest
——,———’—SW FWM D Hydrogeologic Investigation of Cypress Sheot _ 1 ol 3
WELL DRILLING LOG [ pones tn weritrerss mece room Dute Fle —_p07620 l
Boring Co i Boring Location Starkey Wellfield
Foreman Ground Elevation ~— Well Elgvation -
SWFWMO Engineer Date Started __° —Daoondod '
° Groundwatet Rendings:
. CASING SAMPLER Daie | Depth | Casing ot | Stabikzation Time
Size: Type: Other:
Hammer: ___Ib. Hammar I,
Fall; Fall:
i | CAs, SAMPLE Sdezt WELL . FIELD
BL = ] g )
@ IFT, | No.[penmec] DerH | Blowsse SAMPLE DESCRIPTION .'.;;5203 INSTALLATION | TESTING '
38. 5 114 18/18 B8.5=19, SIHOH/IA" [Very soft, grey-green, Silcy
CLAY, high plasticity. Silcy
115 9,5=40 | Very soft, vhite,Silty CLAY, CLAY
- high plascicity. i35 Jdcrout l
43 .5 2 '
3 121 6/6 _%3.5-44 .|50/6" Very dense, brown-grey,CLAY & .
SILT, little (-) limestone
fragments, medium plasticity. HARL '
8.2 13373 J48.5-48.7]50/3" __|Similar to sbove.
53 .3 : .
141 3/3  153.5-53.7] 50/3" Similar to above.
-+—6-1inch |
57" JPVC wen2 1. ,
. 58 vo1D |
. 63" .
633 15/18/18 | 63.5-65]3-5-6 Stiff, green, Silty CLAY, - Silcy
high plastic!.ty. CLAY
68 £R 4 2.
~16118/10 { 68.5-70128=32-38 {Grey~tmice, Silty, Sandy,
LIMESTONE. . ’
73' l
171 18/15 23.5-25/22~18-32 [Similar to above. TAHPA
) LIMESTONE '
78: 18[12/8 §8.5-79.5]23-27__|similar to above.
4 . 30-65
Silica
=3. Sand
835 - st | [H20-30
13 18/12 1 8”3 5-85|10-14-24]Similar to above. | Silica "
== Sand .
E Screen -
| |Interval
REMARKS: )
. 1. Encountered a void from 57' to 63 feet belov land surface. Installed & inch diameter
steel casing to 64 feet below land surfsce and continued drilling. .
2. Top of Tampa Limestone is spproximately 68.5 feet below land surface.
GRANULAR SOILS COHESIVE SOILS . l
BOWSST, DENSTTY | BOWSAST, DENSTTY
«? Y. SOFT
[ 2] Y. Loost Py SOFT
&1 LooSE " M STFF l
1930 ILFNSE 218 STFF
—— B A .| o0 CENSE | 1390 Y.STPF
E‘MGR( ;HL?.@B " lam - VOENSE | o3 )
) NQTES: 1] The suratitication lines represent the approximate boundary between sol fypes and the transiion may be gradual, )
. -
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S W F_-W M D PROJECT Lﬂopon of Boring Number 1A West
Hydrogeologic Investigation of Cypres Shoel 3 of 3
WELL DRILLING LOG [ (0 Hellfield Iamos Dats : Flie 202620
Boring Co, Boring Location __Starkey Wellfield ‘
Foreman Ground Elevatlon Woll Elevatlon
SWFWMD Enginoar Date Stanted Date ended
Groundwatar Readings: M
CASNG SAVPLER Date | Depih | Casing ai | Siabillzation Time
Slze: Type: Other:
Hammer; Ib. Hammer: .
Fait: - Fall:
= | cas. SAMPLE Zduz WELL FIELD | @
a | & SAVPLE DESCRP A AULA
& | /77 | no.[penmec] oepH | BLowsie | DESCRIPTION EG3E | weralanon | testine | 2
38.3 - 120 115/12 B8.5-89.7117-18-50/3" Grey-vhite, 5ilty, Sandy, — —120-30
LIMESTONE. = |Silica
= Sand
E Screen
93 .3 —{ |Incerval
21 | 18/10 | 93, 5-9%" {316-401-18 Similar to above 95! F
T . ~NEH
A\
98 . 5 : Sump 3.
22-19/8 Pp8.5-99.3]28-50/4" Similar to above
Taopa
Linestone
119 '
23 118/8 =120,5123-24-28 Similar to above
]
139 ‘ - 119 6§ ' 4,
24 17/3  119-119.5{48=50/1" Fragments of Suvannee
Limestone, Shell fossils., Suwvannee R
Limestone
160 ’ Bottom of boring at 160’
REMARKS:
3. Monitor vell 1A West installed at completion of boring. :
4, Top of Suvannee Limestone is approximately 139.5 feet below land surface.
Drilling bit responded with wore resistance and a grinding noise from 139.5
to 160 feet below land surface. . GRANULAR SOILS COHESIVE SOILS
BMOWSFT, DENSHY | ROWSFT, DENSITY
" «? Y. SOFT
v . woosE | o soFT
ol LoSE | 4 .. wsieF
13 MOENSE | g g STFF
x50 DEMSE | 599 V. STFF
»50 VOENSE L .00 HARD
R 5 1) ThHo'stratificati ! be gradual.
5 ?!Ci’}?{ Eﬂ ! )L\'.I;r‘):n!vs;rauﬁauon fines represent the approximate boundary beiween sod types and the lransitlon may be g
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SVW FW MD PROJECT Raport of Boring Number 32" West
Hydrogeolegic Investigution of Cypreds Shoeot 1 ol
| WELL DRILLING LOG Domes in Wellffelds near Tamps. Date 1/5/89__ File 101620
Boring Ca American Drilling, Inc. Boring Locatlon Starkey Uellfield i
Foreman._____ Wade Thompson Ground Elevallon_._31.5' ____ Wall Elovation._34.21"
SWFWMD Englneer_toha Warcan Date S1aned _12/28/88 ____ Dateonded _1/S/89
. * Gioundwalsr Asadings: .
CASING SAMPLER Dats | Depth | Casing a1 | Siabilzoilon Time
Slze Mud Rorary Type: __Saldr Spaon Other:
Hammer: Ib.  Hammer 140 b,
Fall: d Fall: 310 inch
= | cas SAMPLE Edgr WELL FIELD
& | 8L Edozt : g
Z | /¥ [ vo. Jpenmes] oermn | siowere SAMPLE DESCRIPTION 5%303 INSTALLATION | TESTING
-1 1 118/6 1-2.5  {WOR PEAT, fibrous. .
3
Z 11878 3=4.5 |WOH Sinilar to above,
P PEAT
3 ] 18/8 5-6,.% MHOH Similar to above.
~t-Grout
7
4 118/10 -8 s MOR Similar to above,
10 10.0'
S 118/12 | 10-11.5 k-4-2 Loose, grey-brown, fine SAND
liccle (+) Sile. .
2-inch
PVC Well
13.5
6 [L8/14 13.5~-15 [1-9=7 Hediva dense, grey-brown, Siley 1.
fine SAND, little (+) Silt. fine
': SARD
8. 7 118/10 18.5-20 f1-4-1 Loose, dark brown, fine SAND
: and (-) sile,
p3. ¢ 235
8 118412 ! 73 _s_25 h-1712" Very loose, black-brown, Organic
: SILTI, ‘organic. SILT
o 28,5 1.
* 9 118/10 | 28.5-30 [5-4-4 Loose, black-brovn, fine Sile t
. SAND, some Silt. fine’
SAND
53, 13 5!
10 NR/12 31.5=-151-2-2 Very loose, black-browvn, Organic
SILT, organic. SILT
REMARKS:
1. Conducted & falling head permeability test st 13 to 15 feet in borchola 2C
and at 28 to 30 feet in borehole 2B.
: . GRANULAA SOILS COHESIVE SOILS .
BLOWSFT.  DENSNY | BLOWSFT.  DENSAY
« V. SOFT
[ Y,LOOSE py T
& Loose | .. WS
19 lL.mNSE s STFF
259 CEMSE | 599 ~ V.STFF’
ey P d Mkl 2 e
L e L
’%bTES:'I} The stratification lines represent the approximate boundary between soi lypes and the transition may be gradual, .
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PROJECT

Roport of Boring Number __2A West
SW FWM D Hydrogeologic Investigation of Cypresg Shest - ol 3
WELL DRILLING LOG Domes in Hellfields near Tampa. Date Flle 207620
Boring Co Boring Location
Foreman Ground Elevatlon Wl Elevation
SWFWMD Englnger Dato Staned Datoonded _______
. SAMPLER * Groundwalst Readings:
CASING Date | Depth | Casing sl | Slablization Time
Slze: Type: Other: _ ‘
Hammer: lb.  Hammer: Tb.
Fall: Fall:
g9 S SAMPLE DESCRIPTION Sgﬁﬁg AaATion | TESTiNG g
a IFT. | NO.IPEN/REC] OEPTH BLOWS/§& E v INSTAULATION ‘
38.4° 111 18/16| 938.5-402-2-4 lloose, black-brown, SILT,
trace (~) fine Sand, organic.| Organic
SILT ~—Crout
43 .5
124 187141 x4 S=45} J=1=1 Very loose, black-brown, SILT) -+—12-inch
organic, pieces of wood, PVC Well
1/2 vo 1 4inch.
48.5°
483 134 18/16 | 48.5-50{1-1-1 |Very soft, dark brown, Silty Silty 30-65
CLAY, high plasticirty. CLAY Silica 2.
51.5' | Sand
2478 50-52 [ WOH A
53. . NN
16| 18/12 | 53.5-55}10-9-9 |Hediua dense, light-browa, Sereen—3= 1,9 39
fine SAND, little Silc. Interval = |gi11ca 3.
SGA Sand
58. . usp
150187101, 58,5-6013. 5.5 Hedium dense, dark brown, find
SAND, 1lfiecl Sile.
Silcy
. 63 .4 fine
16118/10 | 63.5-6512-2-4  lroose, dark brovn,fine SAND,
little Sile. - SAND
68 4-Formation
terial
. 17118/10 | 68.5-70[1-1/12" |very loose, dack brova, fine Hacer
. SAND, lirtle Silt.
73
1818710 1 73 S=75{1.2.3 Loose, dark brown, fine SAND,
l1ictle Silc.
78: 1918/12 | 78.5-80|2-7-2___[stailar to above.
83.% 83.5"
. 2018/18 83.5-89[2-3-4 {ed{um stiff, black-browm, Siley
511ty CLAY, high plasticity. CLAY dgrout
AEMARKS: i
2. Obtained z sample for laboratory permesseter testing at 50 to 52 feet in borehole 2A.
3. Monitor well 2A Hest installed at completion of boring.
GRANULAR SO1ILS COHESIVE SOILS ..
BLOWSFT.  DENSTY | BLOWSFT.  DENSTTY
ot Y. SOFT
- v.Loos¢e Pt sorT
) loose | o wSTYF
134 IL.MNSE 218 STFF
J.%. CENSE | 1509 Y. SI¥F
. »8 V.DENSEY , 30 ~ HARD
NOTES: 1) The stralilication lines represent the approximate boundary between sod lypes and the ransition may be gradual.
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, PROJECT Ropon of Boring Numbar ___2A West
SW FWM D Hydrogeologie Investigation of Cypres Sheet 3 of 3 3
WELL DRILLING LOG Domes in Wellfields near Tampa. Dato Flle 207620 .
Boring Co. Boring Location Starkey Hellfield -
Foraman Ground Elovation___________ wWolt Elovation —— /
SWFWMOD Engineer Date Staned Date onded
Groundwaler Asadings:
CAsiNG SAPLER Date | Depih | Casing ot [ Siatiiization Time
Size: . Type: Other; .
Hammoer: Ib.  Hammer: . 1
Fall: : Fall: :
= | cas. . SAWPLE Zdnzy WELL e’ | ¢ Ny |
a1 8L = hiln] .
) B P PPN pa—— v— SAMPLE DESCRIPTION E5nEE | msvawAmon | testng | 3
88. 21 1.24/20 5-90.51iPuched—Black-brown, Silty CLAY, high '
plasticity, pieces of wood
1/2" to 1", l
|93.4 - .
22 118/16 B3,5-95  12-4-2 Hediua stiff, black~brown,
Silty CLAY, trace fine Send,
high plasticity. Siley
CLAY
98. 3 .
23 118716 PR.S-100 16=1-1 Similar to above, '
h
“+—Grout
10345
24 ) 18/16 103.5-105{2-2-3 Hedium seiff, black~brown, .
Silty CLAY,trace fine Sand, |
high plasticity,pieces of wood
1/2" vo 1",
L}
108}5 108.5
25 118/14 |108.5-110) 4-8~7 Hedium dense, black-brown, :
fine SAND, little (+) Sile.
Siley
fine i
113ls : SAND
26438/14 {113 Swl15]528.11  IMedium dense, dark browm, - -
fine SAND, little Silt.
1185 : 18.5" l
27 124/24 118.5-12015 Pushed Dark - brown, Silty CLAY,trace,
fine Sand, high plasticity. Silcy
CLAY ‘
12315 .
28 118/10 121 8-12418 12-12 Very stiff,green,Silty CLAY. 124.3 ‘
124.5-125{ 42 Hard,vhite,CLAY ¢ SILT, and - I
Limestone fragments,sedium HARL i
plasticity.
Bottom of boring at 125* '
RKS: '
REMARKS 4. Obtained a sample for laboratory permeameter tescting at 88.5 to 90.5 feet in berehole 2A.
GRANULAR SOILS COHESIVE SOILS l
MOWSFT, DENSTTY | B.OWSHT, DENSTY ‘
«? Y. SOFT
-~ V.L00SE 2 SOFT '
e loose | . L STFF
e "..EN 818 SIFF
BTN S 11N 8 DENSE | 159 Y.STFF .
TR A 1N iy
”“(J \UF%LERL 250 Y. DENSE 2 HARD
NQOTES: 1) The stratification lines fepresent the spproximale boundary between sod lypas and the ransition may be gradusl.
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PROJECT Roport ol Boring Number 3A Hese
SW FWM D Hydrogeologic Investigarion of Cypreds Shu‘lzl—ﬁllss of 2
WELLDR"‘UNG LOG Doves in Wellfields near Tampa, - Date Flle 107620
Boring Co American Drilling, Inc. Boring Location Srarkey Uellfileld
Foreman George DeGroot : Ground Elevation _12.6' _____ woll Elevallon _40.38"
SWFWMD Engineer _lohn Warcag Dato Started _12/28/R8 _ ___ Dale ended _12/29/8R _
* Groundwater Rendings:
.CASING SAWPLER Dale | Depih | Casing at | Siabilizaiion Time
Shze: Type: - Splir Spaan Othor:
Hammar: Ib.  Hammer: 140 b
Fait: : Fall: 30 inch
e e swPLE TION '55253 Aixtion | “TEStinG g
DESCAIP INSTALLA
S | /FT. | ho.lpenmec] oerTH | sLowsse BohEy
1 1118101 1-2.5 19-5-9  [Hedium dense, brown, fine
: SAND, lictle Silt, root fibers.’
2 118/12| 3=3.3 7-8-8 Hediun dense, 1ight brown,
fine SAND, little Silt. 6-1inch
’ PYC Well
5
3118/12 | 5.6, |3-3-9 Similar to above. .
7 Silty
431812 | 3.3 s |5-8-8 Similar to above. fine ~—Grout
SAND
10 1.
3 [18/10 | 10-11,5{4~9-17 lIStmilar o above.
.. 30-65 -
13.5 : Silica 2.
18/0 13.5-15]11-32-40 |¥xo Recovery, . |_Sand
) ] |
E Screen
8.5 6 118/10 [ 18.5-2016-15-18 |Dense, brown, fine SAND, = Interval
i lictle (4) sile. = -120-10
2 5 [stlica
Sand
3 JA 118/14 | 23.5-25{7-20- Very stiff-grey, Silty CLAY, ':“",'%”‘: Suap 3.
. high plastcicicy. CLAY 2%
1B 126/14 | 25-27 13-6-8 edium dense, brown, fine SAND| Silty 4 pentonite
litele Silc. fine Hole Plug|
) — sanp 28.%" | "ot Flue '
8. B 124720 $B.5-30.5|1-1-1-3 [Soft, brovn-grey, Silty CLAY. |
. . high plasticity.
Siley
b3, CL“:M o —4-Formation
QA 113710 {11.5-34 1 4 (reen-grey, Silty CLAY, - Haterial
igh plascicitcy.
198 34-353.6" 128-50.2" Hard, grey-vhite, SILT & CLAY,
Little Limestone fragments, HARL
ov plasticity, . M
REMARKS: 1, Conducted a falling head permeability test st 10 to 12 feet in bore hole 3A. ‘
2. The density aaod Tecovery attempt at 13.5 to 15 fest vas probably affactad by the gravel
used for the previous permeability test.
3. Honitor vell 3A West installed at completion of boring. Used bentonite hole plug from
23-40 feet,
4. Obtained a sample for laboratory perneameter testing at 28.5- | GRANULARSOILS COHESIVE SOILS .
30.5 feet in borehole 3A. MOWSFT.  DENsTY | mowesr  oewsny
«? Y. SOfFT
~ Y.LOOSE P SOFT
o LoOSE | 1y W STFF
R ] M, DENSE L SIFF
250 CENSE | 4539 ° [ X120
: \ >80 V.OENSE | , 20 HAO
NOTES: 1) The stratification lines represent the approximate boundary between sod fypss and the lransition may be 9rldu.ll. .
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S W F W M D PROJECT Report ol Boring Numbor JA Hest
) Sheet ___2 of 2
WELL DHILLING LOG Dale Flis P07620
Boring Co Boring Location Starkey Wellfield
Foraman Ground Elevalion.—e._______ Woll Elovatlon .
SWFWMO Enginoor Dato Siarted Datsended !
Groundwater Aeadings:
CASING SAMPLER Date | Depth | Casing of | Siabikization Tame
Slze: " Type: Other: :
Hammoar: Ib. Hammer: 1)
Fall: Fail;
£ | CAS SAVPLE Sdezd WELL FIELD'
@ | 8L SAMPLE DESCRIP E2RE 1 g
8 | FT. | No.[penmec| oePH | BLowse DESCRIPTION ESMEW | INSTAUATION | TESTiNG
-138.1 10 414 8.5-38,8150/4" Hard, grey-white, SILT & CLAY 1
and Linestone fragaents, low HARL ;:::;:in
plaseicity.
Bottom of boring at 38.8'
REMARKS:
GRANULAR 5015 COHESIVE 50ILS
BLOWSFT.  DENSHY | mOWSFI.  DensmY
, <2 Y. SoFT
= “l::z E2] SOFT
e ar ‘0 “ 8LSTFE
IFELM LD e MLOENSE § ) o SYF
tiad DENSE | 1539 Y.SIPF
»5 VOENSE | , HARD

NOTES:

1} The stratitication lines ropresent the approximate boundary detween soll types and the transiion may be gradual,
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QVJ lf YA YV AVEL) | uydrogeologic Investipation of Cypreds  Sheet ] of 3_TNiACen
. E LDHILL[NG LOG Domes in Wellflelds nesr Tampa, Date 125-89  rue £07620
Boring Ca. American Drilling, Inc. Boring Locatlon Starkey Wellfield
Foreman George DeGroat . Ground Elevatlon___%45-3 Weol Elevation___2/:38
~ | SWFWMD Englnoer_John Warsan Dato Started __1-31-89 _ ___ Date ended_1-S-89
. * Groundwater Readings:
.. CASING SAMPLER Oate { Depth | Casing mt | Siabikzation Time
Size:, Mud Dnrnry Typﬂ: : Qpl{r Qpnnn Other:
Hammoer; . Hammer: 140 .
Fallz Fall; 30 inch
£ cAS. ' SAVPLE CESCRPTION -Sgaag WELL - _FIELD" g
8 | /L. | no.[penmec| oePtH | BLowsse SAMPLE DESCRS £5RGY | WSTAUATION | TESTING
1 118121 1-2.5 3J-7-12 |Hedium dense, datk brown, fine
SAND, little Silt, root fibers|
3 .
42 118/14 | 3-4.3 3-9-9 Hediun dense, brown, fine SAKD stity
and Silt
- . fine
SAND -
5
1.118/10) 5-6.5 2=4=2 Loose, light browva, fine SAND) .
and Silt.
7
A4 1R{121 2.3 s 3=1-3 Similar to above
. . & . —4—-Grout
10 1!
S 118/341] 10-11.5]6-9-10 Very stiff, grey-green, Silty
4 CLAY, high plasticity
Siley ‘
. CLAY f
L3. 5
6 {18/15] 13.5-15{2-2-3 Hedium stiff, vhite, Silty '
CLAY, high plasticity
$8.5
1 118/12) 18.5-20{7-12-21 lHard, grey-green, Silty CLAY, dd6-1nch
s high Pll‘ticit’. PYC Well
b, 23.5 -
B_116/8 123,5-24,.8]10-20-50/4" Rard,vhite,CLAY & SILT,
litcle Linestone Fragaencs,
nedium plascicity
8.5 -
9. 133 lan s.28 3]50/31" Similar to above HARL
B3, .
10.1 21 3.5-33,6|50/2" Similar to above
REMARKS:
: . GRANULAR SOTLS COHESIVE SOILS .
BLOWSFT. DENSTY | BLOWSFT. DENSITY
«? Y. SOFT
[ 2] Y.LOOSE Y soFT
il lose | 4 .. wsirr
38 woewse | o SIFF
. x-50 CENSE 1538 Y. STFF
»5 Y.DENSE | .0 K0
NQTES: 1) The stratification lines raprosent the approximate boundary between sod fypes and the iransition may be gradual. .
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- [FTeNAw Heport ol Boring Number JA_Cencrad
~J) vV l VV lVl U Hydrogeologic Investigation of Cypresg Sheol ___» ol 3 .
WELL DRILLING LOG Domes in Wellfields near Tampa. Date File __P07620
Boring Co. Boring Locatlon Starkey Wellfield
Foraman Ground Elovation - Wall Elavailon
SWFWMOD Engineer Date Slarted ____ . Dato ended
* Groundwater Readings:
CASING SAMPLER Date | Depth | Casing a1 |_Stabilzation Time
Slze: Typa: Qthoer:
Hammoer: b, Hammer: b, -
Fail: Fall:
E |9 SR SAMPLE DESCRIPTION 59253 AUAT e | €
8 | /FT. | no.jpenmec] oePTH | BLowsse 0 5O Ton | WSTAUATION | TESTING | Z
38, 3 i 138, 5-38.6) soan Limestone fragments 1
43.5 -
1213/1 43.5-43.7} 5043" Limestone fragments
48.3 1313/3  |48.5-48.7] 50/3" | Hard,uhite-green,SILT & CLAY
and Limestone fragments, low 6-inch '
: plasticicy. [PYC Well .
53.3 .
141474 33.5-53,8 50/4" Similar to above
58.9 _ HARL
1514/4 58.5~58.8| 50/4" Hard, white-green, CLAY & SILT
litcle Limestone fragments,
medium plasticity.
63.4
: 1601/3 63.5-63.6 50/1" | Similar to above
+—Grout
68.
L 17242 AR . S~68_ 6l 50/2" Similar to above
73 235 2
181/ 13.5=73.4 s0/1" Limestone fragments
78: TAMPA
194/1 18.5-78_ 8 50/4" Linestone fragments
- LIMESTONE
g3,k 30-65
Silica
206/4___183.5-84 -1 S0/6" | White, Silty, Sandy LIMESTONEH _Lsand
A
—-20-30
8’ 1 si1ica
88. 1 23] 18/14 i88.5-90 25-30~-33] Similar to above = Sand
REMARKS:
1. Drilling bit responded with resistance and a grinding noise 38 to 45 feet below
land surface.
2. Top of .Tampa limestone 1s approximately 73.5 feet below land surface.
GRANULAR SOILS COHESIVE SOILS -
BLOWSFT,  DEMSHY | BLOWSFT.  DEMSHTY
«2 V. SOFT
04 V.LOOSE e coFT
&10 LOOSE o M, STFF
' 1030 moensE | 0 STFF
-20-58 CENSE | 4530 v.51FF
>50 V.DENSE | ,30 " HARD
NOTES: 1) The siratification lines ropresent the approximate boundary beiween soil fypes and the transition may be gradual.

WHC'RL”WLMM,#

81

L

- ~




—

\';

'.

W

S W FW M D . PAOJECT J Report of Boring Numbar 1A Central
Hydrogeologic Investigation of Cypres Sheat 3 of 3 - .
- WELL DRILLING LOG Domes in Wellfields near Tampa. Date Fila
Boring Co Boring Localion __Szazkey Uallfiald :
Foreman Ground Elavatlon Wall Elevatlon _.
SWFWMD Enginear Date Startad Date andoed
Groundwaler Aeadings:
CASING SAMPLER Date | Dopih | Casing ot |_Stabilization Tims
Size: Type: Other:
Hammer.: Ib.  Hammoer: Ib.
Fall: Fall:
& | cas. SAMPLE < iy WELL e | @
% | 8L rE25m %
& | /¢T. | No. [PeNmEC DEPTH BLOWS /6" SAMPLE DESCRIPTION & ﬁ"g INSTALLATION TESTRG | 2
P3.5 22 118/12 {93.5-95 129-47-43 White, Silty, Sandy, LIMESTONE f Screen
% Interval
TAMPA =
— +4-20-30
LIMESTONE =]
p8.3 98’—— Silica
23 118/12 198,5-100113-16-21] Similar tn_shoue - Sand 3
Bottom of boring ac 100' “Sump
|
I
.
REMARKS:
3. Monitor well 1A Central was installed at completion of boring.
GRANULAR SOILS | "COHESIVE SOILS
BLOWSFT.  DENSTY | BLOWSFI.  DENSAY
«2 V. S0FT
o4 V. LOOSE 24 o
- 1o LOOSE | 1y M STFF
o = Ry 1030 M. DENSE
9] Pravt L 818 STFF
C‘“\UFELL]MD 20 oense | ys9 Y. STFF
350 V.DENSE | ,30 HARD

NOTES: 1) Tho stratilication lines raprosoni the approximate boundary botwaon soil typos and the transition may be gradual,




- 4 - FHOJECT Repen ol Boring Number " 27 Central
S Y l— VV lVl D Hydrogeologic Investigarion of Cypreds  Shoet 1____ ol 2. :
WELL DRILLING LOG Domes in Wellfields near Tampa. Date 1711-89¢, P07620
Boring Ca amedric%n Drilling, Ine. Boring Localion __Starkey Wellfield
Foreman ade “nompson Ground Elovation___42.0"' __ well Blevallon _46.73"'
SWFWMD Engineer _Joha Warcon Dalg Starnad ___1—9-89 Date onded_L—11-89
* Groundwater Aeadings:
CASING SAMPLER Date { Deplh | Casing et | Stabiilzatlon Time
Size: HW and Mud Rotary Type: -__Splir Spaan Other:
Hammoer: lb.  Hammer: 140 Ib.
Fall: Fall: 30 inch
= | CAS. SAMPLE - It WELL FIELD vi
& | 8L =2RE2 :
S | /F7. | No. penmec| oePTH | Lowsser SAMPLE DESCRIPTION ESRGE | NsTAUATION | TESTING | 2
1 1.t318/8 1-2.5 HOH PEAT, fibrous.
3 .
< |18/0 | 3-4.5 |'WoH No Recovery PEAT
5
J3.118/8 5=6.5 WOH . PEAT, Fibrous,
~—-Grout
7 7
MELATA RN - Grey-brown, fine SAND, SAND 8' 1-
litcle Sile
ABY 26212 | R-10 4~3-1-9 Hedium stiff, grey-brown Siley
Silty CLAY,trace fine Sand, | -
10 high plasticity. CLAY, s 2
S5 118/14 10-11.5114-18-16 Dense,white-brown,fine SAND, 3
{ some silt. -
3.5
6 118/14 | 13.5-15[15-12~2 Medium dense, brown, fine
SAND, some Silt.
K -+—{2-inch
PVC Well
8.5 7 | 18/10| 18.5-20] 1-1-1 Very loose, black-brown, 3
fine SAND,- some (+) Silt.
p3. Silty
Bt IR0 23 5.25| 4=2-4 Loose, brown, fine SAND,
some (-) Silt. £ine
SAND
08,5 -
9 | 18/14) 28.5-301 7-20-21 Dense, white-brown,fine SAND
. lictle Silc.
33,
10 118/346 ) 31.5-315) 10-16~17 Dense, dark brown, fine
SAND, some Silt
REMARKS: 1. Hammer fall was less than 30 inches, blow counts were not recorded.
2. Obtained a sample for laboratory permeameter testing at 8-10 feet below land
surface in borehole 2C. . ) '
3. Conducted a falling head permeability test at 10-12 feet in borehole 2C and at
| 20-22 feet in borehole 2. . GRANULARSOILS |  COHESIVE SOILS
BLOWSAHT, DENSATY | BLOWSFT. DENSTTY
«2 Y. SOFT
04 Y.LOOSE 24 SOFT
10 osE | 0 str
1030 MDENSE | ) 1o STFF
-850 DENSE 1530 V.SIFE’
250 Y.OEMSE | .30 R0
NOTES: 1) The stralification lines represent the approximate boundary between soil ypes and the transition may be gradual, .
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.SW Fw MD PROJECT Rapont of Boring Number __24 Central
Shaat 2 of ‘
WELL DRILLING LOG [ Date Flla PO7620
Borlng Co. Boring Location -
Foreman Ground Elavatlon Wall Elevation
SWFWMD Engineer DaleStatad ____________  Daio snded
. Groundwaier Readings:
CASING SAMPLER Dats | Depth | Casing at .Slabiﬁzalion Time
Slza: . Type: Othor: .
Hammpr_: lb. Hammoer; lb.
Fall: Fall:
= [cas. . SAMPLE 2 Gz d WELL FELD | &
g | 8L EZREe X
& | /FT. | No.|penmec| oEPtH | BLowsse §AMPLE DESCRIPTION ESBGW | INSTAUATION | TESTING | 3
B8.4 - 111 |18/10 |38.5-40 [8-10-15 Medium dense, dark brown fine '
SAND, some Silt
“—Grout
43,
12 {18/12 {43 9245 |16-20-26 [Dense, brown, fine SAND, some 30-65
Sile S1ldica
Silty —=_Sand
’ fine 48 [-20-30
48-5 5 SAND \15 Silica
13 118/10 |48.5-50 |11-14=17 | Similar to above - Sand
50"_1\'5creen
Interval
B3, ump 4
14 118712 151 5-55_ |A-h-h edium dense, brown, fine SAND
some Silt.
-}+-Formation
1al
58. 5 Materia
15 118/12 | 58.5-60 {15-15-13 | Similar to above :
Bottom of boring at 607 5
REMARKS:
4. Homitor well 2A Central installed at completion of the boring.
5. Terminated boring at 60 feet due to the limitations of the tri-pod drill rig.
GRANULAR SOILS COHESIVE SQILS
BLOWSFT.  OENSHY | BLOWS#T.  DENSMY
<2 V. SOFT
o4 v.L00SE 24 . SOFT
1o LOOSE | 1y M STFF
- o= 1030 M.DENSE |y 40 STFF
lEROFILIED : o s
ASIAN . >80 Y.DENSE | , 30 HARD
NOTES: 1) The siralification fines represent the approximate boundary belween soil lypes and the transitian may be gradual.




: . FHUJECT Hapon ol Boring Number __JA_ Central
o VV l— VV IVl L) Hydrogeologic Investigation of Cypreds Sheat 1 ol ___. 2 |
WELL DR"‘UNG LOG Domes in Wellfields near Tampa, Dato 1/3/89 Fils £07620 l
Borlng Co American Drilling, Inc. Borlng Locatlon Stazkesr Wallfiold
Foreman Seorge DeGroot Ground Elavation

Wall Elovallon

SWFWMD Englneer _John Warcan Date Starled __1-6-49 Date ondod__1-9-89 '
* Groundwater Roadings:
CASING SAMPLER ' Date | Oeplh | Casing ot [ Siabilization Time
Size: _HY rhen Mud Rarary Type: Splir q{s'nnn Other:
Hammar: Ib.  Hammor; 140, Ib.
Fall: Falls 30 _inch
E CBAE TE SAMPLE DESCRIPTION Ewgﬁb’, Wirs Fan %
o
& | IFT. | No.[PEN.MEC| DEPTH | Blows/s® GORSEY | NSTAUATON | Teste | 2 ‘
1 1 118712 1~2.5 1=6=17 Medium denge, dark broum, fine
~{ SAND, gome Silt.
3 . ~—4—Grout ',
< las1s 3-4.5 4-11-12 | Medium dense, brown, fine
SAND, some Silt.
5 |
3 {18/10 5-6.5 3-3-5 Loose, light brown, fine SAND
and (+) Sile. «
) Siley .)
7 ’ fine 1 -
. SAND .
~t—16~1inch '
PVC Well b
10
4118710 10-11,5! 2-4-7 Hedium dense, black-brown,
: fine SAND, some Silt. 30-65 /
Siliea
1. Sand
(<
3 5 | 18/10 1 13.5-15| 5-8-9 Hedium dense, brown, fine - | }20-30
) SAND, some Silt. 39— [ s111ea ,
" = | Sand !
I={--1Screen ,
18.5 =~ {Interval 2 '
6 118/12 1 18.5-20| S5-6-7 Hedium dense, 1light brown, —]
fine SAND, some (+) Silc. 20:/= "
\Sump
. 1
b3, 23.5 3 l
2A124/20 123.5=24 nsbed Green, Silty CLAY, high i
plasticicy.
78 24.5-25.5__° White, CLAY and SILT, some |
Limestone fragments, medium I\
8. 5 plasticity. Silty ‘
81 18/12128.5-30 [ 9-19-10 Very stiff white-green Silty :
- CLAY, high plasticity. CLAY R
~{-Formation
Haterial 3 |
B3.
9 124/18132-34 PUSHED Green, Silty CLAY, high ]
plasticity. (
~t+—Grout '
8.5

REMARKS: 1. Conducted a falling head permeability tesc at 5 to 7 feet below land surface in borehole 3A.
No sample was obtained from 7 to 8.5 feet due to gravel used for previcus permeability test.
2. Honitor well 2A-Central installed at completion of boring. ’

3. Obtained a sample for laboratory permesmeter testing at 23.5-25.5 feet and at 32 to 34 feet
in borehole 3A Central. '

GRANULAR SOILS COHESIVE SOILS . , l/

BLOWSFT.  DENSHY | BLOWSFT,  OENSITY !
SOFT

.toosg | <2 v.

ot WLoosE | . soFT

10 WOSE | oy . wsweF

1030 M.DENSE | 1o STFF :

2050 DENSE | 1530 Y. STFF N

»50 Y.DENSE | 30 HARD .

NOTES:

1) The stratilication lines ropresent the approximate boundary between soil types and the transition may be gradual.
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V Mé W F W M D PROJECT Report of Boring Number JA _Central -
Sheet _2 of 2 -
- WELL DRILLING LOG Dalo Flio
Boring Co. Boring Locatlon -
Foreman Ground Elevatlon Woell Elevallon
SWFWMOD Englneer Dato Started Date ended
Groundwaloer Readings:
CASING - SAMPLEN Date | Oepih | Casing at . Slabikzation Tims
Siza: ; Typea: Qthar: :
Hammar: Ib.  Hammer: lo,
Fall: Fail:
E | cAs. SAWPLE 2ye=d WELL FELD’ | U
8L SAMP RIP ERED : £
‘2 /FT. | NO. |PEN/REC] DEPTH BLowS /e LE DESCRIPTION E"’ 5“"3 INSMU'A.TDN TESTING ~
38. 4 10.110/10 {38.5-39 .1 66=50/3'1 Hard, white, CLAY & SILT, MARL 4 Groue
some Limestone fragments
Bottom of boring at 39.2'
REMARKS:
GRANULAR SOILS COHESIVE SOILS
BLOWSFT,  OEMSTY | aLowsFr.  pewsmy
od v.toose | +2 Y. SoFT
E¥ . SOFT
T i ‘e LoosE “ M SIFF
(OFILIED - ol
259 DENSE | 1530 V.SIFF
»50 V.DENSE } ,30 ' KA

NOTES: 1) The siralilication lines represent the approximale boundary belween soil fypes and the iransition may be gradual,




S W F W M D ) PROJECT Report of Boring Number 1A East
. Hydrogeologic Investipation of Cypreds Shaal 1 ol
WELLDRILL!NG LOG Domes in Wellfields near Tampa,- Date _1-16-89 File £07620
Borlng Co. American Drilling, Ine. Boring Locatlon Starkey Wellfield
Foreman Ceorge DeGraot Ground Elevatlan 46-6  wall Elevalion__49.67'
SWFWMD Englneer _John Warcon Dale Siarled __1-10-89 Date qnd?dﬁa_g—_—
. v Groundwater Readings:
CASING SAMPLER Date | Dopth _} Casing at | Siabliizatlen Tims
Biza: Hud Rotary Type: __Splir Spoon Other:
Hammer: Ib.  Har H 140 Ib.
Fall: . : Fail: 39 _inch
g oas. SAMPLE Reoad WELL i
< t
8 | /77, | No. lpenmec] oerTH BLOWS /6~ SAMPLE DESCRIPTION 55 Swg INSTALLATION TESTING ]
1 1.1218/16 4 1-2.5 12-3-5 Loose, light brown, firne SAND,
some S1lt, root fibers,
3 .
2 18714 3=5.F [3=8-10 |Medium dense, brown, fine SAND|,
some Silt. Siley
: fine
SAND
5
3 118/16) 5-6.5 9~7-11 _Hedium dense, grey-brown fine
SAND, and Silt.
7 ~—Grout
4t QBLY4 L 2.8 s 1319-19-16]Similar to above.
10 10!
S {1816 10-11,5114=12-11 Very stiff, white-green, Silty
ACLAY, high plasticity, Silty
. CLAY
3.5 - J—lé~inch
8 118/16 | I13.5-15]3°3°3  |edium stiff, white-green,- S dneh
i Silty CLAY, high plascici_ty, :
‘18,5 18.5"
* ! {1816 | 18.5-2009-9_7 Sofe, white, CLAY & SILT,
' trace, Limestone fragments.-
3. i
2 118/17 | 93 5.25(7=5-7 Stiff, white, CLAY & SILT,
little Limestone fragments,
medium plasticity. MARL
pa. 9 |187147) 28.5-30 [24<4  Similar to sbove.
3.
10 _12/2 1.5=33.4150/2" Hard white, CLAY & SILT,
some (+) Limestone fragments,
edium plasticity,
REMARKS:
° GRANULAR SOILS COHESIVE SOILS .
BLOWSAT, DENSITY | BLOWSFT, DENSITY
«2 Y. SOFT
04 Y. LOOSE P SOFT
e LOSE} oy .. wswr
1030 MDENSE | .o STFF
PP 50 CENSE | (530 ° V.SIFF’
M‘CE?ﬂ ‘LMLE >80 V.0ENSE | 530 R0
NOTES: 1) The stratification lines represent the approximate boundary between soil lypes and the transition may be gradval,

R7

- -,




- =

' \ .
-

- l

u\ - -

i

- e =

5 VV F W 'Vl D PHOJECT & LHapon of Boring Numbar 1A _Fast
: Hydrogeologic Investigation of Cypres Shesl __ 4 ol 3
WELL DRILLING LOG Domes in Wellfields near Tampa. ' Dalo _ Flle __PO7620
Boring Co Boring Locallon N
Foreman Ground Elavation Well Elavatlon
SWFWMO Englngor DaweSlarted .. Dale anded
' Groundwater Readings:
CASING SAMPLER . Dats | Oopth | Casing ot | Stabikzation Time
Size: Type: Other:
Hammor: Hammaer: Ib,
Fall; Fall:
g S SAMPLE DESCAIPTION 5955‘9’ ALAT e | €
& | (FT. | no. |penmec] peptH | Blowsse O RGY | INSTAUATION | TeSTiNG | 2
138, 5 11012412 {48 _5-139 17-50/6"| Hard,white,CLAY & SILT, some
(+) Limestone fragments, *
medium plasticity,
43,5 -
12118/6 43 S-45163~27-24 | LIMESTONE FRAGMENTS, little
: Clay & Silt.
48. - T
E 13{3/3 48.5-48.7 5073 Limestone fragments, Jgrout
53 . .
a4 92.5=52.4 50/1" Limestone fragments. MARL
583 15:]12/8 |58.5-59.%37-50/6"
: - - White, Silty, Sandy, LIMESTONE
. 6~inch
63 PVC Welll
7 16{2/2 63.5-83.¢ 3072" Similar to above. .
68 )
- 1712/2 68.5-68.6! 50/2" Hard, CLAY & SILT, some Lime-
stone fragments, medium
plasticity.
73 - 73.5
1810710 {73.5-74.3 27/50/4"| Haxd, green, Silty CLAY,
- high plasticity. Silcy
' CLAY
78: 1918/14 78.5-80[40-20-40 | Similar to above, ;
835 83.5'
21 616 B3 S-84] 50/6" Idhite, Silty, Sandy, LIMESTONH
TAMPA
LIMESTONE
REMARKS:
GRANULAR SOILS COHESIVE SOILS .
) BLOWSFT.  DENSTY | BLOWSFT.  DENSTY
<2 V. SOFT
04 V.100SE o SoiT
+10 toose } ., M. STFF
1030 M OENSE 2.8 STFF
. ) - ,r;r- .50 DENSE 1530 . Y.STFF
EOHLFHJ:} >50 V.ONSE | 410 HARD

NOTES:

1) The straiilication lines rapresent the approximate boundary beiween soil typas and the lransition may be gradual,




S W FW M D PROJECT Raport of Boring Number 1A East
Sheat 3 of 3
WELL DRILLING LOG Date Flle
Boring Co Boring Location Starkey Wellfield :
Foreman Ground Elevatlon — Wall Elavallon
SWFWMD Enginaer. Dala Startad Date endad
Gioundwater Readings:
CASING SAMPLER Date | Dopth | Casing at .Slabilizmion Time
Size: Type: Othar: ;
Hamma(: Ib.  Hammer: Ib.
Fall: Fall:
E |5 - SE SAMPLE DESCRIPTION Sg‘ﬁﬁg NSTALLA Foe | &
S | 1FT. | No. [penmec| DePTH | BLowsie ESNGW | INSTAUATION | TESTNG | 2
B8. 5 21 15/4 88.5-88.49 s0/5" Hard, white-green, CLAY & ~L-Grout *
SILT, some Limestone 30-65
fragments. Siltca
—--Sand_
?3.5? : ]
22-12/1 93593 4. 50/2" Limestone fragments. ’ —20-30
- 9511 isilica
TAMPA = |Sand
D8 . 5 23 1177310 198,5-99, A17-40=50/5" . LIMESTONE =
[White, Silty, Sandy, - LIMESTONE
Screen
Incervall
.03.15
24 1)8/10 1103,5-109 24-37-17] Similar to above. 105"
Sump
1
1.08.5
25 118/12 1108,5-11d 20-17-20] Similar to above.
Bottom of boring at 110'
REMARKS:
1- Moaitor well 1A East installed at completion of boring,
GRANULAR SOILS COHESIVE SOILS
BLOWSAHT, DENSTTY | BLOWSAT, DENSITY
<2 V. SOFT
o4 Y.L00se 24 SoFT
10 LoOSE " & STFF
1030 JL?ENSE 18 SIFF
r 5 - o r: X-50 DENSE 1530 Y. ST¢F
MK*\UFELMLQ >50 V.0ENSE | , 30 HAo
NOTES: 1) The stratilication lines represent the approximate boundary belween soil lypos and the transition may be gradual,
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T s Hupot of Baring Number 24 Fagt
— 4 ’ Hydcogeologic Investigation of Cypress  Shaal 1 of 2
WELL DRILLING LOG Domes in Wellfields near Tampa, Date _1/26/89 Fyq P07620
Boring Co American Drilling, Ine. Boring Locatlon Starkey Wellfield '
Foreman George DeGroot i Ground Elavation 44.7' Wall Elavation ___48. 64
SWFWMD Engineer_John tarcon Date Stanted ___1/24/89 /74 78903“, anded___1/26/89 726789
' Gioundwater Roeadlngs:
CASING SAMPLER . Date | Depth | Casing ol | Siabilieation Time
Slze: uu_and Mug Rotacy Type: __Splir Spoan Other: :
Hammer: lb.  Hammer: 140 b,
Fall: Fall: 30 _inch
& | cas, SAMPLE Shezd WELL FIELD | @
% | 8L cEREa
& | /F7. {wo.penmec] oerm | atowsre . SAMPLE DESCRIPTION ESREW | INSTAUATION | TESTING E
1 A 124/8 | 09 1-3-4=-5 | PEAT, fibrous.
PEAT
2 : ~-Grout
2 1 24/8 2-3 " |1-§ Similar to above,
. 3'
3-4 -1 5-5 Stiff,grey,Silty CLAY, '
high plasticity,
4
Al onss ) hag” LBl Similar to above.
~+—t2-inch
PVC Wel)
6 Silty =1
412406 1 6-8 A=4-5-7 | Similar to above. CLAY
8 ‘ 1.
3.1.256/16] 8-10 . h-8<15-21 Very stiff, grey-brown,Siley
CLAY, high plasticity,
30-65
. Silica
10 10’ | _| Sand 2.
S 118012]10-11,5 | 7-21-22 Dense,grey~white,fine SAND, ] ‘
. little sile. . 1 [ F20-30
I Ist1ica -
Silcy § Sand
3.5 fine =
7 [18/12] 13.5-15 | 5-6-5 Hedium dense,light brown, . = f“:““ 3.
£ine SAND, some (+) Silc. AND = |Interval
16]
8. 185 Neymp
8 {18714 18" 520 | 1-4-6 Sciff.brown—grey.suty CLAY,
t;aceifine Sand, high —Benconite
plastic ty' Sllty Hole Plug
23,5 ctay | |
9 | 24/18 23.5-25.81/12"-1/112" Very soft,grey-green,Silty
. CLAY, high plascicity,
~tFormation
‘ ’ Material
28, 4 .
10 18/10f _28.5-30 3718" Very soft,white,CLAY & SILT, 28.5"
little Limestone fragments,
medium plasticicy. MARL
REMARKS: ) ‘
1. Obtained a sauple for laboratory permeameter testing at 8 to 10 feet and at 23.5 - 25.5 faet
below lznd surface in borehole 2A,
2. Conducted & falling head permeability test ac 11 to 13 feet below land surface.
3. Honitor well 2A East installed at completion of the boring. )
GRANULARSOILS |  COHESIVE SOILS .
BLOWSFT.  DENSTY | BLOWSFT.  OENSmY
<2 < Y.SOFT
o+ Y.LOOSE 24 SOFT
oo lOOSEY L, st
I o MSE g
. . >% Y.DENSE | ,30 HARD
NOTES: 1) Tha siratification fines Ieprasent the spproximate boundary between sail lypes and the iransition may be gradual.
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. S W F W M D PROUECT Report ol Boring Mumbaer 2A-Eace
: Shaaet 2 of 2
WELL DRILLING LOG , Date Flla
Boring Co _ Boring Locatlon -
Foreman Ground Elevatlon Wall Elavation
SWFWMD Engineer Dale Started ______ Date ended
Groundwater Readings:
. CASING SAMPLER DOate | Depth | Casing at | Stabikization Time
Siza: . Type: Othaer: \l
Hammer_: Ib.  Hammer: b,
Fall: B Fall:
= | cas, - SAMPLE Boe=zd | wew FELD | 4
T . E2EEa x
S | 1F1. | No.|penmec] oePTH | BLows/er SAVPLE DESCRIPTION (0 RGy | NSTAUATION | TEsTNG | 2 s
33. 1 11 118/10 ¢ 33 5,35 120-17-8 Very Stiff, white, CLAY &
SILT, some Limestone MARL Formation
fragments. : Material y
Bottom of boring at 35°' )
"\
AEMARKS: !
GRANULAR SOILS COHESIVE SOILS _
BLOWSHT, DENSITY | BLOWSHT, DENSITY
. «2 V. SOFT .
. , . o4 V.LOOSE hyy orr
' - ﬂ 10 LoosE " o STEF
T tde 1030 M.OENSE | 445 STFF ‘
MW) \QF‘LlJL‘” : X0 0ENSE | 1530 Y.STFF I
»5 Y.OENSE | 430 HARD
NOTES: 1) The siralification lines fopresent the approximate boundary beiween soll types and the iransition may be gradual,
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- hiodect Raport of Baring Number ____ 34 Fase
e VV ‘ VV lVl L) - | .Hydrogeologic Inovestigation of Cypreds Sheal 1 2
WELL DRILLING LOG ' o
- Domes in Wellfields near Tampa, Date _1/19/89 Fyq P07620
Boring Ca. gmerica; Drilling, Inc. Borlng Locallon Starkey Wellfield
Foreman eorge DeGroot Ground Elevallon__45.9 Woll Elevallon.__48.84"
SWFWMD Engineer__Joha warcon - Dale Started 1-18-89 Dato ended __ 1—19-89
' . Groundwaler Aeadings:
CASING SAMPLER Dats | Dupth | Casing a1 | Stabiization Tims
Slze:_HH _rhen Mud Rararvy Type: __Splir Sponn Othar:
Hammer: Ib.  Hammar: 140 Ib.
Fall: Fail: 30 _inch
= | cas. SAMPLE « 3 v
o | 8L =dexl WELL FIELD
& | JFL. | No.|penmec| oePTH | aLowsse SAMPLE DESCRIPTION R0 SEY | INSTAUATION | TESTING | 2
1 11187121 1-2.5 S=7-9 Hedium dense, brown, fine
: - SAND, some (-~) Silr.
~t—Grout
2118/12] 345 2=11=11_ | Similar to above,
i 6-inch
5 PYC Welll
3_118/12 | 5.5 5 6~4-8 Similar to above, :
7 N Silty
At18/12 1 7.8 5 199-44-11{ Very dense, brown, fine SAND, fine 30-65
d (+) si1 SAND Silica
an t. Sand
7/
10 100) "1 50-30
5_118/10 | 10-11.516~6-8 Hedium dense, 1light brown, —] Silica
fine SAND, some (-) Sile, Sand
. —i{Screen
. Interval]
3 6 | 1876 13.5-15|I0-I3-1I3} Medium, dense, brown-grey, ]
. SILT, litrle fine Sand. 15' =3
h Sump
. - |Hedium,st1ff,grey-brown, CLAY & L
18- A 18/10 | 18.5-20] 4-3-3 |SILT,and fine Sand,trace 1ime-] -fBentonite
Hole Plug
stone fragments,low plasticity]. 20,51
78| 24/10 20.5-27.5|Pushed |Green, Silty CLAY, hxgh' . Siley
b1, - plasticicy. CL% 5t
8 118/12 | 93 5_75]5-8-5  |Stiff,white,CLAY & SILT,some *
Limestone fragments,medium
plasticity.
8 ; MARL
8- 3 118/12 | 28.5-30[10-26-24 [Hard, white, CLAY & SILT, ~TFormation
. lictle, Limegtone fragments, Haterial
wedium (-) plasticity.
p3.
10,1 11/10 B3.5-34.4]24/50/5" |Similar to above,
HEJW_\RKS: 1. Conducted a falling head permeability test at 5 to 7 feet and at 10-to 12 ft. in borehole 3A
2. Monitor well 1A East installed at completion of boring.
3. Obtained a sample for laboratory permeameter testing at 20.5-22.5 feet in borehole 3A.
GRANULAR SOILS COHESIVE SOILS .
BLOWSFT. DENSITY | BLOWSFT. DENSKTY
«2 Y. SOFT
el
«10
2 L2 ] M. STFF
I i .
'JH?LHLD . 1030 oense | ' -
J0-59 DENSE | 1530 ° V.STFF
»50 V.DENSE | ,30 : HARD
NOTES: 1) The stratification fines represent the approximate boundary batween soil lypes and the transition may be gradual,
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' S W FW ND FROJECT Report ol Boring Numbar a8 Eace
|- WELL DRILLING LOG ) ' Shaet __2 ol 2

Date __ File

Borlﬁq Co
Foreman
SWFWMD Engineor :

Boring Location
Ground Elavatlon

Woll Elevatlon

Dato Started Date ended
Groundwater Readings:
CASING SAMPLER Dats | Depth | Casing at | Stabillzation Time
Size: Type: Other; -
Hammar: Ib.  Hammer: to. -
Fall: " . Falis i N j .
= | CAS. .+ SAMPLE < : “ y
a | gL Edoex WELL FIELD 4]
8 | 1Fi. [ No.|penmec] oerH | elowsse SAMPLE DESCRIPTION S5 RGW | INSTAUATION | TESTING | 3
q 1 e
38. 1 3814138 54014803836 ] Hard, white, CLAY & SILT, Formation
little Limestone fragments. HMARL Haterial

Bottom of boring at 40°

-

2

- e ek W e W

. REMARKS:

GRANULAR SOILS COHESIVE SOILS
BLOWSHT, DENSTTY | BLOWSFT, DENSITY
o4 V. LOOSE <2 Y. 50FT
4. SOFT
+10 LOOSE "o M. STEF
1030 WOeNSE | (1o cner
. xS0 DENSE | 530 V. STFF
‘ >80 Y.DENSE | ,30 HARD

. NQTES: 1) The stratilication lines represent the approximate boundary between sail lypes and the iransition may be gradual.
| .
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\ . bydtugeologic luvescigation ;:)E Cypresp Sheet 2 ol 2
WELL DRILLING LOG [y ~

Domes in Wellfields near Tampa. Date Fila F07620 .
Boring Co, Boring Locatlon : -
Foreman Ground Elevatlon WellElevatlon_______

SWFWMOD Enginger Data Started

—_———  Dateended______

. ) Groundwater Readings:
CASING SAVPLER Date | Dapth | Casing at | Stabitzation Time
Slze: Type: Other: .
Hammar: lb.  Hammar: Ib.
Fall: . Fait:
% CBAE AL SAMPLE DESCRIPTION Eg E“z"’o’ iy i g
S | 1FL. | NO.[PENmEC| DEPTH | BLows/e A O TOE | INSTAUATION [ TESTNG | 2
38,4 111 _6/6 B8.5~39 50/6" Hard, grey-white, SILT & CLAY],
low plasticity, some Limestonk 6 inch
Fragments. MARL MARL T lpve Werr
43.3
12 | 474 p3.5-43.8| 50/4" Similar to above
46" 3
14 8.3 ~—Grout
13 ] 2/ HB.S5-49.6] s0/2% Limestone fragment
30-65
55 | _| Sildica
TAMPA L. Sand
-20-30
Lmss'_rogg"z Si11ca
. —1 Sand
60 T = Screen
4 - ! j— 5
1 A0 HASH Limestone Cuttings = |tncervay
65 =|
68
70,
15 Z 30! HASH Limestone Cutrines . ‘ 4
Bottom of boring at 70' “Sump
REMARKS: 3, Top of Tampa Limestone is approximately 46 feet below land surface. Drilling bit
responded with resistance and a grinding noise from 46 to 70 feec below land surface.
4. Monitor well 1A West installed at completion of boring.
GRANULAR SOILS COHESIVE SOILS
BLOWSFT. DENSATY | BLOWSFT, DENSITY
«? ) Y. SOFT
f o4 V.LOOSE 24 SOFT
&£90 LOOSE P i STFF
. , 1630 M. DENSE ”s STFF
11 ;;"“B ) .59 DENSE ' IeF
“ogriih.i_ - 1530 V.S
»50 V.DENSE | .30 - HARD

NOTES: 1) The stratification lines represent the approximate boundary between soil fypes and the transition may be gradual,
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Hydrogeologic Investigation of Cypreds

'

o ———i e

T Shoet 1 ol 2
WELL DF“LLING LOG Domes in Wellfields near Tampa. Date _L1/10/A8 File 07620
Boring Co American Drilling, Inc. Boring Location _Eldridge=-Hilds Wellfield
Fareman George DeGroot Ground Elevallon__ZZ.Bé... — Wall Elovation __31,97'
SWFWMD Engineer__tohn Warcon Date Started __11/9/88 Date onded 11(10[85
Groundwalsr Roadings:
CASING SAMPLER Dale | Dopth | Casing at | Stabilizalion Time
Slza: = Type: __Splir Spaon Othar:
Hammar: lb.  Hammaer: 140 Ib.
Fall: Fall: 30 4nch
E | CAS. SAMPLE < S - .
a | 8L : Edezd WELL . _FIELD -
& | /¢T. | Ho. |pENmEC|  OEPTH | BLows/e SAMPLE DESCRIPTION £S5 A5 | WSTALUTION | TESTING | 2
1 1l ti1an21 1-2.5 4-4-8 Loose, light brown, fine SAND
trace (+) Silt.
: : Silty
4 118/20| 3-4.3 4-8-8 Medium dense, grey-brown, find fine
SAND, 1ittle Silt, root SAND
fibers.
!
5 . 50
3. 118/10¢ 5-5.5 3 Stiff, grey-brown, CLAY & SILT] LLAL &
N SILT S §
medium plasticity.
S8.5=6.51 -8 Medium dense, black-brown fine
SAND, little Silt.
7 .
4. 118/101 9.9 « 6-6~6 |Medium dense, dark brown, £ine Silty 1 Groue
. SAND, litele (+) Sile. fine
SAND
10
5 138/12 | jo-j1.5] 7-14-21|Dense, dark brown, fine SAND,
Jlittle (+) Sile.
. 3.5 137
 Ligsag | 13:5-151 9.9.5 |Medium seiff, black-brown,’
Silty CLAY, high plasticity, Silty
’ CLAY
8.5 7A| 18717 | 18.5-19] 15 ISimilar to above. 191 1 t6-1neh
T . PVC Well
78 19-20 12-8 Medium dense, light brown, Silty
fine SAND, 1lirtle (-) Silt. fine
b3. Sandy. 3
B_{1R/12 | 23 S-25] 9-8-5 |Sciff, black-brown, mottled, |Silty CLAY
Silty CLAY and fine SAND, .and
medium plasticity. fine SAH?
1
pa. . Vo1Dp
L%
w [Hard, grey-white, SILT & CLAY,
ha e e s ;0/4 low plasticity, some Limestoné
‘ N fragments. MARL.
14 5/6. A3.5=341 SO/ Similar to above,
HARL
' 2
+ 38.5
REMARKS: 1. Encountered a void from 27 to 31.5 feet below land surface. Installed a 10 inch
diameter steel casing to 15 feet below land surface and added several bags of stone
to £111 the void in the borehole.
2, Observed 1 to 3 inch chunks of organic matter rising in wash from about 35 feet
below land surface.
GRANULAR SOILS COHESIVE SOILS .
BLOY/SFT, OENSMY | BLOWSHT. DENSITY
-« V. SOFT
o4 Y.lOOSi 24 SOFT
&10 LOOSE “ W STFF
1030 H.OENSE | 44 SIFF
20.50 CENSE | 4530 ° V.STFF’
250 Y.DENSE | .30 HARD
NOTES: 1) The stralificalion lines represent the approximate baundary between soil lypes and the transition may be gradual,
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Hydrogeologie Investigation of Cypreds  Sheat 1 of 1
WELLDH”‘UNG LoG Domes in Wellfjields near Tampa. Date _11-16-86Flla____P07620
Boring Co :merican Drilling, Ine. Boring Loc‘allon_Eldridgg-!:H‘ldp “gilﬂpld
Foreman. eorge DeGroot " Ground Elevation __26.36 ___ wall Elovatlon__ 31,19
SWFWMO Englneer_tohn Warcaon Dalo Startod __11-16-88 Datoe ended__11-16-88
* Groundwalser Readings:
CASING SAMPLER Daie | Oepth | Casing e | Siabilizztlon Tima
Slzay__ HW Type: __Splir Spoon > Other:
H: 4 lb.  Hammer: 140 Ib.
Fali: Fall: 30 _inch
= | CAs. SAMPLE < - o
& | sl ICR-E 5 WELL FIELD
S | 171 | No.|penmec] DEPtH | mLowsse SAVPLE DESCRITION B0 "EY | INSTAUATION | TestG | 2
1 11 18/4 1-2.5 1/12"-1 | PEAT ) v
. PEAT
3 .
AT 187161 33.3 Similar to above 3.5°
pa:] 3.5=45 [ 1Z2=7 Dense, grey-brown, fine
SAND, trace Silt.
5 ~=i2-inch 1
3 1 JA/16] 5-6,5 | 9-15-15| Similar to above PVC Well
7
5.1 18/16) 9.9 « 4215-12 | Hedium dense, brown, fine
SAND, little Silt
Siley
fine
10 SAND .
S 1 1B/12] 10-11.5{ 9-9=7 Similar to above
~+—Grout
3. g
6 | 18/12| 13.5-15] 2-4=% Hedium dense, dark brown, 30-65
fine SAND, little (+) Silt. Silfca 1
°t | =-Sand
18] IM3-20-30
88,5 ' — Siliea
7 ] 18/16] 18.5-20] 4-5-6 Similar to above = Sand
§ creen
'__-—-_- Interval
23, :
23. Loose, brown, fine SAND,
Al 26/18] 21 s 25| 31-123 litele Sile. 25' 2
25-25.5 | 4 Black-brown, Silty CLAY, uop
Silty
- high plasticity, CLAY
9 | 26/18| 25.5-27 [ 3-4-B=13 Stiff,black-brown,Silty CLAY
27-21.5 high plasticity. . —T—Grout
; . Dark brown, Organic Matter
. - Bottom of boring at 27.5' 3
REMARKS: 1. Conducted a falling head permeability test at 5 to 7 feet in borehole 2C and at
13 to 15 feet in borehole 2B.
2. Honitor well 2A West installed at completion of the boring.
3. Obtained 2 sample for laboratory permeameter testing at 25.5 to 27.5 feet.in
borehole 2A.
- . GRANULAR SOILS COHESIVE SOILS .
BLOWSHT,  DENSMY | BLOWSFT.  DENSITY
«2 v. SOFT
04 V.L0OSE by ST
10 toose | - . s
1039 MOENSE | | STFF
0.0 CENSE | 1630 " V. STFF
, 5 V.DENSE | .30 HARD
NOTES: 1) The stratification lnes represent the spproximate baundary batween soil types and the transition may be gradual.
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~— wd A WwWOAME LS Hydrogeologic Investigation of Cypreds Shaet 1 of 2 1
WELL DRILLING LOG Domes in.Wellfields near Tampa. Date .11-14-88 File F07620 '
Boring Co, American Drilling, Inc. Boring Location _Eldridge=Wilde Wellfield ‘
Foroman George DeGroot Ground Elevallon __28.28 Woll Elovatlon __31.92 X
SWFWMD Englneer _Joha wateon Dalo Started _ 11-11-88 Date endod _11-14-88 '\
. * Groundwater Readings:
CASING SAMPLER Dale | Depth | Casing a1 | Stabilization Time
Slze: HH_then Mud Rotary Type: __Spldr Spoon Other:
Hammor: Ib.  Hammor: 140 Ib. l
Fall; : Fall: 30 _inch
& | cAs. SAMPLE « o vl
ol Fda=EY WELL FIELD 2
S | /FT. | No.[pensmec] DEPTH | BLowsse SAUPLE DESCRIPTION HOREY | NSTAUATION | TESTNG | 2
1 1]18/8 1-2.5 4-6-8 Hedium dense, brown, fine
SAND, litrle Silt,
-16=1inch l
T [ 1878 | 34,3 [ 7-II-II| Mediun dense, light brown, FYC Well )
fine SAND, 1little Silt.
5 I
3 1 18/161 s5-§.5 6-7-10 { Similar to above,
. Si}ty ~+—Grout
fine !
7 SAND
4.1.18/301 7.8 5 Bufiml Yedium dense, brown, fine
SAND, litecle (+) Sile, l
. 1 A
10 30-65 2
3118212 10-11,5]| 9-19-15| Dense, brown, fine SAND, Silica
little Sile, - [~ Sand !
-1 [F-20-30
. 12 = Silica
£3.5 =] Sand
6 18710 13.5-15| 5-3-3 Loose, brown, fine SAND, - = an -
litcle Silt. ={—-5creen A
=] {Interval
1=
. 18. |
18.5 - \~5
loa/14) 18.5-20| 1-3-4 ! Medium stiff, black-brown ump 3
Silty CLAY; high plasticity 4
78 20-20.5 7 Dark brown, Organic Matter, Siley | .
- CLAY )
P3.
8.1 18/12] 21 s_95| 3-4-4 Medium stiff, black-brown,
Silty CLAY, high plasticity.
~t~-Grout n
s 5 28.5° '
. 9 | 18/101 28.5-30] 3-8-7 Hedium dense, dark brown, e
fine SAND, little (+) Silt. Siley N
fine .
SAND ‘
p3.
- Loose, light brown, fine '
1AL 24/16)] 331 .5-341 2 SAND, 1ittle Silt. '—SIIt—y‘y .
Medium Stiff, green-grey CLAY 35°
L0B 34-35 - 2-2 Silty, high plasticity.
hoc 35-35.5 | 3 geEégg s;iffggte swbite ,SILT| MARL
REMARKS: ' ‘
1. Conducted a falling head permeability test at 18.5-20.5 feet in borehole 3A. f
2. The density of sample 5 may be affected by gravel used in the falling head test.
3. Monitor well 3A West was installed at completion of boring.
4. Obtained a sample for laboratory permeameter testing ac 18.5-20.5 feet in borshole 3A. :
: GRANULAR SOILS COHESIVE SOILS . Sl,
BLOWSFT,  DENSHY | BLOWSFAT.  DENSTY
04 v.Lo0se | <2 v. seeT
4 SoFT .
o LoosE | g M. STFF i
1030 M. DENSE 515 STFF
! 20-50 DENSE | 1590 ° Y. STFF
>50 Y.0ENSE | ,30 HARD
NOTES: 1) The stratification-lines represent the approximate boundary between sail fypes and the transition may be gradual.




S W F_- W M D PROJECT Repont ol Boring Number JA _Hest
Sheat ___2 of 2
WELL DRILLING LOG - Data File __P07620
" " Boring Co Boring Location __Eldridge-Wilde Wellfield
Foraman " Ground Elevallon Wall Elsvatlon
SWFWMD Enginear Date Started Date ended -
N Gioundwater Roadings:
'CASING SAMPLER Date { Depth | Casing at | Siabikzation Time
Size:. Type: Other:
Hammar: lb. H : to.
Fall: Fall:
= | CAS. SAMPLE < -3 WELL IELD o3
&1 8L . '—g"ﬁm E FIEL
&8 | /Fi. | vo.penmec] oePTH | BLowsse SAMPLE DESCRIPTION EERGE | msTauATon | TesinG | 2
- 138. 5 111 18/10138 Sl | 11216=111" Very stiff, grey-white, SILT
& CLAY, low plasticity, some| MARL -[~Grouc
Limegtone fragements.
Bottom of boring at 40'
AEMARKS:
GRANULAR SOILS COHESIVE SOILS
BLOWSFT.  DENSAY | BLOWSFT.  DENSAY
«2 Y. SOFT
2] V.100SE iy SO
10 {0OSE “ M STFF
. 1030 MOENSE | 445 SIFF
: x50 DENSE | 1530 Y. SIFF
S 1 oo e 250 V.DENSE | 20 HARD
ROFLESED .
* iNOTFES: 1) The siratilication linos ropresent the spproximate boundary batwoen soil typas and the transilian may bo gradual,:




) S W F W M D PROJECT Report of Baring Numbar __ 1A_East
D Hydrogeologic Investigation of Cypreds  Shaet 1 of 2
. . WELL DRILLING LOG

Domes in Wellfields near Tampa. Data _11/2/88 fyq P01620
. Borlng Co American Drilling, Ine. Boring Location.__Eldridge-Wilde Wellfield .
Foreman George DeGroot Ground Elevatton .. _34-70 ____ wol Elovatlon__38-63
SWFWMD Englneer _loha Uarean Dalo Slarted __10-31-88 Dato onded _11-2=
) ' Gioundwaler Readings:
CASING SAMPLER Oats | Depth | Casing st | Statwlizallon Time .
Size:__Hud rotary-open hole Type: L _Splir Spnan : Other: ,
Hammer: Ib.  Hammoer: 140 th.
Fall: : Fall: 30 4nch
Z |cas| SAMPLE < ; vi
a deo=zy WELL ._FIELD
o] 8L | EZRaa \ = :
3 {FT. | NO.[PENJREC] DEPTH BLOWS /6~ SAMPLE DESCRIPTION E"S"g INSTAULATION TESTING =
1 11187101 1-2.5 §=7=9 |Medium dense, brown, fine ’ -
SAND, trace (+) Silt. l
3 : .
< |18/10] 3-4.3 4-5-5 |Hedium dense, light browm, ’
’ fine SAND, trace (+) Silt. '
X . /
5
3 18/R | $-6,5 2=2=1_ |Very loose, brown, fine SAND,
. lictle Silce. . 1 Groue
s
7 . Silt | ' .
41 18/10| 9.9 ¢ J-4-7 Hedium dense, dark brounm, finey . ! .
fine SAND, little (+) Silc. !
) SAND )
10
5 {-18/10]| 10-11.5] 5-6-8 |Similar to above. !
13,5 I
8 118/10] 13.5-151 3768 |similar to above. \
° 6~1inch
PVC Well l\
18- 1 118/8 | 18.5-20] 6-16-28|Dense, dark brown, fine SAND,
: litele (+) Stle. .
3. )
8 | 18/8 23 _5-251 8-8-~16 |Medium dense, dark brown, .
: . fine SAND, little (+) Silt. I ¥
i |
o
8. 9 118/12 | 28.5-30110-20-21|Dense, dark brown, fine SAND,
) lierle (+) Silt. ‘
D3, Hedium stiff, mottled, brown 335! o
10A 18/18 133,5-34,5| 2~3 CLAY & SILT with dark brown ..
Silty CLAY, medium (+) plastigity. '
10R 34.5-35 | 1 Brown, CLAY & SILT, medium HARL
plasticity, lir.:le (=) Limestche )
fragments.
REMARKS:
‘ . GRANULAR SOILS COHESIVE SOILS . l
BLOWSAT,  DENSTY | BLOWSFT.  DENSTTY '
«2 Y. SOFT \
04 ¥.LOOSE hy ST
10 LOOSE “ N AL STFF
1090 woense | e STFF
»so o oE | gsg0 T ysE :
»0 " V.DENSE { ,30 HA0 '
NOTES' .

1) The stratificatlon lines represent the approximale boundary between soil lypes and the transition may be gradual,
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. VV F Vv lVl D i FHOJECT Report of Boring Numbor 1A_Easr
b Hydrogeologlc Investigation of Cypresk Shool __ o of 2
WELL DRILLING LOG Domes in Wellfields near Tampa. Date Flls __P07620
Boring Co Boring Locatlon___Eldridge-Hilde Wellfield
Foreman Ground Elavalion WellElevatlon _______
SWFWMO Enginoeer DateStaned __________  Datg ended
* Groundwalter Readings:
CASING SAMPLER Date | Dopth | Casing at | Siabillzation Time
Sizae:, - Type: Other:
Hammer: Ib.  Hammar: Ib.
Fall: Fall:
= | cas. SAMPLE Bdezd WELL - FIELD | &
o | aL Edezg
2,5 [vo. PENREC] OEPTH BLOWS /6 SAMPLE DESCRIPTION E" Sug INSTAULATION TESTING é
" 138, 1 11Al18/6 18'5-394101!:1—_‘!_50&, green-grey, Silty CLAY,
high plasticity.
- Grey-vhite, CLAY & SILT,
118 39.5=40 little Limestone fragments, .
43 .4 “Imedium plascicity. MARL
18/16 - 1=b-
1218016 | 43 s-as S Seiet, grey-vhite,CLAY & SILT,
little Limestone fragments, ) ~+—6-1inch
medium plasticity. PVC Well
s . : 48.5°
- 131 18/16 48.5-50111-24~-11 Hard, green, Silty cLAY,
. high (=) plascicity.
. Silty
5 4 X CLAY
14118/16 | 53.5-55|14-18-16 |similar to above
~t—Grout
86.5"
58.3 )
151 4/2 158,.5-58.8 50/4" ILimestons fragmentsg
: 30-65
Silica
4-Sand
65 . -
TAHRA o\ 20-30
=] —T-Silica’
LIMESTONE = Sand
70 =
E—- Screen
=~ {Interval
75 : = 15 HASH Limestone cuttings =
78' =5
~ =
8a ; =
Bottom .°£ boring at 8.0 . \Sump
REMARKS: 1. Top of limestone is approximately 56.5 feet below land surface. Drilling bit
responded with resistance and a grinding noise from 56.5 to 80 feet below land surface.
2. Mouitor well 1A East installed at completion of boring.
GRANULAR SOILS COHESIVE SOILS .
BLOWSHT, DENSITY | BLOWSST, DENSAY
2, ¥. SOFT
o4 Y. LOOSE 24 SOFT
10 Lot s wswer
. 1030 "-‘.xNSE 5.1 STFF
2050 DENSE | 1530 V.SIFF
>50 V.DENSE | , 30 HARD
NOTES: 1) The stratitication lines represent the approximate boundary between soil lypes end the transition may be gradual.
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S VV FVV lVl D PHOJECT Ropori ol éorir_u; Number _~_2a gace
Hydrogeologic Investipation of Cypreds ° Shaet 1 ol 1 !
: . WELLDR”—LING LOG Swamps in Wellfields near Tampa Date .11 /22188 Flle P07620 .
Borlng Ca (A:.merican Drilling, Ine. Borlng Locatlon Eldr’idze-"ildu Hellfield
Foreman corge DeGrooc Ground Elevatlgn___23:90 __ wall Elevation___________
SWFWMD Englneer__John Wareon Dale Started . +1-21-88 — Date onded__11-22-88 ‘
' ’ * Groundwater Asadings:
CASING . SAMPLER Date | Depth | Caslng a1 | Siabilization Times .
Slze:___uy ~ Type:. _spiir Spoan Other:
Hammer: b, Hammar: 140 b, ‘
Fait: Fall: 30 _inch
Eleas| SAMPLE < v
o | gl Sdezy WELL . _FELD
S | /7. | No.[penumec] oertH | Browsre SAMPLE DESCRIPTION 5O REY | WSTAUWATION | tesTinG | F
1 1.118/16 | 1-2.5 1/18" PEAT, fibrous.
. -
3 . '
Z | 18/ 9 | 3-4.5 |Wou/is 1 '
PEAT !
5 2.
3 |18/16 | s_g 5 | WOH/1B Similar to Above. '
7 .
4 18/12 | 355 11/18" | similar to sbove. l
|
10
SAL18/12 %0-11,1 | 1/18" Similar to above. { T]2-inch |
) . . 11.1 PVC Well ‘
5B 1.1-11.5 Very soft, black-brown,Silty| si1ey 3. y
CLAY,otganic,high(—)plascicity .
13,1 CLAY
6A118/16 | 13.5-15( 1/18" Similar to above. .
. h8.5 18.5¢ -+Grout 2.
2 .118/10 | 18.5-20] 1-4~4 Loose,grey~brown, fine SAND, s11
- letle (+) Sile. £y
fine A
SAND.
D3, 23.58% '
B LIR/IA | 23 5-25] uop-i-1 Very soft, black-brown,
Siley CLAY, organic, high Siley
plasticity. CLAY I
. 30-65
8.5 = .
9_[18/16 | 28.5-30(1/12"-1 | Similar to above. Silica
. b~ _Sand _ .
10124716 [30,5-31,9 wonziz" | Similar ta above 31.5'| 9 50-30 3 ‘
A1.5-32.9  3-4 Loose,grey~brown, fine SAND, Silty = ~+S1ilica 4.
]3. litele Si1e. fine = Sand
SAND l:r\Screen
Buttow of boting &t 357, \  locerval
Sump
AEMARKS: 1. No recovery within split spoon sampler. I
2. Conducted a falling head permeability test ac 5 to 7 feet and 18 to 20 feet below land ]
surface in borehole 2B. o v
3. Obtained a sample for laboratory permeameter testing at 11.5 to 13.5 feet in borehole .
2B and from 30.5 to 32.5 feet in borehole 24. "
4. Monitor well 2A East was installed .at completion of tl.u: boring * GRANULAR SOILS COHESIVE SOILS . /
BLOWSFT,  DENSNY | BLOWSFT.  DENSMY .
. rtoose | <2 V.SOFT ‘
0 V. L0OS ol ot
+10 Loose | o . HSIFF
1030 M.OENSE | 4\ ' sTEE 3
3050 DENSE | 1599 ° V.STFE’ -
. >350 V.DENSE | 530 HARD I
. NOTES: 1) The stratification lines represent the approximate boundary between soll fypes and the transition may be gradual. )
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R RS ’ PROJECT | Report of Boring Numbar - JA East
SWFWMD et g

; Hydrogeolopic Inves tigation of Cvpreds  Sheat 1 of 2 :
l H . WELLDRlLLlNG LOG Domes in Wellfields near Tampa. . Date .11=-4=88_ Flla P07620
' : " | Boring Ca. American Drilling, Ine. Boring Localion _Eldridge=ti{ide Wellfield
Foreman George DeGrooc Ground Elevation.___35,85____ Wail Elevatlon __39.57_
SWFWMD Engineer_laha Warcon Dato Started__11-3-88 ___ palo ended 11=4-88
' * Groundwater Readings:
. CASING SAMPLER 4 Date | Dopth | Casing al |_Stabilzation Time
' Slze:_HU_ rhen Mug Rotary Type: - Split+ Spann Other:
Hammor: lb. HMammoer: 140 b,
Fall: : : Fall: 30_inch
Z leas] SAMPLE Sz WELL . FEWD | @
BL SAMPLE DESCRIPTION & T uiuln TION TESTING §
_ & | 77T | no. penmec] oEpr | sLowsse : 5O "G | INSTAUA z
1 113182121 1-2.5 A=4-5 Loose, brown, fine SAND, .tracd
o : 5ilt, root fibers.
l 3 - . )
. ) 2118710 3-4.3 4~9-10 _IMedium dense, light brown,
: fine SAND, trace Silt.
l 5
3.118/121 s.¢.5 |3-4-6 Similar to above.
- 6~inch
PVC Welll
7 .
N . 41 18/12 ) 9.3 s 3-3-1 Loose, dark brown, fine SAND,
l . lictle (+) sile.
10 Silty
5. 118/10 | 10~11.5{2-2-4 Similar to above. £ine
@ ; . SAND
¥ ’ sl —+—Grout
' 3. § | 18710 | 13.5-15[24-5  Jsimilar to sbove. . 1.
1 }. .
- 18.5 .
; 7.118/6 18.5-20 |1~72-4 imilar to above.
30-65
Silica
2.3 s Slomeme ) ] | Sand
! 8.118/201 23522513069 Medium dense, brown, fine SAND| 25t | 1.
litele Sile. = 1030
— .[Silica
— |Sand
i hg. 5 = 2.
8.5 9 1870 | 78.5-30 , S [sereen
' X n 30 == |Interval
18/0 ]30-31.5 . J :
. Sum;
I ha. 33.5°'
1.9 118716 | 33 515 [1-2-2 Soft, mottled,grey-brown CLAY B. tonite 3.
& SILT with white-grey, CLAY & “H“l‘ Pl
SILT, medium plasticity,little] MaRL ole 8
10 124710 15=37 _|uoH-1-2-4limestone Fragments.
Similar to above. .
AEMARKS: 1. Conducted a falling head permeability test at 13.5 to 17 feet and 25 to 27 feet below
land surface at borehole 3A.
‘ . 2. No recovery in split spoon sampler at 28.5 - 31.5 feet which may be due to gravel used
. for the permeability test. N .
3. Obtained a sample for laboratory permeameter testing at 35-37 feet in borehole 3A.
- ) . . GRANULAR SOILS COHESIVE SOILS .
1
l . SLOWSFT.  DENSTY | BLOWSHT.  DENSHY
<2 V. SOFT
o4 V.L0OSE o SoFT
oo - LOOSEN . ws
= 1030 MOENSE | g4 SIFF
50 DENSE | 1590 **  v.smeE’
) 350 V.DENSE | 530 HARD
I NOTES: 1) The stratilication lines represent the approximate boundary batween soil lypes and the transition may be gradup{. s
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: S W F W M D PROJECT Raport of Boring Numbar 3A_Ease I
: . Sheet __ 2 of 2 ;
WELL DRILLING LOG Date Flle
Boring Co. . Boring Location Eldridge-Wilde Wellfield ‘
Foreman " Ground Elevation Wall Elevation »
SWFWMD Enginaer DaleStarted . Date ended
) Groundwater Readings:
CASING . SAVPLER . | D36 epih | Casing a1 |_Stabiizaiion Ters |
Size Type: Other:
Hammer: Ib.  Hammer: -
Fall: Fali:
Z | cas. SAMPLE < i ees i '
= . =eo WELL FIELD [
& | 8L SAMPLE DESCRIPTI =T 5ud -
S | /FT. | no.pensmec] oePTH | sLowsse LE DESCRIPTION 535 UEW | INSTAUATION | TESTNG | 2
88.5 131! 18/6 38.5-40 l1-2_2 Soft, white-grey, CLAY & SILT,
medium plasticity, little MARL |
- Limestone Fragments.
45 - 451 —+Formacion 3
12_1- 24/10| 45-46_5 WOH/I8 Very loose, brown, fine SAND, [fine SAND Material ‘
trace Sile. 46.5
46.5-47 | 10 Grey-white CLAY & SILT, some
Limestone fragments, medium MARL {
pla sticity,
ottom of Boring at 47°' -
l'
;"
= [l
§
REMARKS: !
GRANULAR SOILS COHESIVE SOILS I
BLOWSHT.  DENSTY | BLOWSFT.  DENSHY
<«? V. SOFT
; o4 Y.L0OSE 24 SoFT '
«n toose { . meTEF :
o3 M OENSE | 545 STFF
0-50 DENSE 1530 Y. STFF 3
>50 V.DENSE | , 30 ‘HARD . '
. ]
. NQT:ES: 1) The stralification lines represent the approximate boundary beiween soil lypes and the Iransition may be gradual.,
M\CRUF“—&‘H "‘i!’j T te T 1 03
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