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EXECUTIVE SUMMARY

The South Florida Water Management District (SFWMD or District) has been working cooperatively with
the Southwest Florida Water Management District (SWFWMD), St. Johns River Water Management
District (SJRWMD), Florida Department of Environmental Protection, Florida Department of Agriculture
and Consumer Services, and local stakeholders over the last several years to evaluate the status of traditional
water supplies and plan for the future of water supply in Central Florida. As part of this Central Florida
Water Initiative (CFWI; https://www.cfwiwater.com/), the CFWI Data Monitoring and Investigations
Team (DMIT) identified several areas lacking adequate monitoring and information on the hydraulic
properties of the subsurface, particularly in the deeper portions of the Floridan aquifer system (FAS).
Consequently, the DMIT developed a work plan for the construction and testing of new data collection sites
to meet future data needs within the CFWI Planning Area.

The Oak Island site was selected for a number of reasons. First, existing well OSF-108 at Oak Island was
cased to 67 feet below land surface (ft bls), had an open interval extending from 67 to 150 ft bls, and was
not being monitored. OSF-108 was selected for deepening, which would allow the collection of lithologic
and hydraulic information from deeper portions of the FAS. Second, this site fills a regional
hydrostratigraphy data gap in the northwest part of the SFWMD in Osceola County that would help show
how the stratigraphy changes near the SFWMD-SWFWMD boundary and would provide additional data
about the productivity and water quality of the Lower Floridan aquifer (LFA). Third, two existing wells in
the surficial aquifer system (SAS) and one existing well in the upper permeable zone of the Upper Floridan
aquifer (UFA-upper) had been constructed at the Oak Island site, meaning that a more complete picture of
the interactions between the SAS, UFA, Avon Park permeable zone (APPZ), and LFA could be developed
with reduced cost. Fourth, the site is located on SFWMD property, so no time-consuming access agreements
or land acquisitions were required.

This report documents one component of the DMIT work plan: the modification and deepening of existing
well OSF-108 (now renamed OSF-108R) and all of the data obtained during the drilling and testing program
for OSF-108R. The Oak Island site is located south of U.S. Route 192, off Funie Steed Road in Four
Corners, Osceola County, Florida. Land surface elevation at the Oak Island site is 106.95 ft using the North
American Vertical Datum of 1988 (NAVDS&8) or 107.81 ft using the National Geodetic Vertical Datum of
1929 (NGVD29).

Exploratory drilling at the Oak Island site reached a maximum depth of 2,020 ft bls. Work at this site
included wireline coring, geophysical logging, hydraulic testing, optical borehole imaging (OBI), and water
quality sampling. Data from these activities were used to identify hydrogeologic unit boundaries and
evaluate variations in water quality and rock permeability with depth (Table ES-1).

The results of this investigation include the following:

e Hydrostratigraphic unit boundaries were established for the SAS, intermediate confining unit
(ICU), UFA-upper, Ocala—Avon Park low-permeability zone (OCAPIpz), APPZ, middle confining
units I and II (MCU_I and MCU _II), upper permeable zone of the Lower Floridan aquifer
(LFA-upper), low-permeability glauconitic marker unit (GLAUCIpu), and the top of the basal
permeable zone of the Lower Floridan aquifer (LFA-basal) as shown in Table ES-1. These unit
boundaries are based on data obtained from this investigation’s continuous wireline coring and
packer testing, geophysical and OBI logs, and groundwater chemistry. Data from the previous Oak
Island hydrogeologic investigation (Anderson 2011) were incorporated into this report.
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e The lithologic units encountered included undifferentiated Holocene, Pleistocene, and Pliocene
sediments, the Hawthorn Group, the Ocala Limestone, the Avon Park Formation, and the Oldsmar
Formation. The Suwannee Limestone was not encountered. The Hawthorn Group at the site is
undifferentiated. The depth intervals for the encountered lithologic units are shown in Table ES-2.

e Two significant production zones referred to as Avon Park high-permeability zones 1 and 2
(APhpz-1 and APhpz-2) were identified within the APPZ between 370 and 430 ft bls and between
550 and 760 ft bls, respectively (Table ES-3). These two intervals yielded relatively higher packer
test hydraulic conductivities than other portions of the APPZ.

¢ MCU I and MCU _II of the middle confining unit were both present at the site. MCU 1 is
characterized by relatively lower packer test hydraulic conductivities as compared to the overlying
APPZ. MCU Il is characterized by beds of evaporites and relatively lower packer test hydraulic
conductivities as compared to the overlying MCU 1.

e Within the LFA-upper, three significant production zones (referred to as LF1, LF2, and LF3,
respectively) were identified: 1,180 ft bls to 1,250 ft bls, 1,390 ft bls to 1,420 ft bls, and 1,480 ft bls
to 1,510 ft bls (Table ES-3).

e The top of the LFA-basal was encountered at a depth of 1,900 ft bls (Table ES-1) and is
characterized by relatively high hydraulic conductivities. The bottom of this unit was not
encountered.

o Existing monitor well OSF-108 was deepened to 2,020 ft bls and converted to an APPZ monitoring
well named OSF-108R with an open-hole interval from 343 to 723 ft bls (Table ES-4).

Table ES-1. Hydrostratigraphic units at the Oak Island site.

. . . Unit Boundary
Hydrostratigraphic Unit Top (ftbls) Base (ft bls)
Surficial Aquifer System 0 45
Intermediate Confining Unit 45 70
UFA-upper 70 185
Upper Floridan Aquifer OCAPIpz 185 320
APPZ 320 760
. . . MCU I 760 948
Middle Confining Unit MCU 11 948 1,160
LFA-upper 1,160 1,510
Lower Floridan Aquifer GLAUCIpu 1,510 1,900
LFA-basal 1,900 Not Encountered

APPZ = Avon Park permeable zone; ft bls = feet below land surface; GLAUCIpu = low-permeability glauconitic marker unit;
LFA-basal = basal permeable zone of the Lower Florida aquifer; LFA-upper = upper permeable zone of the Lower Floridan
aquifer; MCU_I = middle confining unit I; MCU_II = middle confining unit II; OCAPIpz = Ocala—Avon Park low-permeability
zone; UFA-upper = upper permeable zone of the Upper Floridan aquifer.
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Table ES-2. Lithologic units at the Oak Island site.

Lithologic Unit

Unit Boundaries

Top (ft bls) Bottom (ft bls)
Undifferentiated leocene, ‘ 0 45
Pleistocene, and Pliocene Sediments
Hawthorn Group 45 70
Ocala Limestone 70 157
Avon Park Formation 157 1,546
Oldsmar Formation 1,546 Not Encountered

ft bls = feet below land surface.

Table ES-3. Flow zones within the Avon Park permeable zone and the upper permeable zone of the
Lower Floridan aquifer at the Oak Island site.
Flow Zone Top (ft bls) Bottom (ft bls)
APhpz-1 370 430
APhpz-2 550 760
LF1 1,180 1,250
LF2 1,390 1,420
LF3 1,480 1,510

APhpz-1 and APhpz-2 = Avon Park high-permeability flow zones; ft bls = feet below land surface; LF1, LF2, and LF3 = flow
zones within the upper permeable zone of the LFA-upper.

Table ES-4. OSF-108R well construction summary.

Corehole Total Drilled Top of Open Bottom of Open Hydrostratigraphic
Well ID Zone of Open
Name Depth (ft bls) Interval (ft bls) | Interval (ft bls)
Interval
OSF-108R OSF-108R 2,020 343 723 APPZ

APPZ = Avon Park permeable zone; ft bls = feet below land surface.
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INTRODUCTION

The South Florida Water Management District (SFWMD or District) has been working cooperatively with
the Southwest Florida Water Management District (SWFWMD), St. Johns River Water Management
District (SJRWMD), Florida Department of Environmental Protection, and local stakeholders evaluating
the status of traditional water supplies and planning for the future of water supply in Central Florida. As
part of this Central Florida Water Initiative (CFWI; https://www.cfwiwater.com/), the CFWI Data
Monitoring and Investigations Team (DMIT) identified several areas lacking adequate groundwater
monitoring. In addition, further characterization of the hydraulic properties of the deeper portions of the
Floridan aquifer system (FAS) are needed. Consequently, the DMIT developed a work plan for the
construction and testing of new wells to meet future hydrogeologic data collection needs within the CFWI
Planning Area. This project is a component of that work plan. The work plan, DMIT Hydrogeologic Annual
Work Plan (FY2018-FY2025), is available on the CFWI website at https://www.cfwiwater.com/data.html.

This report documents the exploratory drilling, testing, and well construction activities completed at the
Oak Island site. The objectives of this project were to determine the depths of the major hydrogeologic
units, evaluate the water quality and hydraulic properties of the hydrostratigraphic units of the FAS at the
Oak Island site, and install a monitoring well within the Avon Park permeable zone (APPZ).

The Oak Island site is in northwestern Osceola County, Florida south of U.S. Route 192, north of Funie
Steed Road in Four Corners (Figure 1). The Oak Island site was first investigated in 2005 as part of the
Regional Floridan Aquifer Monitoring Program. As part of the design of the site, two surficial aquifer
system (SAS) monitoring wells (OSS-101 and OSS-102) were installed in March 2005, along with an Upper
Floridan aquifer (UFA) monitoring well (OSF-103). The site was instrumented with pressure transducers
and telemetry connected to the SFWMD’s supervisory control and data acquisition (SCADA) system and
have been continuously monitored since February 2006. OSF-108 was installed by the SFWMD in 2009 as
a UFA well. The well was originally cased to 67 feet below land surface (ft bls), near the top of the FAS,
with an open interval from 67 ft bls to the total drilled depth of 150 ft bls. The Oak Island site was selected
for four reasons. First, existing well OSF-108 at Oak Island was cased to 67 ft bls, had an open interval
extending from 67 to 150 ft bls, and was not being monitored. OSF-108 was selected for deepening, which
would allow the collection of lithologic and hydraulic information from deeper portions of the FAS. Second,
this site fills a regional hydrostratigraphy data gap in the northwest part of the SFWMD in Osceola County
that would help show how the stratigraphy changes near the SFWMD-SWFWMD boundary and would
provide additional data about the productivity and water quality of the Lower Floridan aquifer (LFA). Third,
two existing SAS wells and one existing well in the upper permeable zone of the UFA (UFA-upper) had
been constructed at the Oak Island site, meaning that a more complete picture of the interactions between
the SAS, UFA, APPZ, and LFA could be developed with reduced cost. Fourth, the site is located on
SFWMD property, so no time-consuming access agreements or land acquisitions were required. Land
surface elevation at the site is 106.95 ft using the North American Vertical Datum of 1988 (NAVDS8) or
107.81 ft using the National Geodetic Vertical Datum of 1929 (NGVD29). The SFWMD survey report for
the site is provided in Appendix A.


http://www.cfwiwater.com/
https://www.cfwiwater.com/data.html

Project Objectives

The project objectives were divided into two categories: hydrogeologic data collection and groundwater
monitoring as described below.

The hydrogeologic data collection objectives were to

1. evaluate the lithology, productivity, and water quality of the various producing zones of the FAS;
and

2. identify hydrogeologic unit boundaries between the top of the APPZ and the top of the
low-permeability glauconitic marker unit (GLAUCIpu).

The groundwater monitoring objectives were to

1. deepen the existing OSF-108 corehole and convert the exploratory corehole to an APPZ monitoring
well (OSF-108R);

2. collect and analyze groundwater samples; and

3. install a pressure transducer in OSF-108R that is connected to the District SCADA system for
collection of continuous groundwater elevation data.
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Figure 1.  Oak Island site location.



EXPLORATORY CORING AND WELL CONSTRUCTION

The District contracted with Huss Drilling, Inc. for exploratory coring, packer testing, and monitor well
construction services at the Oak Island site in September 2020 (CN#4600004288-WO3). In February 2021,
Huss mobilized a Versa Drill 2000 drill rig to the site to start drilling the exploratory corehole for FAS well
OSF-108R by deepening the existing OSF-108 well. OSF-108 was constructed in 2009 with a single,
16-inch-diameter steel casing with an open-hole interval from 67 to 150 ft bls. The 16-inch-diameter steel
casing was not removed. Geophysical logging completed on January 2, 2020 indicated that 30 ft of material
had accumulated in the OSF-108 borehole. From February 15 to February 19, 2021, a nominal
12-inch-diameter drill bit and reverse-air drilling methods were used to drill down to the original total depth
of OSF-108 (150 ft bls). Next, the existing well was deepened to 335 ft bls using reverse-air drilling between
February 22 and February 26, 2021. During this period of drilling, dredging was necessary between 321
and 325 ft bls to remove sand from the hole. Reverse-air drilling using a 12-inch-diameter drill bit continued
to 365 ft bls, at which point the borehole was prepared for geophysical logging. On March 4, 2021, RM
Baker completed caliper, natural gamma, resistivity, dual induction, spontaneous potential, temperature,
fluid resistivity, flowmeter, and sonic porosity logging of the borehole.

These geophysical logs were used to identify the bottom of the intermediate confining unit (ICU) and to
determine a suitable casing seat for an 8-inch-diameter black steel conductor casing intended to stabilize
the unconsolidated ICU sediments and prevent these sediments from sloughing into the borehole during
wireline coring through the FAS. The 8-inch-diameter black steel conductor casing was installed to a depth
of 343 ft bls and grouted to land surface with an interval of gravel from 105 to 157 ft bls to prevent cement
contamination of the Oak Island UFA-upper monitoring well OSF-103. After installation of the conductor
casing, the borehole was advanced to a depth of 370 ft bls using an 8-inch-diameter drill bit to remove the
cement plug at the bottom of the conductor casing. A 4-inch-diameter temporary casing was then installed
to a depth of 370 ft bls in preparation for HQ wireline coring.

HQ wireline coring began at the Oak Island site on March 15, 2021 starting at a depth of 370 ft bls. Drilling
mud was not used during the wireline coring. The HQ wireline coring produced 2.5-inch-diameter cores
and an approximately 4-inch-diameter corehole. Single packer tests were conducted at 30-ft-depth intervals
to obtain groundwater samples for laboratory analyses and to collect water level drawdown and recovery
data used for the calculation of aquifer parameters. Before each packer test was started, the corehole was
air lifted to remove sediment and drilling fluids from the corehole. A leak was identified in the packer
bladder assembly prior to packer test 7, necessitating replacement of a bladder. During packer test 7,
bubbles were heard in the corehole (indicative of a leaking packer bladder) during water level recovery.
For this reason, the test was ended early. Both packer bladders, airline fittings, and CO; tank were replaced
following packer test 7, and the packer bladder inflation pressure was decreased to prevent further issues.

HQ wireline coring continued until March 30, 2021, when the corehole had reached a depth of 730 ft bls.
At this point, the 4-inch-diameter temporary casing was removed, and the 4-inch-diameter corehole was
reamed to approximately 8 inches in diameter from 370 to 730 ft bls using reverse-air rotary drilling
methods in preparation for installation of the 6-inch-diameter temporary casing. On April 8, 2021, the
United States Geological Survey (USGS) completed optical borehole imaging (OBI) logging from 343 to
730 ft bls. The 6-inch-diameter temporary casing was then installed to 730 ft bls on April 9, 2021.

Following installation of the 6-inch temporary casing, HQ wireline coring continued from April 12 to
July 9, 2021 when the corehole was advanced to a final depth of 2,022 ft bls. RM Baker completed
geophysical logging in the 4-inch-diameter corehole from 730 to 2,022 ft bls. The geophysical logs included
caliper, resistivity, natural gamma, dual induction, spontaneous potential, sonic travel time, and
compensated sonic porosity logs.



From July 12 to August 27, 2021, the corehole was reamed to 6-inches in diameter using reverse-air rotary
drilling methods in preparation for borehole video logging, OBI logging, and geophysical logging.
RM Baker attempted to collect geophysical logs in the reamed borehole from 730 to 2,020 ft bls on
September 8, 2021, but was only able to collect fluid logs due to a malfunction in the cable head. ABS
Geophysical completed the logging (except for the dual-induction log) of the reamed borehole on
September 14, 2021.

OSF-108R well construction activities began with the placement of gravel from 2,020 to 1,910 ft bls to fill
voids. The corehole was tremie-grouted using cement-bentonite grout from 1,910 to 1,249 ft bls to provide
a seal through the middle confining unit (MCU). Additional gravel was placed between 1,249 and
1,193 ft bls to fill voids. The corehole was then tremie-grouted using cement-bentonite grout from 1,193 to
723 ft bls. The as-built APPZ open interval extends from 343 to 723 ft bls. The base of the APPZ extends
to a depth of 760 ft bls, but the sulfate and total dissolved solids (TDS) concentrations increased
significantly in the packer test groundwater sample collected from a depth interval of 730 to 760 ft bls. The
as-built APPZ monitoring interval prevents mixing of groundwater containing elevated TDS and sulfate
concentrations identified near the base of the APPZ with overlying, higher-quality APPZ groundwater.

The monitored zone was designated OSF-108R. The as-built well completion diagram for OSF-108R is
provided in Figure 2, and photographs of the competed wellhead are shown in Figure 3. The SFWMD
survey report is provided in Appendix A. A summary of drilling and well construction activities is provided
in Appendix B. The well completion report is provided in Appendix C.
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Figure 2.  OSF-108R well completion diagram.



Figure 3. OSF-108R wellhead.

STRATIGRAPHIC FRAMEWORK

District hydrogeologists collected geologic formation samples (presented in Appendix F) during the
drilling of OSF-108R and described the samples based on the dominant lithologic, textural, and porosity
characteristics using the expanded Dunham classification for carbonate rocks (Embry and Klovan 1971).
Collected samples included drill cuttings collected every 5 ft between 150 and 365 ft bls and wireline cores
from 370 to 2,020 ft bls. Geophysical and OBI logs were completed and later used to characterize the
hydrostratigraphy at OSF-108R. Appendix D contains the geophysical logs. Appendix E contains the
complete OBI log. Lithology from ground surface to 150 ft bls comes from Construction and Aquifer
Testing of the Oak Island Site (Anderson 2011), which details the construction of the original OSF-108
well. That report includes the lithologic record of the drill cuttings collected at 10 ft intervals to a depth of
150 ft bls. This current investigation uses the stratigraphy determined at OSF-108 (Anderson 2011) for the
first 150 ft of lithology, but the original depth to the top of the Avon Park Formation (as described in
Anderson 2011) is changed here from 130 to 157 ft bls and combines the historical lithologic descriptions
with the descriptions of the core collected during the current investigation.

Table 1.  Stratigraphy of the Oak Island site.

Stratigraphic Unit Top Depth (ft bls) Bottom Depth (ft bls)
Undifferentiated Holocene, Pleistocene, and Pliocene Sediments 0 45
Tamiami Formation Not Present
Hawthorn Group 45 | 70
Suwannee Limestone Not Present
Ocala Limestone 70 157
Avon Park Formation 157 1,546
Oldsmar Formation 1,546 Not encountered

ft bls = feet below land surface.



Holocene, Pleistocene, and Pliocene Series

Undifferentiated sediments of Holocene, Pleistocene, and Pliocene age extend from land surface to 45 ft bls
at OSF-108R. These sediments consist of very light gray and yellowish gray, unconsolidated, fine-grained,
moderately well sorted to well sorted quartz sand with varying amounts of shell fragments (Anderson 2011).

Miocene Series

Scott (1988) upgraded the Hawthorn Formation to group status in Florida. Regionally, the Hawthorn Group
consists of two formations: the Peace River Formation and the Arcadia Formation. The Hawthorn Group at
the site was not able to be subdivided into separate formations because it may have been reworked after
deposition (Arthur et al. 2008). At OSF-108R, the Hawthorn Group is composed of very light gray, fine
grained, clayey, quartz sand and olive gray silty clay from 45 to 70 ft bls (Anderson 2011). The gamma ray
activity through this interval was elevated compared with the lithology above and below, with the gamma
ray activity reaching a maximum activity of approximately 80 counts per second (cps) between depths of
65 and 68 ft bls.

Oligocene Series

Suwanee Limestone

The Suwanee Limestone was not encountered at the site.
Eocene Series

Ocala Limestone

The Upper Eocene Ocala Limestone was encountered between 70 and 157 ft bls. The Ocala Limestone at
OSF-108R consists of moderately hard to friable, pale yellowish orange micritic limestone that transitions
into a pale yellowish orange and dark yellowish orange friable calcarenite with shell fragments and coral
fossils at 100 ft bls. The echinoid Oligopygus wetherbyi, an index fossil for the Ocala Limestone, was
identified in the interval between 120 and 130 ft bls (Anderson 2011).

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

Avon Park Formation

The Avon Park Formation was encountered between 157 and 1,546 ft bls. The top of the Avon Park
Formation was determined using index fossils and geophysical logs. The presence of conical foraminifera,
including the index fossil Fallotella cookei, was first described at 157 ft bls. A spike in gamma ray activity
is often associated with the top of the Avon Park Formation (Bryan et al. 2013), and this peak was seen in
OSF-108R at a depth of 157 ft bls.



The lithology of the Avon Park Formation at OSF-108R is primarily composed of wackestone, packstone,
mudstone, calcareous dolostone, and dolostone. Accessory minerals observed in the cores include
anhydrite, gypsum, snowball quartz, chert, calcite, celestine, clay, glauconite, and limonite. Organic
lamination and blebs were intermittent. Fossils found in the Avon Park Formation at the site include
foraminifera, echinoids, bivalves, gastropods, and algae.

The color of the Avon Park Formation at OSF-108R varies between white (N9), very light gray (N8), light
gray (N7), light olive gray (5Y 5/2), yellowish gray (5Y 7/2), very pale orange (10YR 8/2), grayish orange
(10YR 7/4), pale yellowish brown (10YR 6/2), moderate yellowish brown (10YR 5/4), dark yellowish
orange (10YR 6/6), dark yellowish brown (10YR 4/2), dusky yellowish brown (10YR 2/2), and black (N1),
as detailed in Appendix F.

Abundant evaporites were observed between 948 and 1,160 ft bls. Anhydrite and gypsum are present as
beds and vug infillings within the dolostone portions of the formation. The evaporites thoroughly reduce
the permeability of the rock by occupying and essentially sealing the available pore space. The OBI images
of this interval suggest that the permeability is higher than the permeability observed in the rock cores,
likely due to the evaporites dissolving in the time interval between coring and completion of the OBI
logging. During coring and testing activities, these evaporites interacted with relatively low-TDS
groundwater for four months, allowing the evaporites to dissolve. This dissolution left behind voids, vugs,
and a wispy “curtain” texture observed in OBI images of the borehole wall. Figure 4 shows these curtain
dissolution features, and Figure 5 shows the empty voids where evaporites were identified in rock cores.
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Figure 4.  Curtain texture from 949 to 952 ft bls caused by rapid dissolution of evaporites following
completion of coring.

Depth, ft bls

Figure 5.  OBI log from 979 to 980 ft bls showing large vugs and voids within fine-grained carbonate.
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Chert is often encountered near the base of the Avon Park Formation in Central Florida
(Duncan et al. 1994). In the OSF-108R corehole, chert was not encountered at the base of the Avon Park
Formation. Chert was first observed in the OSF-108R core at 577 ft bls. Chert was also encountered in the
intervals between 932 and 937 ft bls and from 1,143 to 1,150 ft bls, which are just above and below an
interval of thickly bedded evaporites.

White quartz was first found as small balls (less than 4 millimeters in diameter) between 573 and 588 ft, at
763 ft bls, and at 1,307 ft bls. Abundant, relatively large, white quartz vug infillings were found from 1,487
to 1,545 ft bls. The white quartz was only found as vug infillings. White quartz has also been found in the
SWFWMD during the construction of well ROMP 115, where the quartz was referred to as “snowball
quartz” (Zydek 2020). This snowball quartz was also found in other CFWI wells, including POF-31 and
POF-32 (Zumbro et al. 2024) and OSF-114 and OSF-115 (Zumbro et al. 2025). Zydek (2020) and other
literature (Chowns and Elkins 1974) suggested that the white quartz is a pseudomorph of anhydrite. The
vugs in which the white quartz was found appear to have been previously filled by anhydrite nodules.
Figure 6 is an example of the white quartz in a vug that appears to have previously been an anhydrite
nodule due to the shape of the vug and the irregular texture of the surface. A sample of the snowball quartz
collected from 763 ft bls at OSF-108R was analyzed using X-ray diffraction (XRD) and was composed
predominantly of quartz with a trace amount (4% by weight) of anhydrite. These data are shown in the Core
Analyses section of this report.

Figure 6. White quartz partially filling a vug in core sample from a depth of 1,536.5 ft bls.
Vug-filling crystalline calcite was encountered within several intervals of the Avon Park Formation at

OSF-108R: 1,196 to 1,208 ft bls, 1,230 to 1,247 ft bls, and 1,487 to 1,540 ft bls. Because this calcite was
found only within vugs, it suggests that the calcite crystals formed after the vugs formed.
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Oldsmar Formation

The top of the Oldsmar Formation occurs at a depth 1,546 ft bls at OSF-108R, where the moderate yellowish
brown dolostone of the Avon Park Formation with white vug-filling quartz transitions to pale yellowish
brown and grayish orange wackestone and mudstone. The base of the Oldsmar Formation was not reached.

Evaporite nodules are present in the upper portion of the Oldsmar Formation from 1,546 to 1,610 ft bls. At
OSF-108R, the Oldsmar Formation is composed of mudstone, wackestone, packstone, calcarecous
dolostone, and dolostone. Calcite is present in the recovered cores on fractured surfaces and within vugs as
intermittent crystal growths. The Oldsmar Formation also contains organic laminations and layers,
glauconite, and limonite. Fossils are sparse and consist of foraminifera and echinoids. The foraminifera
Pseudophragmina, an index fossil for the Oldsmar Formation, was first noted at the site at a depth of 1,593
ft bls.

Glauconite was found between 1,430 and 1,473 ft bls in the Avon Park Formation and between 1,712 and
1,750 ft bls in the Oldsmar Formation at OSF-108R. Duncan et al. (1994) noted a distinct gamma ray
signature associated with the presence of glauconite that often occurs near the bottom of the Avon Park
Formation—Oldsmar Formation contact. This elevated gamma ray signature was recorded at OSF-108R
from 1,580 to 1,630 ft bls with the highest gamma ray peaks recorded at 1,595 and 1,619 ft bls. This gamma
ray signature correlated with organic layers observed in the recovered cores. A section of core with dark
layering from a depth of 1,592.7 ft bls was analyzed using XRD, and the dark banding was found to be
potassium feldspar. This is described further in the Core Analyses section of this report.

HYDROSTRATIGRAPHIC FRAMEWORK

The two aquifer systems intersected by OSF-108R are the SAS and FAS, with the FAS being the primary
focus of this investigation. The FAS is subdivided into aquifers of moderate to high permeability where
dissolution features and fractures are common, separated by zones of lower-permeability rock that offer
varying degrees of confinement. The nomenclature assigned to these aquifers and confining units varies in
the literature as well as between neighboring water management districts as shown in Figure 7.
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Figure 7.

Comparison of FAS hydrostratigraphic unit names used by Miller (1986), the SFWMD, and

the neighboring CFWI water management districts, SIRWMD and SWFWMD.

To remain consistent within the CFWI Planning Area, the cooperating water management districts agreed
on a slightly modified hydrogeologic conceptualization (Figure 8) as the basis for development of the East
Central Florida Transient Expanded (ECFTX) groundwater model, which is being used to evaluate
groundwater availability in the region. As a component of the CFWI, this report follows the
hydrostratigraphic names shown in Figure 8 for the units intersected by the exploratory drilling at the Oak
Island site. A representative hydrogeologic section, with hydrogeologic units conforming most closely to
the Oak Island site, is presented in Figure 8.
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Figure 8.  Groundwater model layer numbers, hydrostratigraphic conceptualization, and vertical
discretization of the ECFTX model (CFWI Hydrologic Analysis Team 2020).

Surficial Aquifer System (0 to 45 ft bls)

The SAS at the site consists of unconsolidated, predominantly fine-grained quartz sand with varying
amounts of silt, clay, shell, and heavy minerals. The top of the Hawthorn Group often is selected as the base
of the SAS. The bottom of the SAS at the site was encountered at 45 ft bls based on the lithologic
descriptions of well cuttings obtained from the construction of OSF-108 (Anderson 2011).

Intermediate Confining Unit (45 to 70 ft bls)

The ICU separates the SAS from the FAS and was encountered between depths of 45 and 70 ft bls at
OSF-108. At the Oak Island site, the ICU is composed of fine-grained sand with clay and silty clay.

Floridan Aquifer System (250 to 2,020 ft bls)

The FAS consists of a series of Tertiary-age limestone and dolostone. At the site, the FAS includes
permeable sedimentary strata of the Ocala Limestone, Avon Park Formation, and Oldsmar Formation.
Regionally, the base of the FAS occurs in the Paleocene Cedar Keys Formation, which was not penetrated
at the site.
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The hydrogeologic units within the FAS were delineated based on the exploratory coring, drilling, and
geophysical logging, as well as the hydraulic testing and water quality analyses from 55 packer tests
completed during exploratory drilling at the site.

An estimate of hydraulic conductivity was calculated using Cooper-Jacob equation (see Hydraulic
Parameters section). This equation is empirically derived and is based on the drawdowns corrected for head
losses and the pumping rates from each packer test. These hydraulic conductivities are intended to show
relative changes in groundwater productivity as drilling progressed and are not intended to be used
as absolute values representative of an entire formation. Hydraulic conductivities obtained from aquifer
testing are more representative of an entire aquifer than an individual packer test or set of packer tests,
which only pumps from a small portion of a larger aquifer, for a short period of time at relatively low
pumping rates, that likely do not significantly stress the aquifer as a whole. A complete description of the
packer testing methods, data analyses, and results is provided later in this report.

Upper Floridan Aquifer

Regionally, the UFA typically occurs at the base of the Hawthorn Group, although it locally may include
permeable units within the lower Arcadia Formation of the Hawthorn Group. The UFA at the Oak Island
site includes the Ocala Limestone and portions of the Avon Park Formation. The UFA generally consists
of several thin, highly permeable water-bearing zones interbedded with thicker, lower-permeability zones.
The CFWI Hydrologic Analysis Team (2020) used three regionally mappable units to represent the vertical
heterogeneity of the UFA: UFA-upper, Ocala—Avon Park low-permeability zone (OCAPIlpz), and APPZ.

UFA-upper (70 to 185 ft bls)

The UFA-upper is the uppermost permeable zone of the FAS. At this site, the UFA-upper consists of poorly
to moderately consolidated limestone and dolomitic limestone. A solutioned flow zone is often observed
near the contact between the Hawthorn Group and Ocala Limestone but was not observed at OSF-108R.
No OBI logs or packer tests were completed through this zone.

The UFA-upper is highly productive in the northern portion of the CFWI Planning Area, but previous
investigations and reports have found that productivity tends to decline to the south
(Richardson et al. 2020b). Reported transmissivities of the UFA-upper typically range from less than
10,000 to more than 100,000 ft*/day in Central Florida (CFWI Hydrologic Analysis Team 2016). An aquifer
performance test conducted at OSF-108 in 2009 resulted in an estimated transmissivity of 25,260 ft*/day
(Anderson 2011).

OCAPIpz (185 to 320 ft bls)

The OCAPIpz has lithology similar to the UFA-upper, characterized by interbedded limestone, dolostone,
and dolomitic limestone, so it is generally distinguished from the UFA-upper by a reduction in secondary
porosity. Although it is generally semiconfining, minor permeable zones can be found within the OCAPIpz
(CFWI Hydrologic Analysis Team 2020). No packer tests were completed within the OCAPIpz at the Oak
Island site.
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APPZ (320 to 760 ft bls)

Reese and Richardson (2008) described the APPZ as a regionally mappable, high-permeability zone within
the Avon Park Formation, characterized by relatively brittle dolostone or interbedded dolostone and
dolomitic limestone with zones of secondary fracture permeability. Within the APPZ, cavernous or karstic,
intergranular, and intercrystalline permeability may also be present. As mapped by Reese and Richardson
(2008), the APPZ includes all the geologic materials from the base of the OCAPIlpz to the top of middle
confining unit I (MCU _I).

At the Oak Island site, the APPZ is composed predominantly of hard microcrystalline dolostone,
interbedded with lesser amounts of dolomitic limestone, calcareous dolostone, wackestone, and mudstone
and is characterized by very high formation resistivity and highly variable sonic porosity. The APPZ’s
upper boundary at the site was encountered at a depth of 320 ft bls where the rock transitioned from the
soft, high porosity interbedded limestone, dolostone, and dolomitic limestone of the OCAPIpz to the harder,
fractured dolostone of the APPZ. The caliper log showed that the borehole changed from a slightly washed
out, enlarged, rounded hole to a nearly gauge hole once the APPZ was encountered. In addition, the
long- and short-normal resistivity logs recorded increased resistivity in the APPZ in response to the denser,
more indurated dolostone of the APPZ. Permeability and groundwater flow in the APPZ are primarily
controlled by fractures, but between the fractured zones, intergranular porosity, pinpoint vugs, and bedding
plane solution zones contribute to productivity.

APhpz-1 and Aphpz-2 (370 to 430 ft bls and 550 to 760 ft bls)

The CFWI Hydrologic Analysis Team (2016) adopted the term Avon Park high-permeability zone (APhpz)
to differentiate the most productive fractured intervals from the relatively more confining,
lower-productivity portions of the APPZ. The APPZ is equivalent to ECFTX model layer 5 (CFWI
Hydrologic Analysis Team 2020), and the APhpz is a subset of that unit (Figure 8).

The APhpz at the site is composed of two discrete fractured zones from 370 to 430 ft bls (referred to here
as “APhpz-1”) and from 550 to 760 ft bls (referred to here as “APhpz-2). The hydraulic conductivities
calculated from the packer tests completed in these two zones were an average of approximately 23 ft/day
in APhpz-1 (tests 1 and 2, from 370 to 430 ft bls) and an average of approximately 23 ft/day in APhpz-2
(tests 8 through 12, from 580 to 730 ft bls). Tests 7 and 13 were completed within APhpz-2. However, the
packer was leaking during these tests, so the hydraulic conductivity values calculated from tests 7 and 13
are suspect (see Cooper-Jacob hydraulic conductivities calculated from the corrected drawdown data in the
Hydraulic Parameters section and Table 6). These higher hydraulic conductivities have some degree of
uncertainty associated with them due to the minimal amount of drawdown produced when testing
high-permeability rock at a relatively low pumping rate in a small-diameter corehole. Examples of the
APhpz-1 and APhpz-2 flow zones are shown in the OBI images in Figure 9.
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Figure 9. APhpz-1 and APhpz-2 flow zones as shown in the OSF-108R OBI log. From left to right, a
large solution-enhanced fracture from 370 to 375 ft bls; a zone of fractured rock from 415 to

422 ft bls (both from APhpz-1); a large solution-enhanced zone from approximately 650 to

685 ft bls (658 to 663 shown in this figure); and, at 695 ft bls (both from APhpz-2), an open
bedding plane solution feature.

Hydraulic conductivities calculated for the unfractured zones within the APPZ average approximately
5 ft/day, which is lower than the APhpz-1 and APhpz-2 hydraulic conductivities. The typical appearance
of the lower-productivity, less-fractured zones of the APPZ is shown in Figure 10.
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Figure 10. Typical appearance of relatively lower-hydraulic conductivity zones within the APPZ at
OSF-108R. Note the vuggy texture above and below the finer-grained, laminated interval in
the middle of the image. Depth interval for this image is 485 to 492 ft bls.

The degree of regional, lateral hydraulic connectivity between the fractured intervals within the APPZ in
the CFWI region is a subject of interest and debate. Some CFWI exploratory coreholes have shown strong
evidence for hydraulic connection between the APPZ’s fractured intervals, while other data are more
ambiguous. At the Oak Island site, the recovery water levels measured at the end of each packer test were
similar in both APhpz-1 and APhpz-2. No groundwater samples were collected from APhpz-1 due to the
high turbidity encountered in this zone. The groundwater chemistry of APhpz-2 at OSF-108R is classified
as magnesium-bicarbonate, Frazee FW-II/FWIV/TWI water types (Frazee 1982), which is discussed further
in the Water Quality and Inorganic Chemistry section of this report.

While the recovery water levels for APhpz-1 and APhpz-2 were similar, the degree of hydraulic connection
between these permeable zones was unable to be determined. The similarities in recovery water levels may
be the result of regional geologic hydraulic connections between these fracture zones or from nearby wells
that are pumping from or open to both zones. Conversely, a hydraulic separation may exist that cannot be
determined without the application of significant pumping stresses during an aquifer performance test. The
low TDS concentrations in the APPZ groundwater samples from the Oak Island site (150 milligrams per
liter [mg/L] to 782 mg/L, Table 7) suggests that there is likely little to no hydraulic connection between
the APPZ and the underlying LFA, where much higher TDS concentrations were measured. Due to the
large (approximately 30 ft) downward hydraulic gradient between the APPZ and the upper permeable zone
of the Lower Floridan aquifer (LFA-upper), saline water from the LFA is unlikely to migrate upward under
nonpumping conditions, even if the MCU is a poor (i.e., leaky) confining unit at the Oak Island site.
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Middle Confining Unit

The MCU separates the UFA from the LFA. Miller (1986) first defined the MCU and subdivided it into
eight regional units designated by Roman numerals I through VIII. The CFWI Hydrologic Analysis Team
(2016) recognized two of these units (MCU_I and MCU_II) within the ECFTX model domain. MCU 1,
the shallower unit, is generally composed of dolostone and micritic limestone and is the leakier of the two
confining units. MCU II is composed of hard, microcrystalline dolostone to dolomitic limestone,
characterized by evaporite beds and evaporitic pore infillings, which greatly reduces the unit’s permeability.

MCU I is absent from the western portion of the ECFTX model domain, while MCU I is absent from the
eastern portion. Along the western reaches of the Kissimmee River Valley and Lake Wales Ridge, the two
units overlap, greatly increasing the thickness of the MCU in that area. MCU I and MCU _II were both
encountered at the site and are described below.

MCU 1 (760 to 948 ft bls)

MCU I at the Oak Island site is composed almost entirely of dolostone, with chert nodules observed at a
depth of approximately 937 ft bls. As compared to the APPZ, the rock comprising MCU 1 is poorly
indurated and a granular texture. MCU I tends to have higher porosity than the APPZ but lacks significant
fracturing or vuggy permeability. There was a gradual increase in TDS concentrations with depth through
MCU I from 1,663 mg/L at the top of the unit to 2,854 mg/L near the middle of the unit. Unfortunately, no
groundwater samples were collected from the bottom part of MCU I due to excessive drawdown causing
the pump to be shut off within minutes of the start of packer tests 18 and 19 (from 880 to 940 ft bls).
Figure 11 shows the typical appearance of MCU 1.

895

Depth, ft bls

Figure 11. Typical appearance of MCU _I at OSF-108R. Image on the left is from the OBI log. Photo on
the right is the core recovered from 890 to 900 ft bls. A partially open bedding plane, granular

texture, and vugs are visible on both photos.
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Six packer tests (tests 14 through 19) were completed entirely within MCU _I at the Oak Island site, with a
seventh packer test (test 20, from 940 to 970 ft bls) straddling the MCU_I-MCU II boundary. The
hydraulic conductivity (22 ft/day) calculated for test 14 (760 to 790 ft bls) was unusually high for MCU 1.
The average hydraulic conductivity for tests 15, 16, and 17 was approximately 4 ft/day. During tests 18 and
19, the pump was shut down within minutes of the test start due to excessive drawdown. Therefore,
steady-state drawdown had not been achieved, and no reliable hydraulic conductivity could be estimated
from these tests.

The depth-to-water measurements collected at the end of each packer test recovery period were relatively
shallow (ranging from 5.72 to 9.39 ft bls) and showed little variation from the top to the bottom of MCU |,
but the recovery depth-to-water measurements indicate that there is a slight downward hydraulic gradient
through MCU _L

MCU 11 (948 to 1,160 ft bls)

MCU I at the Oak Island site is composed almost entirely of evaporites and dolostone. At this site,
MCU _II has lower in porosity than MCU_I. The only groundwater sample that was collected from this unit
was collected from the bottom of MCU _II during packer test 27, which straddled the MCU_II-LFA-upper
boundary. An example of the typical appearance of MCU_II is shown in Figure 12.

Depth, ft bls

44
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Figure 12. MCU _Ito MCU I transition at a depth of 948.5 ft bls as indicated by the red arrow.
The OBI image on the left shows the interval from approximately 948 to 954 ft bls, and the
photo on the right is of the core from 940 to 950 ft bls. The dolostone of MCU _I displays a
typical vuggy texture (the four yellowish-brown core sample intervals on the left side of the
core box). The evaporites of MCU 11 display a lack of permeability (right most chamber of
the core box with lighter colored, white and tan rock). The evaporites of MCU_II display
substantial dissolution in the OBI imagery, which occurred rapidly between the end of
reaming (July 30, 2021) and the OBI logging (August 31, 2021) when the rock was exposed
to low TDS groundwater.
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Six packer tests (tests 21 through 26) were completed entirely within MCU _1I at the Oak Island site, with
test 20 (940 to 970 ft bls) straddling the MCU_[-MCU _II boundary and test 27 (1,150 to 1,180 ft bls)
straddling the MCU_II-LFA-upper boundary. However, during all tests within MCU _II, the pump was shut
down within minutes due to excessive drawdown. Although no reliable estimate of hydraulic conductivity
could be calculated from these tests, the understanding that MCU_II does not transmit water can be inferred.

The water levels at the end of test 20 were allowed to fully recover to 8.23 ft bls. The water levels were still
rising at the end of recovery water level monitoring during packer tests 21 through 26, indicating that the
tested zones had not fully recovered, so the recovery water levels were not considered representative for
those two intervals. Packer test 27 straddled the MCU_II-LFA-upper boundary. Water levels fully
recovered at the end of test 27 to a depth of 34.96 ft bls. There were no reliable recovery water levels from
packer tests completed entirely within MCU _II; however, there was reliable recovery water level data from
packer tests that straddled the upper and lower boundaries of MCU _I. The results of packer tests 20 and 27
indicate that there was a hydraulic head drop of 26.73 ft across MCU _II.

Lower Floridan Aquifer

The LFA consists of a sequence of permeable zones separated by lower-permeability units. Some permeable
zones, including the Boulder Zone of South and east Central Florida, are regionally mappable
(CFWI Hydrologic Analysis Team 2020). The LFA can be more than 1,000 ft thick within the CFWI area
and includes highly productive zones and confining units with salinities ranging from fresh water to
seawater. Discretizing the LFA into less hydraulically diverse subdivisions was one of the objectives of the
ECFTX model (CFWI Hydrologic Analysis Team 2020).

For the ECFTX model, the LFA was subdivided into upper (LFA-upper) and basal (LFA-basal) permeable
zones separated by the regionally mappable GLAUCIpu (CFWI Hydrologic Assessment Team 2016). The
exploratory corehole at the Oak Island site was terminated within the LFA-basal and provides needed
information on the thicknesses, depths, and productivities of the LFA-upper, GLAUC]Ipu, and the upper
part of the LFA-basal. Reported transmissivities of the LFA range from more than 500,000 ft*/day in
metropolitan Orlando, to less than 500 ft*/day in southwestern Polk County. This is potentially attributable
to evaporitic infilling of pore spaces (CFWI Hydrologic Analysis Team 2020).

LFA-upper (1,160 to 1,510 ft bls)

The top of the LFA-upper was identified at 1,160 ft bls, coinciding with a change in packer test recovery
water levels, an increase in groundwater productivity, and a notable change in lithology from dolostone
containing abundant evaporite minerals and no observable porosity to dolostone containing calcite and
organics with moderate pinpoint and vuggy porosity.

Packer test hydraulic conductivities increased between the MCU and the LFA-upper, from an average of
approximately 4 ft/day for the reliable packer tests solely open to MCU I (tests 15, 16, and 17) to an average
of approximately 21 ft/day for reliable tests only open to the LFA-upper (tests 28, 29, 30, 31, 32, 34, 35,
36, 37, and 38). During test 33, the pump was shut down within minutes due to excessive drawdown.
Similarly, all the packer tests in MCU _II were terminated early, and hydraulic conductivity was unable to
be calculated for those tests. Therefore, the conclusion remains that the hydraulic conductivity within
MCU I is extremely low.

Productivity in the LFA-upper at the Oak Island site appears to come from multiple, discrete zones of
fractured or vuggy rock interbedded with very low-permeability dolostone. Three significant productive
zones were identified based on the packer test data and the OBI logging. For discussion purposes, these
three productive zones are named and numbered sequentially from shallow to deep as LF1 (1,180 to
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1,250 ft bls—with a large void noted at 1,195 ft bls), LF2 (1,390 to 1,420 ft bls), and LF3 (1,480 to
1,510 ft bls). These three zones had hydraulic conductivities ranging from approximately 13 to 65 ft/day,
which were greater than the hydraulic conductivities of the intervening, relatively lower-productivity zones
within the LFA-upper where hydraulic conductivities averaged approximately 6 ft/day.

Representative OBI images of the LF1 and LF3 flow zones are presented below in Figure 13. These images
show the typical large, open vugs that are found in the LFA-upper.

1,195

Depth, ft bls

Figure 13. OBI imges of a portion of LFl (left and center) and LF3 (right) in OSF-108R showig
abundant large vugs and granular texture.

The TDS concentrations measured in LF1 were higher (ranging from 866 to 1,726 mg/L) than the TDS
concentration measured in LF2 and LF3 and the remaining LFA-upper groundwater samples, which had
TDS concentrations ranging from 350 to 510 mg/L. Groundwater samples from the LFA-upper are
classified as Frazee water type TW-IW (Frazee 1982), indicating some degree of ionic heterogeneity
between the high flow zones.

GLAUCIpu (1,510 ft bls to 1,900 ft bls)

Following the ECFTX model mapping protocol (CFWI Hydrologic Analysis Team 2016), the base of the
LFA-upper should coincide with the base of the last productive zone above the natural gamma log marker
for the GLAUCIpu. As described in the model documentation report for the ECFTX model (CFWI
Hydrologic Analysis Team 2020), Duncan et al. (1994) first noted a distinctive gamma log signature from
an interbedded series of wackestone and dolostone near the top of the Oldsmar Formation. They attributed
that gamma signature to the presence of glauconite, clay, and collophane, and used this gamma ray log
signature to correlate this marker unit through Brevard and Indian River counties. Duncan et al. (1994)
referred to the gamma signature as the “glauconitic zone marker,” and this name has remained, despite the
marker being identifiable in numerous wells where no glauconite was observed. At Oak Island, glauconite
was found between 1,430 and 1,473 ft bls in the Avon Park Formation and between 1,712 and 1,750 ft bls
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in the Oldsmar Formation. The distinctive gamma ray signature noted by Duncan et al. (1994) starts at
1,580 ft bls, and the largest gamma ray log peaks occur at 1,595 and 1,619 ft bls, correlating with organics
described in the recovered cores.

Within the GLAUCIpu, the packer test hydraulic conductivities averaged approximately 5 ft/day from tests
44, 45, 46, 47, and 51 (during tests 39, 40, 41, 42, 43, 48, and 50 the pump was shut down within minutes
due to excessive drawdown). This is indicative of a relatively unproductive lithologic interval when
compared to the packer tests completed in the overlying LFA-upper, which did not have excessive, rapid
drawdowns even though they were performed at the same or higher pumping rate than the tests performed
in the GLAUCIpu.

The GLAUCIpu at OSF-108R is composed predominantly of pale yellowish brown dolostone to a depth of
approximately 1,546 ft bls, underlain by a sequence of dark yellowish brown, pale yellowish brown, pale
yellowish orange, and grayish orange wackestone, interbedded with pale yellowish brown, dark yellowish
brown, and grayish orange mudstone beds from 1,546 to 1,577 ft bls. These mudstone beds are underlain
by interbedded clayey wackestone, dolostone, calcareous dolostone, mudstone, and packstone with similar
colors to the rest of the GLAUClIpu.

A representative OBI image of the GLAUC]Ipu and a photo of the core are presented in Figure 14. These
images show the lack of porosity within the GLAUC]Ipu.
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Figure 14. OBI image and photo of core from OSF-108R. OBI image depths are approximately 1,662 to
1,668 ft bls (left) and the cores shown here are from 1,660 (top left of the core box) to

1,670 ft bls (bottom right of the core box). These images show the lack of porosity within
the GLAUClIpu.

LFA-basal (1,900 to 2,020 ft bls)

The top of the LFA-basal was identified at 1,900 ft bls, coinciding with an increase in hydraulic
conductivity, an increase in productivity, and a change to a dolostone-dominated lithology. Rock colors
were predominantly pale yellowish brown, moderate yellowish brown, and very pale orange.

Packer test hydraulic conductivities increased between the GLAUClpu and the LFA-basal, from an average
of approximately 5 ft/day throughout the GLAUCIpu (tests 44, 45, 46, 47, 49, and 51) to an average of
approximately 24 ft/day for tests in the LFA-basal (tests 52, 53, 54, and 55).

Representative OBI images of the LFA-basal are presented in Figure 15. These images show the typical
large, open vugs that are found in the LFA-basal.
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Figure 15. OBI images and photo of LFA-basal core from the OSF-108R corehole. Depth intervals are
approximately 1,970 to 1,978 ft bls (image on the left) and 1,985 to 1,995 ft bls (image on the
right). These images show abundant large vugs, some bedding plane dissolution, and granular
texture.
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Packer Testing

Fifty-five single packer tests were completed within the continuously cored portions of exploratory corehole
OSF-108R using a wireline packer assembly. The packer tests were conducted to obtain data for calculation
of the hydraulic conductivity of each 30-ft-long packer test interval, to collect representative groundwater
samples for laboratory analyses, and to collect recovery water levels that are representative of each tested
interval.

Figure 16 illustrates the setup used for OSF-108R packer testing. After every 30 ft of coring was completed,
the core casing was pulled up from the maximum cored depth to the base of the previous packer test interval.
Each packer test interval was then developed using air-lifting methods for a minimum of 1 hour to remove
rock debris and drilling fluids. After development was complete, the packer assembly was attached to a
support cable and lowered into place. A submersible pump was attached to steel drop pipe and suspended
inside the core casing, generally at a depth of 80 to 100 ft bls. The packer assembly was then inflated using
compressed nitrogen gas. The water level in the packed-off test interval was allowed to stabilize for
approximately 15 minutes before pumping started.
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Figure 16. Head loss components, general schematic of the packer assembly, and test interval used
during packer testing at OSF-108R.
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The narrow (approximately 3-inch) inner diameter of the core casing did not provide sufficient space to
accommodate installation of a pressure transducer to the drop pipe after the pump, drop-pipe, associated
electrical wiring, and packer assembly support cabling were in place. Therefore, depth-to-water
measurements were collected manually using an electronic depth-to-water indicator. Manual
depth-to-water measurements were collected by the drill crew at 1-minute intervals for the first 5 minutes
of both the drawdown and recovery portions of the test, and at 5-minute intervals thereafter. The packer
assembly was configured so a conductivity, temperature, and depth (CTD) probe could be attached to the
bottom of the intake screen below the packer (Figure 16). The standard procedure for each packer test was
to pump three corehole volumes at the maximum producible rate, typically between 5 and 31 gallons per
minute (gpm), while monitoring and recording field water quality parameters (i.e., temperature, pH, and
specific conductance), followed by collection of a groundwater sample for laboratory analyses. The pump
was then shut off, and water levels were monitored until they stabilized. For test intervals in which
low-permeability rock did not allow removal of three corehole volumes of water, pumping continued until
both the drawdown and water quality parameters had stabilized, or until water levels neared the pump
intake. Table 2 is a summary of all the packer tests completed during this investigation. Problems
encountered during individual packer testing are noted next to specific test numbers in the table and
described in detail below Table 2.

Table 2.  OSF-108R packer test summary.

Test Interval Butisitoy | B Recovery
s Test Date (ft bls) Rate Duration LRI Comments
Test # Top Bottom (gpm) (bh:mm) Water
Depth Depth (ft bls)
1| 3172021 | 370 | 400 | 30.00 1:20 5.14 Step te;:gﬁonfﬁfiﬂi dueto
2| 3/17/2021 | 400 430 30.00 1:10 5.22 No Saniﬁi;ﬁl‘i‘fyto high
3 3/18/2021 430 460 30.00 0:45 5.26
4 3/19/2021 460 490 30.00 0:45 4.74
5 3/22/2021 490 520 29.00 10:45 5.08
6 3/23/2021 520 550 17.50 1:15 4.79
Packer airline leaking during
7° 3/24/2021 550 580 31.00 0:50 3.34 recovery, recovery DTWs
suspect
8 3/24/2021 580 610 31.00 0:45 4.89
3/25/2021 610 640 31.00 0:50 5.30
10 3/25/2021 640 670 31.00 1:00 5.03
11 3/29/2021 670 700 30.00 1:00 4.97
12 3/30/2021 700 730 30.00 1:05 5.31
Packer airline leaking during
130 | 4/12/2021 | 730 760 30.00 1:00 7.03 recovery, but DTW
measurement next day
appeared to be correct
14 4/13/2021 760 790 30.00 1:00 5.72
15 4/14/2021 790 820 28.50 1:05 6.62
16 4/14/2021 820 850 28.00 1:05 7.03
17 4/15/2021 850 880 16.20 1:35 7.01
18° 4/16/2021 880 910 4.50 0:20 7.01 No sample, pumped dry
19%¢ | 4/19/2021 910 940 10.00 0:35 9.39 No sample, pumped dry
20° 4/21/2021 940 970 27.00 0:17 8.23 No sample, pumped dry
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Table 2. Continued.
Test Interval Fimipheg | B Recovery
s Test Date (1) Rate Duration LRI Comments
Test # Top Bottom : Water
Depth | Depth | (&P™) | (hhmm) |1
21° 4/22/2021 970 1,000 12.00 0:01 9.64 No sample, pumped dry
22%¢ | 4/23/2021 | 1,000 1,030 26.00 0:01 19.45 No sample, pumped dry
23%4e | 4/26/2021 | 1,030 1,060 20.00 0:01 37.22 No sample, pumped dry
24%¢ | 4/27/2021 | 1,060 1,090 6.80 0:05 42.80 No sample, pumped dry
25¢4¢ | 4/28/2021 | 1,090 1,120 5.00 0:20 71.22 No sample, pumped dry
26%%¢ | 4/30/2021 1,120 1,150 6.00 0:05 66.05 No sample, pumped dry
27 5/3/2021 1,150 1,180 13.00 2:20 34.96
28f 5/5/2021 1,180 1,210 30.00 1:30 31.32
202b 5/10/2021 1,210 1,240 30.00 1:55 35.66 Unable to stress aquifer?
30%b 5/12/2021 1,240 1,270 30.00 1:50 35.84 Unable to stress aquifer?
31 5/14/2021 | 1,270 1,300 27.00 1:40 35.53
32 5/18/2021 | 1,300 1,330 27.00 2:09 35.35
33¢ 5/20/2021 1,330 1,360 8.00 0:03 36.28 No sample, pumped dry
34 5/21/2021 | 1,360 1,390 27.00 2:00 35.78
35 5/24/2021 | 1,390 1,420 28.00 1:35 35.86
36 5/25/2021 | 1,420 1,450 24.00 1:35 36.00
37 5/26/2021 | 1,450 1,480 27.00 1:35 36.24
38 5/27/2021 | 1,480 1,510 28.00 1:35 37.54
39¢d 6/1/2021 1,510 1,540 15.00 0:12 38.14 No sample, pumped dry
40¢¢ 6/2/2021 1,540 1,570 22.00 0:01 137.85 No sample, pumped dry
41 6/3/2021 1,570 1,600 30.00 0:01 138.02 No sample, pumped dry
42° 6/7/2021 1,600 1,630 30.00 0:02 37.63 No sample, pumped dry
434 6/8/2021 1,630 1,660 13.00 0:05 34.78 No sample due to high turbidity
44 6/11/2021 | 1,660 1,690 23.00 1:55 33.69
45 6/14/2021 | 1,690 1,720 26.00 1:35 35.75
46 6/16/2021 | 1,720 1,750 22.00 1:30 32.97
47 6/17/2021 | 1,750 1,780 28.00 1:40 32.00
No sample, pumped dry Packer
48b¢ 6/21/2021 1,780 1,810 10.00 0:05 13.71 airline leaking during recovery,
recovery DTWs suspect
49> | 6/23/2021 | 1,810 | 1,840 | 23.00 0:13 32.96 Packer seal broke during
’ ’ pumping, no recovery DTWs
50¢ 6/24/2021 | 1,840 1,870 13.30 0:05 33.00 No sample, pumped dry
51 6/25/2021 | 1,870 1,900 26.00 2:05 32.47
52&0 | 6/29/2021 | 1,900 1,930 28.00 2:15 31.20
53f 6/30/2021 | 1,930 1,960 26.50 2:40 31.00
548 7/2/2021 1,960 1,990 28.50 1:50 30.46
55° 7/8/2021 1,990 2,020 28.00 2:05 31.68

DTW = depth to water; ft bls = feet below land surface; gpm = gallons per minute; hh:mm = hours: minutes.

- 0o a o o

Drawdown calculated from CTD data was within the propagated margin of error (£0.67 ft).

Packer leaking or other hydraulic issue.
Pumping rate was too high for open interval; water level dropped to a point where pump had to be shut off.
Water level meter likely malfunctioning.
Recovery water levels had not stabilized.
CTD probe issues.
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The list below provides a summary of the equipment problems and testing limitations encountered during
the packer testing program at OSF-108R.

e Fortests 18, 19, 20, 21, 22, 23, 24, 25, 26, 33, 39, 40, 41, 42, 48, and 50, the tests were terminated
carly because the pumping rate was too high for the tested interval, resulting in the water level
dropping to the pump intake. Since steady-state conditions had not been achieved, the calculated
drawdowns from these tests were underestimated, and any hydraulic conductivities calculated from
these tests were overestimated. This would be true using both manual depth-to-water measurements
and the measurements obtained from the CTD probe.

e For tests 7, 13, and 48, the packer was leaking during recovery, resulting in unreliable recovery
depth-to-water levels.

e For test 49, the packer seal broke during pumping, causing the test to be stopped, resulting in no
recovery water levels.

e For tests 27 and 28, the water level meter was malfunctioning during the initial drawdown. The
pumping rate was reduced, and the water level meter was likely reliable from that point until the
end of water level recovery. Therefore, the recovery depth-to-water measurements for these tests
were acceptable for evaluating the static water level of these two tested intervals.

e For tests 29 and 30, the aquifer could not be stressed due to the maximum pumping rate of the
pump and high productivity of the zones.

e For tests 19, 23, 25, 26, 39, and 43, the water level meter was malfunctioning, at least during the
pumping portions of some of the packer tests, resulting in questionable total drawdown
calculations. Any calculated drawdowns from these tests were underestimated, and any hydraulic
conductivities calculated from these tests were overestimated. This was true only for the manual
depth-to-water measurements collected during tests 19, 23, 25, 26, 39, and 43. The recovery
depth-to-water measurements appeared to be acceptable for evaluating the static water level of the
tested interval (see Water Levels section). The water level meter appeared to start working correctly
again after test 28, but then appeared to malfunction intermittently during tests 39 and 43. The
water level meter had an electrical short, and a new water level meter was purchased and used
during the final month of packer testing during packer tests 45 through 55.

e For tests 22, 23, 24, 25, 26, 40, and 41, water level recovery had not stabilized, and the water was
still rising when it was decided to deflate the packer, remove the pump and packer assembly, and
continue coring. Calculated drawdowns from these tests were underestimated, and any hydraulic
conductivities calculated from these tests were overestimated. The recovery depth-to-water
measurements for these tests are not representative of the static water levels of these tested intervals
(see Water Levels section).

HYDRAULIC ANALYSIS

An Idronaut brand CTD probe was installed directly below the packer assembly within the open borehole
test interval (Figure 16) so its measurements were not subject to the effects of well losses across the packer
testing assembly. Because of its location in the borehole, the Idronaut CTD data were assumed in previous
SFMWD reports (Richardson et al. 2020a,b, Coonts 2021) to be the best representation of the in situ
drawdowns in the formation, unaffected by pipe losses. The Idronaut CTD probe uses a highly sensitive
pressure sensor with an accuracy of 0.01% and a precision of up to 0.002% of its full pressure range. To
operate across the complete depth of the FAS, a large pressure range is required. The Idronaut CTD probe
contains a 100-bar (1,450.38 pounds per square inch) pressure transducer. Given the groundwater density
encountered in the borehole, this equates to a rated accuracy of +0.335 ft. The manual depth-to-water
measurements, by contrast, have an expected accuracy of £0.01 ft. The Idronaut CTD probe was installed

29



and operated correctly in 89% of the packer tests. The manual depth-to-water readings, by contrast, were
collected during every packer test. Unfortunately, the water level meter was malfunctioning for at least a
portion of tests 19, 23, 25, 26, 27, 28, 39, and 43 as specified above. The water level meter was functioning
correctly during 85% of the packer tests.

To estimate the horizontal hydraulic conductivity for all the packer tests, head loss components of the
measured drawdown need to be accounted for, including those caused by friction as water travels through
the packer assembly and core casing, and pressure losses due to a sudden expansion or contraction of water
flowing into or out of the packer testing assembly. The four components of total head loss accounted for in
the analyses are shown in Figure 16 and listed below in order of the water’s flow path through the packer
testing assembly and borehole:

1. Head losses due to the sudden contraction of the system as pumped water travels from the open-hole
test interval into the packer assembly (component 1 in Figure 16).

2. Frictional losses as the pumped water flows through the packer assembly (component 2
in Figure 16).

3. Head losses due to the sudden expansion of the system as pumped water exits the top of the
narrow-diameter packer assembly and flows into the larger-diameter core casing (component 3
in Figure 16).

4. Frictional losses due to the pumped water flowing through the core casing (component 4
in Figure 16).

Previous CFWI-related reports by the District (see for example Richardson et al. 2020a,b, Coonts 2021)
included frictional losses (components 2 and 4), and an estimate of head loss due to the intake screen
(Figure 16) but did not include head losses due to sudden expansion or sudden contraction (components 1
and 3). The revised methodology presented and used here includes the head losses due to sudden expansion
and contraction.

Total Head Loss Components

Head Losses Due to Sudden Contraction (1)

When water flows from a large-diameter pipe into an abruptly smaller-diameter pipe, there is an increase
in velocity and a loss of energy due to turbulent eddies which form along the inside edge of the
large-diameter pipe adjacent to where it meets the smaller-diameter pipe (Figure 17). In addition, an
hourglass-shaped constriction of flow, called the vena contracta, forms within the smaller-diameter pipe.
The vena contracta’s diameter is smaller than the diameter of the small-diameter pipe. The turbulent eddies
and expansion after the vena contracta cause a loss of energy/head loss.
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Figure 17. Sudden contraction.
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The head loss equation for sudden contraction is (Finnemore and Franzini, 2002, p. 306, eq. 8.75):
V,? .
ha= k¢ * ﬁ Equation (1)

Where:

h = head loss (ft of water)

ke = loss coefficient for a sudden contraction (dimensionless) (taken as 0.39 for this packer assembly
setup)

V, = flow velocity through smaller-diameter pipe (ft/sec)

g = gravitational acceleration (32.2 ft/s?)

Frictional Losses Through Packer Assembly (2) and Core Casing (4)

There are multiple methods for calculating the head losses due to pipe friction, including those developed
from theory (such as the Darcy-Weisbach equation, which is derived primarily from dimensional analysis),
and empirical calculations based on observations (such as the Hazen-Williams equation). Although the
Hazen-Williams equation is easier to calculate, in theory, it is only applicable to the flow of water through
pipes with inside diameters greater than 2 inches with water velocities less than 10 ft per second (Finnemore
and Franzini 2002, p. 299). Because of these pipe diameter and velocity restrictions, the Hazen-Williams
equation is only applicable for calculation of the frictional losses through the core casing (Table 3).
However, for comparison purposes, both the Hazen-Williams and the Darcy-Weisbach equations were used
to calculate head losses through both the packer assembly and core casing.

Table 3.  Pipe information for well loss calculations.

Pipe Section Inner Diameter (inches) Length (ft) Roughness Coefficient®
Core Casing 3.1 Top of Test Interval — Depth to Water 130°
Packer Assembly 1.1 9.0 130°

@ Hazen-Williams roughness coefficient listed in Finnemore and Franzini 2002, p. 299.
b A Hazen-Williams roughness coefficient of 140 was found to result in the closest match with the Darcy-Weisbach results.

The empirical Hazen-Williams equation (using Finnemore and Franzini 2002, p. 300, eq. 8.67 substituted
into eq. 8.65) to calculate the pressure loss due to friction is as follows:

4,727 Lx Q1852
CL832x D487

hs = Equation (2)

Where:

hg= head loss (ft of water)

L = pipe length (ft)

Q = discharge rate (ft*/sec)

Cuw = Hazen-Williams roughness coefficient
D = inside pipe diameter (ft)

For comparison against the empirically derived (and theoretically limited) Hazen-Williams frictional head

losses, the dimensional analysis-based Darcy-Weisbach equation (using Finnemore and Franzini 2002,
p. 300, eq. 8.66 substituted into eq. 8.65) was used to calculate the frictional pressure loss:
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Equation (3)

Where:

hy = head loss (ft of water)

f= Darcy friction factor (dimensionless)

L = pipe length (ft)

Q = discharge rate (ft¥/sec)

g = acceleration due to gravity (32.2 ft/sec?)
D = inside pipe diameter (ft)

The Darcy-Weisbach equation uses a Darcy friction factor (f), calculated using the Swamee-Jain equation
(Swamee and Jain 1976):

; 0.25 Equation (4)
= z T 74 qua 10N
llog(555+7as )12

Where:

f= Darcy friction factor (dimensionless)

R = Reynolds number (dimensionless)

€ = absolute roughness (inches, taken as 0.006 inches for existing steel)
d = inside diameter of pipe (inches)

As shown in Equation 4, the Darcy friction factor depends on a Reynolds number (R), calculated
(Finnemore and Franzini 2002, p. 256, eq. 8.11) using the following:

_D*V
v

Equation (5)

Where:

R = Reynolds number (dimensionless)

D = pipe diameter (ft)

V = velocity (ft/sec)

v = kinematic viscosity (taken as 0.00001 ft*/sec for the specific conductivities measured during packer
testing at this site)

A total of 55 packer tests were completed during the wireline coring of OSF-108R. The frictional losses
through the packer assembly calculated using the empirical Hazen-Williams equation resulted in an average
difference of approximately 22% when compared to the dimensional analysis-based Darcy-Weisbach
equation. For the frictional losses through the core casing, the difference was approximately 3% (Table 4).
These results confirm the limitations of the Hazen-Williams equations for the small inside diameter (1 inch)
packer assembly discharge pipe. Therefore, this report uses the Darcy-Weisbach equation results for the
frictional head losses.

33



Table 4.  Comparison of Hazen-Williams and Darcy-Weisbach results from OSF-108R packer tests.
Packer | Discharge Head Loss Across Packer Assembly (ft) Head Loss Across Core Casing (ft)
Test Rate (gpm) Ha;en- Dgrcy— . % ngpn— Dgrcy- . %
Williams Weisbach | Difference Williams Weisbach Difference
12 30.00 3.91 5.06 25.6 1.02 0.99 3.0
2 30.00 3.91 5.06 25.6 1.10 1.07 2.8
3 30.00 391 5.06 25.6 1.19 1.15 34
4 30.00 391 5.06 25.6 1.27 1.23 3.2
5 29.00 3.67 4.74 25.4 1.27 1.23 3.2
6 17.50 1.44 1.76 20.0 0.53 0.51 3.8
7° 31.00 4.15 5.40 26.2 1.62 1.57 3.1
8 31.00 4.15 5.40 26.2 1.71 1.66 3.0
9 31.00 4.15 5.40 26.2 1.80 1.74 34
10 31.00 4.15 5.40 26.2 1.89 1.83 3.2
11 30.00 391 5.06 25.6 1.86 1.80 33
12 30.00 391 5.06 25.6 1.94 1.89 2.6
13° 30.00 391 5.06 25.6 2.03 1.97 3.0
14 30.00 391 5.06 25.6 2.11 2.05 2.9
15 28.50 3.55 4.58 25.3 1.99 1.93 3.1
16 28.00 3.44 4.42 24.9 2.00 1.94 3.0
17 16.20 1.25 1.51 18.8 0.75 0.73 2.7
18¢ 4.50 0.12 0.13 8.0 0.07 0.08 13.3
194 10.00 0.51 0.59 14.5 0.33 0.32 3.1
20°¢ 27.00 3.21 4.11 24.6 2.15 2.08 33
21¢ 12.00 0.72 0.85 16.6 0.49 0.48 2.1
206¢ 26.00 3.00 3.82 24.0 2.13 2.06 33
23¢cde 20.00 1.84 2.28 21.4 1.36 1.31 3.7
24¢¢ 6.80 0.25 0.28 11.3 0.19 0.19 0.0
25¢0de 5.00 0.14 0.16 13.3 0.11 0.11 0.0
26%4¢ 6.00 0.20 0.22 9.5 0.16 0.16 0.0
27 13.00 0.83 0.99 17.6 0.68 0.66 3.0
28f 30.00 391 5.06 25.6 3.21 3.12 2.8
2920 30.00 391 5.06 25.6 3.28 3.18 3.1
300 30.00 391 5.06 25.6 3.37 3.27 3.0
31 27.00 3.21 4.11 24.6 2.84 2.75 3.2
32 27.00 3.21 4.11 24.6 291 2.82 3.1
33¢ 8.00 0.34 0.39 13.7 0.31 0.31 0.0
34 27.00 3.21 4.11 24.6 3.04 2.95 3.0
35 28.00 3.44 4.42 24.9 3.33 3.23 3.0
36 24.00 2.58 3.26 23.3 2.56 247 3.6
37 27.00 3.21 4.11 24.6 3.25 3.15 3.1
38 28.00 3.44 4.42 24.9 3.55 3.44 3.1
394 15.00 1.08 1.30 18.5 1.14 1.11 2.7
40¢¢ 22.00 2.20 2.75 22.2 2.36 2.28 34
41¢¢ 30.00 3.91 5.06 25.6 4.28 4.16 2.8
42¢ 30.00 3.91 5.06 25.6 4.37 4.24 3.0
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Table 4. Continued.

Head Loss Across Packer Assembly (ft)

Head Loss Across Core Casing (ft)

P%(;l;fr RDal tsec}(l;;%g) Ha;en- Dgrcy— . % ngpn— Dgrcy- . %
Williams Weisbach | Difference Williams Weisbach Difference

434 13.00 0.83 0.99 17.6 0.95 0.92 3.2
44 23.00 2.39 3.00 22.6 2.78 2.68 3.7
45 26.00 3.00 3.82 24.0 3.55 3.44 3.1
46 22.00 2.20 2.75 22.2 2.65 2.57 3.1
47 28.00 3.44 4.42 24.9 4.22 4.09 3.1
48b< 10.00 0.51 0.59 14.5 0.64 0.63 1.6
49° 23.00 2.39 3.00 22.6 3.04 2.94 3.3
50¢ 13.30 0.87 1.03 16.8 1.12 1.09 2.7
51 26.00 3.00 3.82 24.0 3.94 3.81 34
528f 28.00 3.44 4.42 24.9 4.59 4.45 3.1
53f 26.50 3.11 3.97 243 4.22 4.08 34
54af 28.50 3.55 4.58 25.3 4.90 4.75 3.1
55° 28.00 3.44 4.42 24.9 4.82 4.67 3.2
Average Percent Difference 22.3 3.0

ft = feet; gpm = gallons per minute.

- e o o o »

Drawdown calculated from CTD data was within the propagated margin of error (£0.67 ft).

Packer leaking or other hydraulic issue.
Pumping rate was too high for open interval; water level dropped to a point where pump had to be shut off.

Water level meter likely malfunctioning.
Recovery water levels had not stabilized.

CTD probe issues.

Head Losses Due to Sudden Expansion (3)

When water is pumped from a small-diameter pipe into an abruptly larger-diameter pipe, turbulent eddies
form at the sudden enlargement of the pipe (Figure 18). The formation of eddies at this enlargement causes
a loss of energy in the form of heat, which is dispersed to the surroundings.
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Figure 18. Sudden expansion.
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The head loss equation for sudden expansion is (Finnemore and Franzini 2002, p. 309, eq. 8.76):
hg=—F—" Equation (6)

Where:

hg= head loss (ft of water)

V, = flow velocity through smaller-diameter pipe (ft/s)
V.= flow velocity through larger-diameter pipe (ft/s)
g = gravitational acceleration (32.2 ft/s?)

Head Losses Due to Screen Intake

Previous efforts by District hydrogeologists to quantify head losses from packer testing
(Richardson et al. 2020 a,b, Coonts 2021) included a head loss factor for the intake screen located below
the packer assembly (to which the Idronaut CTD probe was attached). A method to empirically estimate
head losses due to the intake screen as a function of pumping rate was developed during the initial
deployment of the intake screen and Idronaut CTD probe (Richardson et al. 2020a). The development of
this method included a set of step tests, one with the intake screen installed and one without the intake
screen, which were conducted on November 15, 2017, during packer testing at OSF-112. A third-order
polynomial trend-line was fitted to the resultant head difference between the two tests versus the pumping
rate. However, attempts to reproduce the results on December 15 and 16, 2021 and March 7 and 8, 2022,
during packer testing at OSF-114 were unsuccessful. Because of this, the improvements to the packer test
head loss calculations and analyses methods were made (including calculation of the head losses due to
sudden expansion and sudden contraction), as described in this report. The previously used method to
determine the head losses due to the screen intake is not utilized in this report.

Corrected Drawdown

For the Oak Island packer tests, the corrected drawdown was calculated as the raw drawdown minus the
head loss components:

Scort = Spaqw — he = Npg — he — hgc Equation (7)

Where:

Scorr = corrected drawdown (ft)

Sraw = raw drawdown (ft)

h, = head loss due to sudden contraction (ft)

hpe = frictional losses through packer assembly (calculated using Darcy-Weisbach equation) (ft)
h. = head loss due to sudden expansion (ft)

h.. = frictional losses through core casing (calculated using Darcy-Weisbach equation) (ft)

Table 5 includes the head loss components used to calculate the corrected drawdown along with the

drawdown calculated from the CTD data—which in theory should be more accurate given the position of
the CTD probe below the packer assembly (Figure 16).
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Table 5. OSF-108R packer testing drawdown summary.
Drawdown — Measured & Calculated from the Surface (ft)
Pack Discharge | Raw Drawdown Head Loss Components Corrected Drawdown |Relative Percent
acker ;
Test # Rate | Calculated from | (1) Head Loss |(2) Friction Loss | (3) Head Loss |(4) Friction Loss | Drawdown (raw | Calculated from | Difference of
(gpm) Manual Due to Sudden| Across Packer | Due to Sudden | Across Core | calculated head | CTD Probe (ft) | Drawdown
Measurements | Contraction Assembly Expansion Casing losses) (for comparison)
1? 30.00 18.00 0.62 5.06 1.22 0.99 10.11 0.47 --
2 30.00 19.95 0.62 5.06 1.22 1.07 11.98 2.18 138.4
3 30.00 37.14 0.62 5.06 1.22 1.15 29.09 23.60 20.8
4 30.00 43.51 0.62 5.06 1.22 1.23 35.38 24.12 37.8
5 29.00 67.82 0.58 4.74 1.14 1.23 60.13 56.60 6.0
6 17.50 61.96 0.21 1.76 0.41 0.51 59.07 57.87 2.1
7° 31.00 19.78 0.66 5.40 1.30 1.57 10.85 3.00 113.4
8 31.00 22.94 0.66 5.40 1.30 1.66 13.92 5.52 86.4
9 31.00 28.23 0.66 5.40 1.30 1.74 19.13 12.46 42.2
10 31.00 14.83 0.66 5.40 1.30 1.83 5.64 1.21 129.5
11 30.00 17.60 0.62 5.06 1.22 1.80 8.90 1.41 145.4
12 30.00 47.16 0.62 5.06 1.22 1.89 38.37 34.53 10.5
13° 30.00 21.92 0.62 5.06 1.22 1.97 13.05 9.14 35.2
14 30.00 20.20 0.62 5.06 1.22 2.05 11.25 2.34 131.1
15 28.50 65.96 0.56 4.58 1.10 1.93 57.79 49.73 15.0
16 28.00 51.70 0.54 442 1.06 1.94 43.74 35.90 19.7
17 16.20 65.38 0.18 1.51 0.36 0.73 62.60 60.20 3.9
18° 4.50 50.50 0.01 0.13 0.03 0.08 50.25 49.50 1.5
194 10.00 90.89 0.07 0.59 0.14 0.32 89.77 89.84 0.1
20°¢ 27.00 91.84 0.50 4.11 0.99 2.08 84.16 90.38 7.1
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Table 5. Continued.

Drawdown — Measured & Calculated from the Surface (ft)

Packer Discharge | Raw Drawdown Head Loss Components Corrected Drawdown |Relative Percent
Test # Rate | Calculated from | (1) Head Loss |(2) Friction Loss | (3) Head Loss |(4) Friction Loss | Drawdown (raw |Calculated from | Difference of
(gpm) Manual Due to Sudden| Across Packer |Due to Sudden | Across Core | calculated head | CTD Probe. (fH) Drawdown
Measurements | Contraction Assembly Expansion Casing losses) (for comparison)

21¢ 12.00 90.60 0.10 0.85 0.19 0.48 88.98 72.28 20.7
22¢¢ 26.00 80.76 0.47 3.82 0.92 2.06 73.49 71.86 2.2
23cde 20.00 63.00 0.28 2.28 0.54 1.31 58.59 56.45 3.7
24¢¢ 6.80 57.32 0.03 0.28 0.06 0.19 56.76 52.32 8.1
25¢de 5.00 28.93 0.02 0.16 0.03 0.11 28.61 27.34 4.5
26%de 6.00 34.22 0.02 0.22 0.05 0.16 33.77 791 124.1

27 13.00 26.48 0.12 0.99 0.23 0.66 24.48 25.75 5.1

28f 30.00 30.90 0.62 5.06 1.22 3.12 20.88 -- -
29ab 30.00 14.12 0.62 5.06 1.22 3.18 4.04 -0.03 202.5
3020 30.00 14.22 0.62 5.06 1.22 3.27 4.05 0.03 197.0

31 27.00 47.58 0.50 4.11 0.99 2.75 39.23 31.87 20.7

32 27.00 36.15 0.50 4.11 0.99 2.82 27.73 22.35 21.5

33¢ 8.00 63.05 0.04 0.39 0.09 0.31 62.22 55.76 10.9

34 27.00 61.32 0.50 4.11 0.99 2.95 52.77 48.41 8.6

35 28.00 27.07 0.54 442 1.06 3.23 17.82 10.48 51.9

36 24.00 73.63 0.40 3.26 0.78 2.47 66.72 61.23 8.6

37 27.00 50.55 0.50 4.11 0.99 3.15 41.80 3391 20.8

38 28.00 19.74 0.54 4.42 1.06 3.44 10.28 3.60 96.2
39¢d 15.00 82.80 0.16 1.30 0.30 1.11 79.93 79.63 0.4
40 22.00 2.00 0.33 2.75 0.66 2.28 4.02 2.73 38.0
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Table 5. Continued.

Drawdown — Measured & Calculated from the Surface (ft)
Packer Discharge | Raw Drawdown Head Loss Components Corrected Drawdown | Relative Percent
Test # Rate | Calculated from | (1) Head Loss |(2) Friction Loss | (3) Head Loss |(4) Friction Loss | Drawdown (raw |Calculated from | Difference of
(gpm) Manual Due to Sudden| Across Packer |Due to Sudden | Across Core | calculated head | CTD Probe (ft) | Drawdown
Measurements | Contraction Assembly Expansion Casing losses) (for comparison)

41%° 30.00 2.00 0.62 5.06 1.22 4.16 9.06 3.19 96.0

42°¢ 30.00 104.49 0.62 5.06 1.22 4.24 93.35 75.03 21.8

434 13.00 107.20 0.12 0.99 0.23 0.92 104.94 104.48 0.4

44 23.00 67.36 0.37 3.00 0.72 2.68 60.59 58.20 4.0

45 26.00 52.80 0.47 3.82 0.92 3.44 44.15 43.28 2.0

46 22.00 66.92 0.33 2.75 0.66 2.57 60.61 50.04 19.1

47 28.00 36.15 0.54 4.42 1.06 4.09 26.04 17.87 37.2
48b¢ 10.00 128.38 0.07 0.59 0.14 0.63 126.95 85.33 39.2
495f 23.00 58.17 0.37 3.00 0.72 2.94 51.14 -- --

50¢ 13.30 87.12 0.12 1.03 0.24 1.09 84.64 82.51 2.5

51 26.00 59.47 0.47 3.82 0.92 3.81 50.45 45.08 11.2
5288 28.00 20.28 0.54 4.42 1.06 4.45 9.81 1.10 159.7

53f 26.50 59.19 0.49 3.97 0.95 4.08 49.70 -- --

544 28.50 17.47 0.56 4.58 1.10 4.75 6.48 0.04 197.8

55f 28.00 19.82 0.54 4.42 1.06 4.67 9.13 -- --

-- = no calculation due to equipment issues; ft = feet; gpm = gallons per minute.
Drawdown calculated from CTD data was within the propagated margin of error (+0.67 ft).
Packer leaking or other hydraulic issue.
Pumping rate was too high for open interval; water level dropped to a point where pump had to be shut off.
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Water level meter likely malfunctioning.
Recovery water levels had not stabilized.

CTD probe issues.
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Hydraulic Parameters

Calculated total drawdown for the 55 packer tests at the Oak Island site ranged from 4.02 to 126.95 ft,
depending on the pumping rate and depth of the tested interval. The pumping rates varied from 4.5 gpm to
31 gpm. The packer tests were conducted at depths ranging from 370 to 2,020 ft bls.

As done in previous SFWMD reports, the hydraulic conductivity was calculated based on transmissivity,
which was solved using the Cooper-Jacob method (converted to ft/day), divided by the thickness of the
tested interval (Driscoll 1986, p. 219, eq. 9.6 rearranged):

(5)-264+108 (%75

K= b Equation (8)

Where:

K = hydraulic conductivity (ft/day)

Q = pumping rate (gpm)

s = drawdown (ft)

T = transmissivity in the log function is assumed “typical” and equal 30,000 gallons per day/ft
t = duration of pumping (day)

S = storage coefficient of a confined aquifer, taken as 1 x 107

r =radius of the tested interval (ft)

b = thickness of the tested interval (ft)

Results and Discussion

A summary of the raw drawdown, head loss corrected drawdown, and the hydraulic conductivity calculated
from both the corrected drawdown and from the CTD probe data are presented for each packer test in
Table 6. Hydraulic conductivity calculated using the head loss corrected drawdowns from the manual
depth-to-water measurements and the Cooper-Jacob equation varied by two orders of magnitude at the Oak
Island site, from approximately 1 to 9 ft/day in the MCU and GLAUCIpu to 65 ft/day (tests 29 and 30) in
the fractured dolostone of the LFA-upper. A plot of the resultant hydraulic conductivities and
hydrostratigraphic units is presented in Figure 20. The problems encountered during the packer testing and
the limitations of the packer testing hydraulic parameter calculations were discussed earlier in the Packer
Testing section. Limitations of the packer testing hydraulic parameter calculations include the following:

e Tests which lasted less than 1 hour had not reached steady-state drawdown conditions; therefore,
any calculations of hydraulic conductivity (calculated using CTD data or head loss corrected
manual measurements) would be overestimated. At the Oak Island site, this included tests 18, 19,
20, 21, 22, 23, 24, 25, 26, 33, 39, 40, 41, 42, 48, and 52.

e Hydraulic conductivity could not be calculated (with any degree of certainty) from packer tests
where the drawdown was within the CTD’s propagated accuracy (£0.67 ft total). This included
tests 1, 29, 30, 52, and 54. Therefore, only the hydraulic conductivity calculated from the corrected
drawdown based on the head loss could be used for these tests.

The head loss components described in this section adhere to Bernoulli’s theorem. Bernoulli’s theorem
essentially states that the total energy of a flowing fluid remains constant and is comprised of energy
associated with the fluid pressure, the kinetic energy of the fluid and the potential energy component
(elevation head).
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The head form of the Bernoulli equation is defined as follows:
h=2Ly 2y g Equation (9)
pg 29 ! d

Where:

h = total head (ft of water)

h; = pressure head (ft above some datum)
P = pressure (pounds per square inch)

V1 = flow velocity (ft/s)

p = density (Ib/ft%)

g = gravitational acceleration (32.2 ft/s?)

2
The first term (5—;) in Equation 9 is the pressure component of head (pressure head). The second term (:—;)

is the kinetic energy component of head (velocity head). The third term (k) is the potential energy
component of head (elevation head). Because the elevation change across the packer intake screen is
minimal, this term can reasonably be ignored.

The CTD probe only measures pressure. The velocity head is not measured by the CTD probe. Therefore,
data from the CTD probe can only account for the pressure head (term 1 in Equation 9). In previous
investigations by SWFMD (Richardson et al. 2020a,b, Coonts 2021), pressure changes induced by pumping
were understood to be equivalent to total head change (drawdown). For relatively unproductive zones,
where the change in pressure is relatively large and the velocity head is relatively small, this is likely an
acceptable assumption.

A pumping rate of 30 gpm equates to a velocity head of approximately 0.15 ft in a 4-inch-diameter corehole.
For example, if there are two hypothetical packer tests that are both pumped at 30 gpm, the velocity head
would be 0.15 ft for both packer tests. If the first packer test resulted in a drawdown of 1 ft, then the velocity
head would be 0.15 ft, or 15% of the total drawdown. If the second hypothetical packer test resulted in a
drawdown of 20 ft, then the velocity head would only be 0.8% of the total drawdown. Ignoring the velocity
head for the hypothetical packer test with 20 ft of drawdown is less consequential to the final hydraulic
conductivity calculation than if the velocity head were ignored for the packer test with a small total
drawdown. This means there is a larger uncertainty in the small-drawdown packer tests because the velocity
head is a larger component of the total head.

In addition, during this investigation, the CTD probe was installed within the turbulent zone that forms
during pumping at the packer assembly intake screen (Figure 16). In general, higher packer test pumping
rates result in larger amounts of turbulence than lower pumping rate tests. This turbulence results in a
reduction in pressure as measured by the CTD probe.

High pumping rates (with relatively high velocity heads and high turbulence) in highly productivity zones
(small pressure change) invalidate the assumption that CTD-measured pressure change data are the best
representation of the in situ drawdowns in the formation unaffected by pipe losses.

The relationship between the CTD-measured pressure change based drawdown and the corrected drawdown
(from the calculated head losses) indicates that the corrected drawdown is reasonable for those packer tests
where the pumping rate was less than approximately 28 gpm and the corrected drawdown (from the
calculated head losses) was more than 15 ft. However, for packer tests where the pumping rate was greater
than or equal to 28 gpm and the corrected drawdown was more than 15 ft, the relationship falls apart.
Figure 19 is a plot of packer test pumping rates versus the drawdown relative percent difference values
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presented in Table 5. The orange symbols in Figure 19 are those packer tests that had less than 15 ft of
corrected drawdown and displayed a much higher relative percent difference between the drawdown
measured by the CTD probe and the corrected drawdown values. This may indicate that the turbulence
created when pumping at or above approximately 28 gpm is not all being accounted for by the head loss
calculations. An alternative explanation is that the CTD probe is affected by the turbulent flow, and the
drawdown calculated from the CTD-measured pressure change is not accounting for the velocity head.
Therefore, the CTD data might not represent the best in situ drawdown at these higher pumping rates (at or
above 28 gpm) in highly transmissive zones.
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Figure 19. Packer test drawdown relative percent differences versus packer test pumping rates at
OSF-108R.

Because of the turbulence-related issues with the CTD pressure measurements, and the fact that the CTD
probe could not account for the velocity head, the hydraulic conductivities calculated using the head loss
corrected drawdowns and the Cooper-Jacob method are considered the most representative packer test
derived hydraulic conductivities. For completeness, the hydraulic conductivities calculated from both the
CTD probe pressure data and the corrected manual drawdown data are presented in Table 6. Figure 20 is
a graphical representation of the packer test hydraulic conductivities calculated using the head loss
corrected drawdown data.
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Table 6.

Summary of results from the hydraulic analyses of OSF-108R packer tests.

Test Interval Based on Manual Measurements Bell)sed Gl (GLID
Packer | Hydrostratigraphic robe Data
Test # Unit Top Bottom Raw Corrected K Drawdown K
Depth Depth | Drawdown |Drawdown (f/day) (ft) (f/day)
(ft bls) (ft bls) (ft) (ft)
12 370 400 18.00 10.11 25.32 0.47 --
2 400 430 19.95 11.98 21.20 2.18 116.50
3 430 460 37.14 29.09 8.50 23.60 10.47
4 460 490 43.51 35.38 6.99 24.12 10.25
5 490 520 67.82 60.13 4.63 56.60 4.22
6 APPZ 520 550 61.96 59.07 2.52 57.87 3.57
7° (320-760 ft bls) 550 580 19.78 10.85 23.70* 3.00 85.70*
8 580 610 22.94 13.92 18.35 5.52 46.27
9 610 640 28.23 19.13 13.44 12.46 20.63
10 640 670 14.83 5.64 46.10 1.21 215.58
11 670 700 17.60 8.90 28.27 1.41 178.95
12 700 730 47.16 38.37 6.59 34.53 7.32
13° 730 760 21.92 13.05 19.28* 9.14 27.53*
14 760 790 20.20 11.25 22.36 2.34 107.52
15 790 820 65.96 57.79 4.16 49.73 4.83
16 MCU I 820 850 51.70 43.74 5.39 35.90 6.57
17 (760 - 948 ft bls) 850 880 65.38 62.60 2.23 60.20 2.32
18¢ 880 910 50.50 50.25 0.70* 49.50 0.71*
194 910 940 90.89 89.77 0.90* 89.84 0.90%*
20°¢ 940 970 91.84 84.16 2.48%* 90.38 2.31%
21¢ 970 1,000 90.60 88.98 0.85* 72.28 1.05*
226¢ MCU 1 1,000 1,030 80.76 73.49 2.23% 71.86 2.28%*
230de (948 — 1,160 ft bls) 1,030 1,060 63.00 58.59 2.15% 56.45 2.23*
24¢¢ 1,060 1,090 57.32 56.76 0.85* 52.32 0.92*
2504 1,090 1,120 28.93 28.61 1.37* 27.34 1.43*
2659 1,120 1,150 34.22 33.77 1.26* 791 5.40*
274 1,150 1,180 26.48 24.48 4.68* 25.75 445
284f 1,180 1,210 30.90 20.88 12.35* -- --
290 1,210 1,240 14.12 4.04 64.75 -0.03 --
3020 1,240 1,270 14.22 4.05 64.42 0.03 --
31 1,270 1,300 47.58 39.23 5.95 31.87 7.33
32 LFA-upper 1,300 1,330 36.15 27.73 8.55 22.35 10.61
33¢ (1,160 - 1,510 ft bls) | 1,330 1,360 63.05 62.22 0.88* 55.76 0.98*
34 1,360 1,390 61.32 52.77 4.47 48.41 4.87
35 1,390 1,420 27.07 17.82 13.55 10.48 23.03
36 1,420 1,450 73.63 66.72 3.10 61.23 3.38
37 1,450 1,480 50.55 41.80 5.57 33.91 6.86
38 1,480 1,510 19.74 10.28 23.48 3.60 67.05
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Table 6. Continued.

Test Interval Based on Manual Measurements B?)Srzclljg%gtz D
Packer | Hydrostratigraphic
Test # Unit Top Bottom Raw Corrected K Drawdown K
Depth Depth | Drawdown |Drawdown (f/day) (ft) (f/day)
(ft bls) (ft bls) (ft) (ft)
394 1,510 1,540 82.80 79.93 1.42% 79.63 1.43*
40%° 1,540 1,570 2.00 4.02 34.45* 2.73 50.63*
41ee 1,570 1,600 2.00 9.06 20.84* 3.19 59.29*
42¢ 1,600 1,630 104.49 93.35 2.14* 75.03 2.66*
434 1,630 1,660 107.20 104.94 1.04* 104.48 1.05*
44 GLATUClou 1,660 1,690 67.36 60.59 3.31 58.20 3.45
45 (1510 - 1,90($ft bls) 1,690 1,720 52.80 44.15 5.08 43.28 5.18
46 1,720 1,750 66.92 60.61 3.12 50.04 3.78
47 1,750 1,780 36.15 26.04 9.30 17.87 13.55
48b¢ 1,780 1,810 128.38 126.95 0.56* 85.33 0.83*
495f 1,810 1,840 58.17 51.14 3.42% -- --
50¢ 1,840 1,870 87.12 84.64 1.12% 82.51 1.15%
51 1,870 1,900 59.47 50.45 4.52 45.08 5.05*
528f 1,900 1,930 20.28 9.81 25.12 1.10 --
S P OI(;liAz'ggza}ﬁ iy 1930 | 1960 | 59.19 2970 | 474 ~ ~
5431 ’ ’ 1,960 1,990 17.47 6.48 38.25 0.04 --
55° 1,990 2,020 19.82 9.13 26.87 -- --

-- =no calculation due to equipment issues; APPZ = Avon Park permeable zone; CTD = conductivity, temperature, and depth;
ft = feet; ft bls = feet below land surface; GLAUClpu = low-permeability glauconitic marker unit; K = hydraulic conductivity;
LFA-basal = basal permeable zone of the Lower Floridan aquifer; MCU_I = middle confining unit I; MCU_II = middle confining
unit II.

Drawdown calculated from CTD data was within the propagated margin of error (£0.67 ft).

Packer leaking or other hydraulic issue.

Pumping rate was too high for open interval; water level dropped to a point where pump had to be shut off.

Water level meter likely malfunctioning.

Recovery water levels had not stabilized.

CTD probe issues.

Values are not reliable.

¥ ™ 0 o o o ®
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Figure 20. Packer test hydraulic conductivities calculated using head loss corrected manual
measurements at OSF-108R.

WATER QUALITY AND INORGANIC CHEMISTRY
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Of the 55 packer tests attempted during the coring of the OSF-108R corehole, 2 packer tests (tests 1 and 2)
had turbidity too high to collect a water quality sample, and 18 packer tests (tests 18 through 26, 33, 39
through 43, and 48 through 50) yielded insufficient groundwater volumes for water quality sampling. This
was primarily due to the low transmissivity of those intervals that caused rapid water level drawdown to
the depth of the pump, forcing the drill crew to shut off the pump. A total of 35 packer test water quality
samples were collected.
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Field parameters (i.e., temperature, pH, and specific conductance) were measured using a calibrated Yellow
Springs Instruments (YSI) EXO multiparameter sonde prior to collecting groundwater samples from each
packer test interval. Each sample was collected by a District hydrogeologist in accordance with the project’s
Water Quality Monitoring Plan (SFWMD 2019). The groundwater samples were analyzed for major cations
and anions, TDS, and total strontium by the District laboratory in West Palm Beach, Florida.

Additionally, groundwater samples were collected during packer testing for analyses of the stable isotopes
of oxygen and hydrogen (**0 and ?H) by the University of Arizona’s Environmental Isotope Laboratory in
Tucson, Arizona. The stable isotope analysis sample collected during packer test 44 (1,660 to 1,690 ft bls)
was lost during or after sample shipment, so no results are presented for this sample. Complete water quality
results from the testing program are available for download from the District’s corporate environmental
database, DBHYDRO Insights (https://apps.sfwmd.gov/dbhydrolnsights/). Major ion chemistry and field
parameters are provided in Table 7. A complete tabulation of all groundwater analytical results, including
major ion chemistry, water quality field parameters, and charge balance errors (CBEs), is presented in
Appendix G.

The United States Environmental Protection Agency (USEPA) has established National Secondary
Drinking Water Regulations that set nonmandatory water quality standards for 15 contaminants. The
USEPA does not enforce these “secondary maximum contaminant levels” (SMCLs). They were established
as guidelines to assist public water systems in managing their drinking water for aesthetic considerations,
such as taste, color, and odor. These contaminants are not considered to present a risk to human health at
the SMCL (USEPA 2024). The SMCL for TDS is 500 mg/L. Eleven of the groundwater samples collected
exceeded the TDS SMCL, and nine groundwater samples exceeded the sulfate SMCL (250 mg/L) in
(Table 7). Although the purpose of this study was to aid in hydrogeologic interpretation rather than
economic feasibility, water quality results with parameter concentrations exceeding the secondary drinking
water standards are shown in bold in Table 7.
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Table 7.

Major ion analytical results, total dissolved solids, and field parameters for OSF-108R packer test groundwater samples.

Sample el | Eperesi it Anions (mg/L) Cations (mg/L) sz Specific TDS
Depth, | pegt u Unit cl | HCO; | SO, | Na | M C k | 57| PH | ey | Cond g
ft bls 3 4 g a (uS/cm)
430-460 3 18 | 9876 | 102 | 96 | 95 | 304 | <1 <1 8.1 | 254 | 273 150
460-490 4 22 [ 23287 | <1 | 222 | 156 | 545 | 16 | 159 | 75 | 252 | 431 244
490-520 5 23 | 24628 | <1 | 227 | 141 | 529 | 17 | 168 | 75 | 253 438 261
520-550 6 22 | 24140 | <1 | 212 | 146 | 573 | 18 <1 75 | 255 449 252
550-580 7 23 | 24750 | <1 21 12 | 548 | 19 <1 75 | 257 | 453 258
580-610 8 APPZ 22 | 24506 | <1 | 203 | 14 | 597 | 19 | 110 | 75 | 258 | 467 262
(230-760 ft bls)
610-640 9 23 [ 24750 | <1 | 202 | 123 | 583 | 1.8 | 147 | 74 | 259 | 448 270
640-670 10 28 | 24872 | 322 ] 219 | 163 | 603 | 1.8 | 1007 | 74 | 257 531 318
670-700 11 28 | 24628 | 61,7 | 224 | 182 | 659 | 19 | 1409 | 74 | 259 583 354
700-730 12 29 | 23653 | 182 | 204 | 286 | 109 2 2506 | 73 | 26.1 800 524
730-760 13 30 | 22677 | 351 | 198 | 339 | 151 | 22 | 2996 | 73 | 262 | 1,048 782
760-790 14 27 | 217.02 | 956 | 169 | 69.6 | 327 | 2.7 | 2151 | 7.1 | 264 | 1,873 | 1,663
790-820 15 MCU I 25 [ 217.02 1,535 ] 162 | 107 | s16 | 3.1 | 1390 | 7 26.1 | 2,548 | 2,423
820-850 16 (760-948 ft bls) 24 | 21336 [ 1,711 ] 162 | 117 | 567.0 | 3.1 | 12.55 7 265 | 2,802 | 2,702
850-880 17 23 [ 20849 [ 1,837 ] 151 | 123 | 615 | 34 | 1242 | 69 27 2,815 | 2,854
1,150-1,180 | 27 12 16947 | 341 | 87 | 333 | 135 | 1.7 | 312 | 75 | 271 882 651
1,180-1210 | 28 23 | 204.83 [ 1,043 | 146 | 716 | 365 | 24 | 1590 | 73 | 267 | 1,895 | 1,726
1,210-1240 | 29 14 | 18532 | 463 | 95 40 172 | 18 | 643 | 74 | 267 | 1,131 866
1,240-1270 | 30 27 | 22312| 961 | 165 | 69.8 | 330 | 26 | 2083 | 72 | 263 | 1,851 | 1,624
1,270-1,300 | 31 11 | 16459 | 243 | 87 | 291 | 133 | 1.7 | 267 | 74 | 268 753 510
1,300-1,330 | 32 LFA-upper 11 [ 16825 231 | 89 | 314 | 976 | 1.7 | 263 | 74 | 269 731 493
(1,160-1,510 ft bls)
1,360-1,390 | 34 12 16094 | 212 | 95 | 369 | 798 | 16 | 246 | 75 27 701 485
1,390-1,420 | 35 11 [ 17191 | 157 | 83 | 311 | 81 16 | 217 | 76 | 272 586 400
1,420-1,450 | 36 96 | 16703 | 122 | 72 | 213 | 688 | 14 | 196 | 75 | 273 540 350
1,450-1,480 | 37 96 | 16825 | 148 | 72 | 236 | 755 | 1.5 | 208 | 75 | 271 578 385
1,480-1,510 | 38 94 | 16459 | 196 | 73 | 274 | 929 | 16 | 198 | 76 | 27.1 684 470
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Table 7. Continued.

RS Packer | Hydrostratigraphic Anions (mg/L) Cations (mg/L) Temp. ool TDS
DI | Test # Unit Cl | HCO; | SOs | Na | Mg | C k | >0 | M| co | S g
ft bls 3 8 a g a (uS/cm)
1,660-1,690 44 9.7 147.52 | 47.1 7 16.9 38.4 1.5 1.38 7.6 26.8 354 228
1,690-1,720 45 11 154.84 | 39.7 7.2 16.5 38.7 1.3 1.12 7.6 27 358 206
1,720-1,750 46 GLAUCIpu 11 158.50 | 40.5 7.1 17.9 36.9 1.4 1.06 7.7 26.8 364 216
(1,510-1,900 ft bls)

1,750-1,780 47 7.6 160.94 | 27.1 5.1 13.9 37.7 1 0.81 7.8 27.2 336 196
1,870-1,900 51 9.3 165.81 | 66.1 6.2 31.1 128 1.2 1.07 7.8 27 412 245
1,900-1,930 52 8.2 158.50 | 37.5 5.4 134 | 45.6 0.9 0.68 7.8 27.5 360 210
1,930-1,960 53 LFA-basal 8.2 158.50 | 32.9 5.6 14 43.3 1.1 0.74 7.8 26.8 348 200
1,960-1,990 54 (1,900 -2,020 ft bls) | 8.8 158.50 | 43.2 5.9 14 44.6 0.8 0.80 7.8 27.3 369 218
1,990-2,020 55 8.5 157.28 | 41.8 5.9 142 | 45.8 0.8 0.78 7.8 27.4 374 222

°C = degrees Celsius; uS/cm = microsiemens per centimeter; APPZ = Avon Park permeable zone; Ca = calcium; Cl = chloride; ft bls = feet below land surface;

GLAUCIpu = low-permeability glauconitic marker unit; HCO3 = bicarbonate; K= potassium; LFA-basal = basal permeable zone of the Lower Floridan aquifer;

LFA-upper = upper permeable zone of the Lower Floridan aquifer; MCU_I = middle confining unit I; Mg = magnesium; mg/L = milligrams per liter; Na = sodium; SO4 = sulfate;
Specific Cond. = specific conductance; Sr = strontium; Temp. = temperature; TDS = total dissolved solids.

Bolded results exceeded the USEPA SMCL for sulfate (250 mg/L).

* Most strontium concentrations exceeded the USEPA’s 2014 proposed health reference level for strontium (1.5 mg/L).

On June 15, 2022, water quality samples were collected from the completed, open interval of OSF-108R. The major ion analytical results, TDS, and
field parameters for the groundwater sample collected from the completed well are provided in Table 8. These water quality analytical results are
similar to the water quality results from the packer tests completed across the same depth interval (tests 1 through 8).

Table 8.  Major ion analytical results, total dissolved solids, and field parameters for completed well OSF-108R.

Sample Hydrostratigraphic Anions (mg/L) Cations (mg/L) Tem Specific TDS

Depth, Well Unit Sr pH ©C) Cond. (L)
ft blS Cl HCO3 SO4 Na Mg Ca K (MS/Cm) g

370-600 | OSF-108R APPZ 26 | 214.58 | 30.7 | 20 14.5 | 54.1 1.8 7.52 7.5 25.1 477 284

°C = degrees Celsius; 1S/cm = microsiemens per centimeter; APPZ = Avon Park permeable zone; Ca = calcium; Cl = chloride; ft bls = feet below land surface;
HCOs = bicarbonate; K= potassium; Mg = magnesium; mg/L = milligrams per liter; Na = sodium; SO4 = sulfate; Specific Cond. = specific conductance; Sr = strontium,;
Temp. = temperature; TDS = total dissolved solids.
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CBE analysis is a method for determining the reliability of test results for major cations and anions. For an
aqueous solution to be electrically neutral, the sum of the positive cations must equal the sum of the negative
anions. The percent difference between the two totals provides an indication of potential laboratory error.
The CBE for each water quality sample is included in Appendix G. While a CBE of less than 5% is
desirable, a value of less than 10% is generally acceptable due to different variables associated with sample
collection, preservation, and analysis. Marginally high CBEs were identified for the samples collected from
packer test 3 (8.31%), 4 (6.50%), and 31 (8.09%). The sample test results from packer test 51 indicated
significantly higher calcium and magnesium concentrations than the adjacent tests without a corresponding
increase in anions resulting in a CBE of 36.09%. This high CBE could be a result of the preservative used
in the sample collection process. The bottles used to collect samples for cations are field preserved using
nitric acid until each sample reaches a pH less than 2. This low pH prevents precipitation but may also
dissolve suspended formation particulate matter in the sample. The turbidity prior to collecting the water
samples for packer test 51 was 39.3 USEPA’s 2014 proposed health reference level for strontium
nephelometric turbidity units (NTUs), which is higher than the Florida Department of Environmental
Protection groundwater sampling protocol of 20 NTU. The elevated turbidity in this sample may be due to
very fine suspended formation particulates.

A profile of groundwater quality with depth is depicted in Figure 21 along with the Frazee water types,
hydrostratigraphic units, and packer test intervals. Colored bars show packer test hydraulic conductivities.
Colored, numbered boxes give the packer test number and color of where the groundwater sample plots in
Figure 22, and a column of the Frazee water types shown on Figure 22. Water quality data and hydraulic
conductivity bars are plotted at the midpoint depth of each packer test.
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Figure 21. Groundwater quality profile from OSF-108R packer testing groundwater samples.
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From 430 to 700 ft bls, within the APPZ and APhpz-2, the formation yielded fresh water with TDS
concentrations that ranged from 150 to 354 mg/L. Bicarbonate was the dominant anion and calcium was
the dominant cation. Although strontium levels marginally exceeded the USEPA’s proposed health
reference level of 1.5 mg/L between the depths of 460 and 520 ft bls, the results were low (0.2 to 1.7 mg/L)
to a depth of 640 ft bls. Strontium levels then displayed a sharp increase in concentrations that peaked at a
concentration of 30 mg/L at 745 ft bls, before decreasing.

Starting at a depth of approximately 730 ft bls, there was a shift in the ionic profiles characterized by an
increase in TDS, sulfate, calcium, and magnesium and a decrease in bicarbonate, chloride, and sodium.
From 730 to 880 ft bls, sulfate was the dominant anion, and calcium remained the dominant cation. Sulfate
and TDS concentrations exceeded the SMCL through this interval. A lack of formation production during
the packer tests conducted from 880 to 1,150 ft bls prevented the collection of representative groundwater
samples through this interval.

From 1,150 to 1,300 ft bls, within the bottom of MCU_II and through the upper half of the LFA-upper, all
of the ionic profiles, along with strontium, temperature, pH, and specific conductance profiles fluctuated.
TDS values increased from 651 mg/L for the sample collected during packer test 27 (1,150 to 1,180 ft bls)
to 1,726 mg/L for the sample collected during packer test 28 (1,180 to 1,210 ft bls). Although the water
quality results fluctuated through this interval, sulfate remained the dominant anion, and calcium remained
the dominant cation. This interval overlaps with the LFA-upper flow zone LF1. The remaining samples
collected in the lower part of the LEA-upper, including the flow zones LF2 and LF3, showed less variation
in concentrations than the set of samples collected in the top half of the LFA-upper and discussed earlier in
this paragraph. The water quality data indicate that flow zone LF1 is relatively hydraulically isolated from
LF2 and LF3, which likely caused the differences in water quality between LF1 and LF2/LF3. If flow
existed between the zones, the water quality would be expected to be more similar between these three
zones.

Between 1,360 and 2,020 ft bls, the groundwater samples are classified as fresh water with TDS less than
485 mg/L. Although calcium remained the dominant cation through this interval, the dominant anion
changed from sulfate to bicarbonate somewhere between 1,510 and 1,660 ft bls. Because low-transmissivity
rock prevented the collection of packer test groundwater samples from 1,510 to 1,660 ft bls, the exact depth
of the transition in the dominant anion within this interval is unknown. Strontium levels steadily decreased
from 2.5 mg/L during packer test 34 (1,150 to 1,180 ft bls) to 0.7 mg/L during packer test 55 (1,990 to
2,020 ft bls).

Frazee Water Types

A wide range of ions and elements can become dissolved in groundwater as a result of interaction with the
atmosphere, soil, and rock over time and distance. Waters with very similar chemical composition are
assumed to have similar histories, so diagnostic ion chemistry (i.e., hydrochemical facies) of a sample can
identify its relative age, flow path, and the interactions it has had with the rocks making up the aquifer. At
a single location, differences in hydrochemical facies between samples collected from different depths can
be an indication of vertical hydraulic separation. Numerous hydrochemical facies classification schemes
have been developed. The samples collected during packer testing in the OSF-108R pilot hole were
evaluated using the geochemical pattern analysis method developed for the FAS by Frazee (1982). This
method relates a groundwater sample’s chemistry to recharge source, residence time, and saltwater
intrusion. The Frazee water types are defined in Table 9. Figure 22 presents a Piper diagram of the
OSF-108R packer test samples with the Frazee water types overlain on the diagram. A color bar illustrating
the Frazee water types with depth is provided in Figure 21.
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Table 9.  Frazee (1982) water types.

Abbreviation Description Characteristics
FW-I Fresh Recharge Water Type I Rapid infiltration through sands, high calcium bicarbonate
(CaHCO:y).
Infiltration through sands and clay lenses, CaHCO3 with sodium
FW-II Fresh Recharge Water Type I | (Na), sulfate (SO4), and chloride (Cl).
Marginal type I waters are beginning to transition toward FW-IV.
FW-III Fresh Recharge Water Type IIT Infiltration through clay-silt estuarine depositional environment,
high sodium bicarbonate (NaHCO3).
. Fresh water, low calcium (Ca), magnesium (Mg), SO4, and CI.
FW-Iv Fresh Formation Water Type IV Vertical infiltration insign(iﬁc;nt. glder fOI‘H(l o%)FW—II or FW-III.
Seawater begins to dominate source water; Cl begins to dominate
TW-I Transitional Water Type [ bicarbonate (HCO3) with increasing sodium chloride (NaCl)
percentage.
TW-IT Transitional Water Type II Tr.ar'lsitional we'lter.with source water still dominant, HCO3;— SOg4
mixing zone with increasing Cl.
TCW Transitional Connate Water Connate .wa'ter dominates source water; SO4 begins to dominate
HCOs3 with increasing Cl.
TRSW Transitional Seawater Transitional water with seawater dominating source water.
Highly mineralized fresh water with high total dissolved solids
CW Connate Water and calcium sulfate (CaSO4) dominance. Presence of highly
soluble minerals; hydrogen sulfide (H,S) gas prevalent.
RSW* Relict Seawater Unflushed seawater with NaCl.

* Strongly NaCl-dominant waters may plot in this category even if the overall salinity is substantially less than seawater.

The continuous/gradational color scheme shown in the Piper diagram (Figure 22) allows for easy
visualization of gradual changes in groundwater chemical composition with depth. This gradation is missed
with the uncolored Piper diagram with the overlain Frazee water types, especially for Frazee water types
that cover a large area on the central diamond of the Piper diagram. Frazee water types are useful for
grouping samples that came from common source waters and underwent similar histories. The color
gradient Piper diagram was developed using the diagrams and Python code of Peeters (2014) and
Yang et al. (2022).

The ionic compositions of the packer test water samples collected from OSF-108R were categorized mostly
as Fresh Recharge Water Types II and IV (FW-II and FW-IV) using the Frazee water type classification
(Figure 22). When plotted with depth (Figure 21), the results display a rebounding trend from FW-II to
FW-IV then back to FW-IL

The upper and middle portions of the APPZ are categorized as Fresh Recharge Water Type II. The
freshwater types I and II are differentiated based on the relative rate of infiltration, with type II indicative
of infiltration through sands and clay lenses. Toward the lower portion of the APPZ, the groundwater shifts
to Transitional Water Type I (TW-I) marginal fresh water. At the bottom of the APPZ, the groundwater
samples are characterized as Fresh Formation Water Type IV (FW-IV), which is characterized by
insignificant vertical infiltration with the primary driver for chemical composition being mineral
dissolution. FW-IV is also described as an older form of FW-II or FW-III (Table 9). All the packer test
samples collected through the MCU and LFA-upper and the majority of GLAUCIpu samples are
categorized as FW-1V, while the APPZ samples are either FW-II or TW-1. While the Frazee water type
FW-1V is described as being characterized by low concentrations of calcium (Ca), magnesium (Mg), sulfate
(SO4), and chloride (Cl), the groundwater samples from the MCU and LFA-upper are characterized by high
concentrations of calcium and sulfate.
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Although samples were not collected from many of the GLAUCIpu packer tests, the samples that were
collected from this unit show groundwater returning to the FW-II Frazee water type at the base of the
GLAUCIpu and hovering between FW-II and FW-IV through the LFA-basal.
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LFA-upper
GLAUCIpu
LFA-basal
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Figure 22. Piper diagram showing the variability in major ion compositions for packer test groundwater
samples collected from the OSF-108R corehole, characterized by hydrostratigraphic unit.
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Sulfate in Carbonate Systems

Sulfate in carbonate systems forms either from the dissolution of evaporite minerals, predominantly
anhydrite (CaSO4) or gypsum (CaSO4H.0), or by carbonate neutralization of acidic waters

(Hounslow 1995). Given that assumption, Hounslow (1995) offered the following rule-of-thumb indicators
for source rocks for sulfate in groundwater:

Ca* =S0s* = source rock likely evaporite minerals
Ca*>S0s* = calcium input from some source other than evaporites (e.g., limestone or dolostone)
Ca’* <SOs* = pyrite oxidation or calcium removal by precipitation

It has been noted in several recent exploratory wells in the region, however, that the evaporite celestine
(SrS0s) is a more common component in the FAS than previously thought. If the only evaporites present
are gypsum and anhydrite, then only calcium and sulfate need to be considered. Revising the Hounslow
(1995) rule-of-thumb to include the consideration of strontium, the comparison of (Ca*" + Sr**) versus SO4*
yields a more accurate result. Using this comparison, (Ca?" + Sr?") is significantly higher than SO4* from
the packer test groundwater samples collected above 640 ft bls. Below 640 ft bls, (Ca®>" + Sr*") is mostly
equivalent to SO4*, indicating that evaporite mineral dissolution is the primary sulfate source. The ionic
ratios for sulfate source rock evaluation are shown in Figure 23.
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Figure 23. Ionic ratios for sulfate source rock evaluation at OSF-108R.

The saturation indices for the carbonate minerals calcite, aragonite, dolomite, and strontianite and the
evaporite minerals anhydrite, gypsum, and celestite were calculated using PHREEQC, Version 3 (Parkhurst
and Appelo 2013). The saturation index (SI) is the log of the ratio of ion activity product (IAP) and the
solubility product constant (Ksp):

SI = log (ﬁ) Equation (10)

Where:

SI = saturation index (unitless)
IAP = ion activity product (unitless)
Ksp = solubility product constant (unitless)
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IAP is calculated using the ionic concentrations of groundwater samples corrected for field temperature and
the ionic strength of the solution (Parkhurst and Appelo 1999). K, is a constant based on thermodynamics
for the dissolved mineral at equilibrium from reported laboratory measurements. Reported K, assumes a
temperature of 25°C, so a correction was later applied to account for the field-measured groundwater
temperatures (Table 7). The Sl is a quantitative measure of the degree of saturation with respect to a specific
mineral:

SI < 0 =» Undersaturated (more mineral can be dissolved into solution)
SI=0 =» Sample is at Equilibrium with the mineral
SI> 0 =» Supersaturated (mineral has potential to precipitate out of solution)

Figure 24 shows the saturation indices for dolomite, strontianite, calcite, aragonite, celestine, gypsum, and
anhydrite for groundwater samples collected during each packer test, listed from least soluble (on the left
side of the diagram) to most soluble (on the right side of the diagram), relative to depth. Blue bars represent
packer test groundwater samples that are undersaturated for a particular mineral, and the red bars represent
packer test groundwater samples that are supersaturated.

Calcite and its polymorph, aragonite, are close to chemical equilibrium (within +/- 0.5 SI) across the entire
explored depth. Dolomite exhibits a similar pattern but is slightly more saturated within the bottom of the
GLAUCIpu and the LFA-basal. Strontianite is significantly more undersaturated than the other carbonate
minerals throughout the depth profile. All the evaporite minerals are undersaturated across the entire
explored depth except for celestine, which exhibits oversaturated intervals that are close to equilibrium
within the MCU and the upper portion of the LFA-upper. The evaporite minerals are significantly
undersaturated within the APPZ. Through the base of the APPZ and MCU I, the evaporite minerals get
progressively closer toward reaching equilibrium. In the intervals where the evaporite minerals were
present, no water quality samples could be collected because the transmissivity was too low to provide
sufficient water for sampling.
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Figure 24. Calculated saturation indices (unitless) using PHREEQC for primary carbonate and sulfate
minerals at OSF-108R.
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STABLE ISOTOPES

Isotopes are atoms of the same element that have the same numbers of protons and electrons but different
numbers of neutrons. The difference in the number of neutrons between the various isotopes of an element
means that the various isotopes have similar charges but different masses. The stable isotopic compositions
of low-mass (light) elements such as oxygen, hydrogen, carbon, nitrogen, and sulfur are normally reported
as “delta” (&) values in parts per thousand (denoted as %o) enrichments or depletions relative to a standard
of known composition. The symbol %o is spelled out in several different ways: permil, per mil, per mill, or
per mille. The term “per mill” is the International Organization for Standardization term but is not yet
widely used (Kendall and Caldwell 1998).

6 values (in %o) are calculated by:
6 = (Rsampie/Ritandara - 1)1,000 Equation (11)

where “R” is the ratio of the heavy to light isotope in the sample or standard. A positive § value means that
the sample contains more of the heavy isotope than the standard; a negative § value means that the sample
contains less of the heavy isotope than the standard (Kendall and Caldwell 1998). Various isotope standards
are used for reporting isotopic compositions; the compositions of each of the standards have been defined
as 0%o. Stable oxygen and hydrogen isotopic ratios are normally reported relative to the SMOW standard,
“standard mean ocean water,” (Craig 1961) or the virtually equivalent VSMOW (Vienna-SMOW) standard
(Kendall and Caldwell 1998). There are several commonly used ways for making comparisons
between & values. According to Kendall and Caldwell (1998), the three ways shown below are preferred:

e higher versus lower values
o heavier versus lighter (the “heavier” material is the one with the higher value)
e more/less positive versus more/less negative (e.g., -10%o is more positive than -20%o)

Two stable isotopes of hydrogen ('H and 2H) and three stable isotopes of oxygen ('O, 170, and '*0) are
naturally occurring in water. Of these five stable isotopes, 'H, ?H, °O, and '"*O are abundant in nature and
can be easily measured in a laboratory using mass spectrometry.

“The main processes that dictate the oxygen and hydrogen isotopic compositions of waters in a catchment
are: (1) phase changes that affect the water above or near the ground surface (evaporation, condensation,
melting), and (2) simple mixing at or below the ground surface” (Kendall and Caldwell 1998).

During phase changes, the ratio of heavy to light isotopes in the molecules in the two phases changes.
During evaporation, the heavier isotopes (**0 and 2H) are preferentially left behind and the lighter isotopes
are concentrated in the water vapor. As water vapor condenses, the heavier water isotopes (**O and *H)
become enriched in the liquid phase, while the lighter isotopes ('*0 and 'H) concentrate in the vapor phase
(Kendall and Caldwell 1998). This is because the atomic bonds between the heavier isotopes (such as '20)
are stronger than the atomic bonds between lighter isotopes (such as '°0), allowing the lighter isotopes to
be preferentially evaporated over the heavier isotopes due to the lower amount of energy required to break
those atomic bonds (Diamond 2022).

Stable isotope data from precipitation samples fall on a line referred to as a meteoric water line. This line
is usually plotted with data from local, regional, or global precipitation samples, but can also include surface
and groundwater samples (Diamond 2022). When the isotopic compositions of precipitation samples from
all over the world are plotted relative to each other on & '*0versus & 2H plots, the data form a linear band
that can be described by the below equation (Craig 1961) which is commonly referred to as the Global
Meteoric Water Line (GMWL):
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‘H=8 80+ 10 Equation (12)

When relatively more of the heavy isotope (e.g., '®0) is present in the sample than the SMOW or VSMOW
standard, then the § value will be greater than zero, whereas samples relatively depleted in the heavy isotope
will have negative § values (Diamond 2022). The 6 '30 and & ?H values of the standard are equal to 0.

For this project, groundwater samples collected during the packer tests were submitted to the University of
Arizona’s Environmental Isotope Laboratory in Tucson, Arizona for analyses of stable isotopes of oxygen
and hydrogen ("0 and ?H). The results of these analyses (Appendix G) helped characterize the evaporative
history of and possible mixing relationships between the source waters comprising the various FAS
hydrostratigraphic units.

All but one of the Oak Island packer test groundwater samples plots below the GMWL, and all of the
samples are depleted relative to VSMOW (Figure 25). Two of the APPZ samples lie on the GMWL, and
two APPZ samples plot slightly above the GMWL. The APPZ sample collected during packer test 3 (from
430 to 460 ft bls, just below the base of APhpz-1) is not plotted in Figure 25 because it was significantly
more depleted relative to VSMOW than all the other samples, with isotopic values of -3.6 %o for & %0, and
-17.1 %o for § *H (Appendix G). No abnormalities were noted during the collection of this sample. In a
USGS study that estimated groundwater inflow to Central Florida lakes using an isotope mass-balance
approach, samples of precipitation were collected at Lake Starr, located in Polk County roughly 25 miles
north of the Oak Island site (Sacks 2002). The volume-weighted-mean stable isotope values for samples
collected for that investigation between January 1999 and January 2000 resulted in & 130 of -3.78 %o and
8°H of -17.9 %o, which are quite close to the results from packer test 3 at OSF-108R.

Samples that plot relatively farther away from the GMWL may have experienced more evaporation prior
to infiltration than those data that plot closer to the GMWL. This is because during evaporation, the heavier
isotopes are preferentially left behind, and the lighter isotopes are concentrated in the water vapor. At the
Oak Island site, samples from the LFA-upper, LFA-basal, and the GLAUClpu plot farthest away from the
GMWL (Figure 25).

The samples from the GLAUCIpu and the LFA-basal (and one sample from the APPZ) are most depleted
in 6 °H, and plot in a group that is separate from the rest of the data (Figure 25). The APPZ samples are the
most depleted in & '*0O. All but two of the LFA-upper samples plot in a second group, which is the least
depleted relative to VSMOW. The two LFA-upper samples that are most depleted in § '*O relative to the
remaining APPZ samples plot among the MCU_I and APPZ samples. These two LFA-upper samples were
collected near the top of the LFA-upper and may perhaps represent groundwater mixing between the
LFA-upper and these two younger units. The remaining APPZ samples plot in a third group that is roughly
parallel to and slightly depleted compared to the GMWL.

The range of stable water isotope ratios in the groundwater samples from the Oak Island site are as follows:
& 0 ranged from -3.6 to -0.8 %o, and & °H ranged from -17.1 to -3.9 %o. The stable water isotope results
mostly clustered by hydrogeologic unit, indicating that the climatic conditions during recharge to each
hydrostratigraphic unit were not identical.

Figure 25 shows that & '80 and § ?H become increasingly positive in the MCU_I and LFA-upper samples
and are more enriched than the GLAUCIpu and LFA-basal samples, possibly indicating that the MCU 1
and LFA-upper samples underwent more evaporation than the water in the GLAUClpu and LFA-basal. The
MCU I, LFA-upper, and some of the APPZ samples appear to fall along one evaporative trend line, while
the GLAUCIpu and LFA-basal samples may fall along another evaporative trend line characterized by
relatively more depleted & 2H concentrations.
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Figure 25. Stable isotopic ratios of 2H and 'O for OSF-108R packer test groundwater samples.

GEOPHYSICAL AND OPTICAL BOREHOLE IMAGING LOGGING

During the drilling of the OSF-108R, geophysical logging was completed by RMBaker, LLC and ABS,
Inc. to provide a continuous record of the geophysical properties of the borehole rock and groundwater with
depth. These data were used for casing seat depth selection, identification of potential production and
confining zones, and identification and characterization of hydrostratigraphic units.

OBI logging was completed by the USGS. The OBI logs are a visual record that clearly shows the structural
characteristics of the rock exposed along the borehole walls and were used in conjunction with lithologic
data and geophysical log data to help determine hydrostratigraphic unit boundaries. These images can be
used to provide information on the porosity, flow zones, confining zones, and structure that may not be as
evident in the recovered core.

Table 10 summarizes the geophysical logs, OBI logs, and downhole video surveys collected during this

investigation. The geophysical logs are provided in Appendix D, and the OBI log is provided in
Appendix E. Figure 26 presents key geophysical logs collected during this investigation.
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Table 10. Geophysical logging inventory for the Oak Island site investigation.

OSF-108 OSF-108R
Date Jan 2, Mar 4, Apr 8, Jul 9, Aug 30, | Aug31, | Sep 8 and Sep | Sep 28,
2020 2021 2021 2021 2021 2021 14, 2021 2021
Run 1 2 3 4
Logging ABS and
RMBaker [RMBaker| USGS |RMBaker [RMBaker| USGS RMBaker
Company RMBaker
Borehole
Diameter (inches) 18 L . “ 9 e 9 e
E‘f?lgf:)d Interval 165 150 | 65-366 | 343-730 |730-2,022| 0-2,020 | 0-2,020 | 730-2,020 | 340-713
Caliper X X X X X
Natural Gamma X X X X X
Slng.le'-P.mnt X X X X X
Resistivity
Normal
Resistivity X X X X
Dual Induction/
Spontaneous X X X X
Potential
Sonic Porosity X X X
Flowmeter X X X X
Temperature X X X X X
Fluid Resistivity X X X X
Downhole Video X
Optlc.al Borehole X X
Imaging

ft bls = feet below land surface; USGS = United States Geological Survey.

As previously discussed, OSF-108R was constructed by deepening existing well OSF-108. The existing
well OSF-108 had previously been constructed with 16-inch-diameter steel casing set to a depth of
approximately 67 ft bls and an open-hole interval extending from 67 to 150 ft bls. However, geophysical
logging performed in January of 2020, prior to the start of OSF-108R drilling, showed that the total depth
of OSF-108 was approximately 120 ft bls, indicating that about 30 ft of material had accumulated in the
borehole. Deepening of OSF-108 began by advancing a nominal 12-inch-diameter borehole to
approximately 365 ft bls. Geophysical logging run #1 (Table 10) was then performed on March 4, 2021,
followed by the installation of 8-inch-diameter steel casing to a depth of approximately 343 ft bls. Once the
8-inch-diameter steel casing was installed and exploratory coring was performed, a nominal 8-inch borehole
was advanced to approximately 730 ft bls, and the USGS performed OBI logging from 343 to 730 ft bls on
April 8, 2021. Exploratory coring was then resumed to a total depth of 2,022 ft bls, and geophysical logging
run #2 was performed in the 4-inch corehole on July 9, 2021. The corehole was then reamed to 2,022 ft bls
using a nominal 6-inch-diameter drill bit, and another OBI log was completed along with a borehole video
survey and geophysical logging run #3. The 6-inch-diameter corehole was then backfilled with a cement
slurry, with gravel placed through washed-out intervals, to a depth of 723 ft bls. The final open-hole interval
was then geophysically logged (run #4) on September 28, 2021, from 343 to approximately 715 ft bls.
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Figure 26. Geophysical logs, packer test hydraulic conductivities, groundwater ionic trends, and hydrostratigraphic units in the OSF-108/108R corehole at the Oak Island site.
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The geophysical logs revealed little variation between the UFA-upper (70 to 185 ft bls) and the OCAPIpz
(185 to 320 ft bls). The interval from 67 to 150 ft bls is the original open-hole interval for OSF-108. Except
for elevated gamma ray activity from 65 to 68 ft bls (75 cps) and 155 to 165 ft bls (105 cps), the gamma
log recorded low readings through the upper portion of the UFA and the OCAPIpz, rarely deviating from
about 10 to 20 cps. From 70 to 130 ft bls, the caliper log recorded borehole diameters that varied between
13 and 29 inches, indicative of relatively soft or friable rock. Dual induction and resistivity logs recorded
fairly consistent readings with the long-normal resistivity ranging from about 200 to 300 ohm-meter
(ohm-m) and the deep induction resistivity ranging from 90-130 ohm-m. A steady decrease in spontaneous
potential from 200 to 150 millivolts was recorded through this interval.

The water quality logs shown in Figure 26 were performed under static conditions. The water quality log
recorded static specific conductance with slightly elevated readings (300 uS/cm) just below the base of the
16-inch-diameter steel casing at 67 ft bls that decreased to 270 puS/cm at 110 ft bls. This change in water
quality is associated with fluctuations in the sonic porosity log from 100 to 110 ft bls and a spike in the
static differential temperature readings at 110 ft bls, indicating a potential water producing zone at this
depth. From 650 to 713 ft bls, there was an increasing trend in the static specific conductance from 540 to
710 uS/cm. In the logging run from 730 to 2,020 ft bls, an increase in static specific conductance of about
700 uS/cm to 1,735 uS/cm was recorded from the base of the casing at 730 ft bls to a depth of 840 ft bls.
Below this interval, the static specific conductance was consistent. Static water quality logs can be
ineffective for determining all producing zones because the flow in the borehole can only come from a head
gradient between zones open to the borehole. Because a borehole will often sit open between the completion
of coring and the start of downhole flow logging, groundwater from various flow zones has time to stratify
within the borehole. Movement of geophysical tools up and down the borehole during logging can disturb
this stratified water column. With these caveats, the static water quality logs are limited in their ability to
identifying flow zones that only flow under static conditions.

The transition from the OCAPIlpz to the APPZ at 320 ft bls was identified based on an increase in the
long-normal resistivity and the deep induction resistivity readings. A deflection in the static specific
conductance log and a sharp increase in the borehole diameter from 14 inches to 20 inches was also recorded
at the contact between these two units. Below this isolated peak in the caliper log, the borehole diameter
decreased and remained smaller than 13 inches for the remainder of the corehole, except for minor hole
enlargements at depths of about 960 ft bls and 1,200 ft bls.

Within the APPZ, the gamma log displayed low readings ranging between about 10 to 50 cps with minimal
fluctuations. The intervals from 320 to 460 ft bls and 550 to 655 ft bls are characterized by higher
long-normal resistivity readings indicative of well indurated rock. The overall increase in variability in the
sonic log through these intervals suggests varying intervals of well indurated dolomitic limestone and
fractured dolostone.

The caliper log recorded a gauge borehole through both MCU I and MCU _II (from 760 to 1,160 ft bls),
indicating well indurated material. The only increase in borehole diameter was recorded at the top of
MCU _II between 948 and 955 ft bls, suggesting softer rock in this interval.

From 760 to 940 ft bls, resistivity was fairly low with the long-normal resistivity steadily decreasing from
about 350 to 60 ohm-m. The upper portion of MCU_1 is characterized by rapid cycling of the dual induction
log readings (from zero to over 1,000 ohm-m) from 760 to 800 ft bls. Except for a few peaks between
depths of 800 and 948 ft bls, the dual induction log showed little variation, rarely deviating from about 20
ohm-m. The geophysical signature at the boundary between MCU I and MCU II at 948 ft bls is
characterized by a narrow peak on all the resistivity logs and is the top of a second section of rapidly cycling
dual induction log readings (from zero to over 1,000 ohm-m) over an approximately 300-ft-long section.
The lithology (Appendix F) changed from dolostone to interbedded dolostone and evaporites at 948 ft bls
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and extends to a depth of 1,159 ft bls; however, the upper section of rapid cycling dual induction readings
occurred in relatively unfractured, moderate-to-well indurated, homogeneous dolostone, indicating that the
rapid dual induction cycling pattern is independent of lithologic changes. TDS increased and became more
variable within this interval, but chloride remained at relatively low concentrations. More investigation is
needed to understand the source of this rapid cycling dual induction log pattern.

The LFA-upper at OSF-108R can be divided into several intervals based on the geophysical logs. The
interval from 1,160 to 1,250 ft bls is composed primarily of dolostone and dolomitic limestone and was
characterized by dual induction measurements that cycled rapidly between very high and low resistivity
readings. This pattern is similar to what was recorded in the lower portion of the overlying MCU 1.

The following factors indicate a change in lithology: a significant, narrow spike in the resistivity logs, a
sharp decrease in dual induction resistivity, an elimination of variability in the dual induction log
measurements, a drop in gamma ray activity, and a sharp decrease in sonic porosity at 1,250 ft bls. The
decrease in gamma ray activity remained low between 1,250 and 1,490 ft bls, indicative of a clean limestone
free of dolomite, phosphatic sands, and clay. Although the logs for runs #2 and #3 were performed under
static conditions, the geophysical signature suggests there may be a water-producing zone from 1,210 to
1,250 ft bls that is characterized by a significant increase in sonic porosity transit times. This interval of
elevated sonic porosity corresponds with relatively high hydraulic conductivity values that were calculated
from the results of packer tests 29 and 30 (Table 6).

The GLAUCIpu geophysical marker at OSF-108R is characterized by an overall increase in the gamma ray
activity, with two gamma ray peaks recorded at 1,595 and 1,620 ft bls. The dual induction log readings
through GLAUC]Ipu are consistent with only minor spikes occurring at 1,618 and 1,653 ft bls. Resistivity
readings were low in the upper portion of this zone (from 1,510 to 1,780 ft bls) with long-normal resistivity
ranging from about 140 to 300 ohm-m. There was a significant increase in resistivity at 1,780 ft bls with
variable but generally elevated readings continuing through the lower portion of the GLAUCIpu to a depth
of 1,900 ft bls.

The geophysical signature of the LFA-lower (1,900 to 2,020 ft bls) is similar to the lower portion of the
overlying GLAUCIpu. Gamma ray activity varied from about 5 cps to a maximum of 55 cps at 1,987 ft bls.
The dual induction measurements were low and consistent with only minor inflections. Resistivity readings
were elevated and highly variable through this interval, suggestive of interbedded, well indurated dolostone,
dolomitic limestone, and limestone. Elevated sonic porosity log transit times correlate with relatively
elevated packer test hydraulic conductivities (tests 52, 54, and 55, Figure 26).

The water quality and flow logs conducted during logging run #4 (340 to 713 ft bls) were performed under
static and dynamic conditions after the 8-inch-diameter steel casing had been installed to a depth of
343 ft bls. The well was pumped at 880 gpm while the flowmeter tool collected a downward, dynamic flow
log. Figure 27 shows the downhole specific conductance and caliper-adjusted flow rate for the dynamic
conditions, the hydraulic conductivities calculated from packer tests, and the hydrostratigraphy. The
interval of 343 to 446 ft bls contributed approximately 59% of the pumped flow. Within this interval are
two significant water-producing zones at 370 and 390 ft bls, characterized by an increase in the down
dynamic flow and deflections in the dynamic specific conductance toward relatively fresher, lower TDS
water. The vertical trend of flow from 446 to 575 ft bls indicated that this interval did not contribute flow
into or out of the formation rock. The interval from 575 to 648 ft bls is an interval of low flow, accounting
for 14.2% of the pumped 880 gpm. The interval from 648 to 685 ft bls produced a higher flow contribution
(26.7%) and is a more productive flow zone than the interval directly superjacent. The spike in the caliper
adjusted dynamic flow rate log at 650 ft bls could be attributed to a spike in the caliper log and void visible
in the OBI log at the same depth. The caliper log may not have adequately measured the diameter of the
void. An underestimation of the borehole cross-sectional area consequently may have resulted in an
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overestimation of the flow for the void space. The change in water quality indicates that this is a flow zone,
but the calculated flow rate for this interval may not truly be as high as calculated from the caliper log.
From 685 to 710 ft bls, the down dynamic flow rate trace is vertical, indicating another unproductive
interval.

Hydraulic Conductivity Caliper Adjusted Down Dynamic Specific Conductance
(ft/day) Dynamic Flow Rate (gpm} {USfcm)
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Figure 27. Caliper-adjusted down dynamic flow rate analysis and packer test hydraulic conductivities at
OSF-108R.
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CORE ANALYSES

Core Laboratories in Houston, Texas analyzed nine core samples using conventional plug analysis, five
samples using XRD for bulk mineralogy, two samples using XRD for clay mineralogy, and one sample
using thin-section petrography. These analyses assessed the heterogeneity and anisotropy of permeability
and the composition of various small crystals, laminations, and bulk mineralogy in selected core samples.
The conventional plug analysis determined horizontal and vertical permeability, porosity, and bulk density.
Core Laboratories reported the permeability results in millidarcys. However, for the purpose of this report,
these results have been converted to ft/day, which are the same units as the hydraulic conductivity values
reported for the packer test data analyses. The core sample inventory and performed analyses are
summarized in Table 11. The permeability data and rock classification from the petrographic analysis are
summarized in Table 12, and the XRD data are summarized in Table 13. Appendix H contains the
complete laboratory and petrographic reports.

Table 11. OSF-108R core sample inventory and laboratory core analyses.

Approximate Horizon.t al . . .
Packer | ;PP and Vertical [Thin-Section XRD with
Sample Depth oy XRD Comments
Test # Permeability | Petrography Clay
(ft bls) .
and Porosity

14 760.0 X Sample from MCU 1.
Analyzed small white crystals that

14 763.0 X showed no response to UV light.
Sample from MCU 1.

16 831.3 X Sample from MCU 1.

16 839.3 X Sample from MCU 1.

20 968.0 X X Sample from MCU II.
XRD on small white crystals

21 977.2 X X thought to be anhydrite. Sample
from MCU 1I.
XRD on small white crystals

21 998.9 X X thought to be anhydrite. Sample
from MCU 1I.

31 1,282.0 X Packstone from LFA-upper.
Analyzed dark-colored laminations.

41 1,592.7 X X Sample depth correspond§ with
gamma spike on geophysical logs.
Sample from GLAUClIpu.

43 1,641.2 X Sample from GLAUCIpu.
Analyzed what appeared to be

43 1,647.4 X blue-gray clay rip-up clasts within
GLAUCIpu.

44 1.668.5 X GLAUClpu; moderate pinpoint
porosity sample.

46 1,728.2 X GLAUClpu; low to moderate
intergranular porosity sample.

ft bls = feet below land surface; GLAUCIpu = low-permeability glauconitic marker unit; LFA-upper = upper permeable zone of
the Lower Floridan aquifer; MCU_I = middle confining unit [; MCU_II = middle confining unit II; XRD = X-ray diffraction.
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Table 12. OSF-108R permeability testing and thin section petrography results.
Dunham i Grain
O Sl Hydrostratigraphic Unit Direction | Porosity (%) | Classification Permeability (ftday) Density Da.ta
Test # Depth (ft bls) from Petrogranh = = (o) Qualifier
rom Letrography | Klinkenberg Kair g

14 760.0 MCU 1 Horizontal 22.86 - 0.08 0.08 2.84
14 760.0 MCU 1 Vertical 25.85 - 0.06 0.07 2.84
16 831.3 MCU 1 Horizontal 47.94 - - 2.70 2.84 a,b
16 831.3 MCU 1 Vertical 48.70 - - 5.90 2.84 b
20 968.0 MCU 1I Horizontal 29.08 - 0.30 0.33 2.79
20 968.0 MCU 1I Vertical 34.66 - 0.74 0.79 2.81
21 977.2 MCU 1I Horizontal 22.66 - 0.02 0.03 2.78 a
21 977.2 MCU 1I Vertical 29.41 - 0 0.01 2.77
21 998.9 MCU II Horizontal 47.88 -- 0.41 0.46 2.82
21 998.9 MCU 11 Vertical 49.20 - 0.03 0.04 2.80
31 1,282.0 LFA-upper Horizontal 29.43 -- 3.11 3.34 2.70 c
31 1,282.0 LFA-upper Vertical 29.99 - 2.73 2.90 2.70 c
41 1,592.7 GLAUClpu - - wackestone/ - - -

packstone
43 1,641.2 GLAUCIpu Horizontal 28.58 -- 0 0 2.71
43 1,641.2 GLAUClIpu Vertical 28.10 - 0 0 2.71
44 1,668.5 GLAUCIpu Horizontal 34.84 -- 9.96 10.43 2.71 c
44 1,668.5 GLAUClIpu Vertical 30.96 - 1.57 1.78 2.71 c
46 1,728.2 GLAUCIpu Horizontal 38.04 -- 0.93 0.99 2.71
46 1,728.2 GLAUClpu Vertical 37.52 - 1.23 1.32 2.70

-- = no calculation due to equipment issues; ft bls = feet below land surface; ft/day = feet per day; g/cm?® = grams per cubic centimeter; GLAUClpu = low-permeability glauconitic
marker unit; Kair = permeability to air; LFA-upper = upper permeable zone of the Lower Floridan aquifer; MCU_I = middle confining unit I; MCU_II = middle confining unit II.
a = Chipped sample. Permeability and/or porosity may be optimistic.

b = Encapsulated sample. Permeability measured using steady-state method.
¢ = Vuggy sample.
Lab report notes that samples with permeability greater than 0.1 millidarcy (mD) were measured using helium gas. Permeabilities less than 0.1 mD were measured using nitrogen

gas.
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Table 13. OSF-108R mineralogy determined by XRD analysis.
Whole Rock Mineralogy Gy (Phyllosilicate)
Approx. (Weight %) Mlnfzralogy
Packer Sample (Weight %)
Test # Depth Dolomite . .
(ft Els) Quartz | Gypsum | Anhydrite Felljs-par Plagioclase | Calcite | Celestine | and Irop- E?:;l Snlll;;i?:e* Hlll\fﬁgld
Dolomite
14 763.0 87.7 0.0 4.0 0.0 0.0 0.0 0.0 8.3 0.0 - --
16 839.3 0.7 0.0 0.0 0.0 0.0 0.0 31.8 67.5 0.0 - --
20 968.0 0.3 26.5 0.0 0.0 0.0 0.0 0.0 73.2 0.0 - --
21 977.2 0.4 24.5 0.0 0.0 0.0 0.0 0.0 75.2 0.0 - --
21 998.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0 99.7 0.0 - --
41 1,592.7 9.9 0.0 0.0 27.9 0.0 52.8 0.0 0.0 9.5 6.7 2.8
43 1,647.4 0.3 0.0 0.0 0.0 0.0 99.7 0.0 0.0 0.0 0.0 0.0

ft bls = feet below land surface.
* = Mixed-layer Illite/Smectite contains 60-70% smectite layers.
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As shown in Table 12, laboratory-measured porosities ranged from 22.66% to 49.20%, and permeabilities
(Kair) ranged from 0.01 ft/day in MCU _II (977.20 ft bls sample) to 10.43 ft/day in the GLAUClpu
(1,668.50 ft bls sample). Grain densities were consistent, ranging only from 2.70 to 2.84 grams per cubic
centimeter (g/cm?®). The single petrographic sample from 1,592.70 ft bls was classified as a
wackestone/packstone, matching the District’s description of wackestone for this sample interval in the
GLAUClIpu.

The results of the XRD analyses indicate that four of the cores were composed of dolostone (sample depths
839.3,968.0,977.2, and 998.9 ft bls), with two of the samples (from 968.0 and 977.2 ft bls) containing 26.5
and 24.5 weight % gypsum, respectively (Table 13).

Spherical, milky white, void-filling crystals in the core sample collected from a depth of 763.0 ft bls (packer
test 14 in MCU _I) were tested with XRD to determine their mineralogy. The XRD results (Table 13)
indicate that these crystals are composed of nearly 90 weight % quartz (Figure 28).

A sample of euhedral to subhedral, clear, void-filling crystals was analyzed from a core collected at a depth
of 839.3 ft bls (Figures 29 and 30). The XRD results (Table 13) indicate that these crystals are celestine in
a dolomitic matrix, even though these crystals showed no response to UV light. In FAS coreholes in Florida,
celestine has been observed as fine sand-sized grains, rather than as larger intact crystals
(McCartan et al. 1988). Celestine was detected by XRD at OSF-113 at a depth of 1,030 ft bls
(SFWMD 2020). Void-filling celestine crystals have also been observed at POF-31 and POF-32 at the
Sumica site, and large crystals were observed in cores from the OSF-64R corehole.

A laminated core sample from a depth of 1,592.7 ft bls was tested for mineralogy and clay content using
XRD and thin-section petrography to determine the compositions of the dark-colored laminations
(Figure 31). The XRD results (Table 13) indicate that the laminations contain clay (10 weight %)
composed of illite/smectite (6.7 weight %) and illite and mica (2.8 weight %) and that the overall rock
mineralogy is calcite/carbonate. This sample also contains potassium feldspar (27.9 weight %) and quartz
(9.9 weight %). The thin-section petrography revealed that the lighter-colored laminae are composed of
authigenic feldspar in a micrite matrix. Authigenic feldspar can occur in carbonate sediments when silica
activities are high. They can form in alkaline lake sediments that contain volcanogenic components or in
association with brines in environments, including sabkhas, lagoons, or tidal flats (Sandler et al. 2004). The
darker-colored laminae are composed of a clay and micrite. The sample also contains burrows, benthic
foraminifera, and grains of glauconite and detrital quartz. The thin-section petrography report suggests that
this rock was deposited in a low-energy environment, such as a lagoon.

The GLAUCIpu sample from a depth of 1,647.4 ft bls was analyzed to determine if the dark bluish-gray
portions of the sample (Figure 32), which have the appearance of rip-up clasts, were composed of clay or
glauconitic material. The XRD results (Table 13) indicate that the material is composed almost entirely of
calcite (99.7 weight %).
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Figure 28. Photo of white, spherical, “snowball quartz” crystals (87.7% quartz) in core sample collected
from a depth of 763.0 ft bls within MCU_1.

P A i

Figure 29. Photo of core from a depth interval of 839.3 to 839.8 ft bls. XRD test was completed on

crystals (see Figure 30) at a depth of 839.3 ft bls.
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Figure 30. Photo of celestine crystals from a depth of 839.3 ft bls that were analyzed using XRD.

Figure 31. Photo of dark-colored clay-bearing laminations in the core sample analyzed by XRD.
Potassium feldspar was also detected in this sample at a depth of 1,592.7 ft bls using XRD.

Figure 32. Photo of glauconitic marker unit sample from a depth of 1,647.4 ft bls that was analyzed
using XRD.
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WATER LEVELS

At the end of each packer test, the depth to water in the drill pipe was measured using a water level meter
once the water levels had stabilized. These recovery water levels reflect the static water levels within each
tested interval. Changes in recovery water levels between packer tests can indicate changes in confinement
and vertical gradients. Groundwater elevations calculated from recovery depth-to-water measurements
collected at the end of each packer test are represented by the black time series in Figure 33. To compare
these recovery water levels with local water levels in the FAS, the recovery water levels were converted to
elevations (ft NGVD29) and compared to the groundwater elevations from the closest cluster of FAS
monitoring wells. The closest FAS well cluster (OSF-100, OSF-99R, and OSF-98) is located at Intercession
City (Site B), approximately 12 miles southeast of OSF-108R (Figure 34). Wells OSF-100, OSF-99R, and
OSF-98 monitor the UFA-upper, APPZ, and LFA-upper, respectively. OSF-100 was not included in this
analysis because no recovery water level data were collected in the UFA-upper at the Oak Island site. The
groundwater elevations that were recorded in these monitor wells at the same time as the packer test
recovery water levels were collected at the Oak Island site are plotted at the midpoint depth of each packer
test in Figure 33. There were significant issues with recovery during packer testing (refer to the Packer
Testing section of this report for more details). Due to these issues, 10 recovery water level measurements
were eliminated from the data set. The hydrostratigraphic units at the Oak Island site are shown as vertical
shaded bars in Figure 33. The OSF-108R APPZ open interval and the APPZ monitor well OSF-99R open
interval are shown in green, and the Oak Island LFA-upper interval and the LFA-upper monitor well
OSF-98 time series are shown in red in Figure 33.

APPZ packer test recovery groundwater elevations at OSF-108R (Figure 33) remained between
approximately 102 and 103 ft NGVD29, with the lowest elevation (100.78 ft NGVD29) measured at the
base of the APPZ at the end of packer test 13. The APPZ potentiometric surface at the Oak Island site is
about 40 ft higher than in the nearby APPZ monitoring well OSF-99R. This large change in the APPZ
potentiometric surface agrees with the regional UFA potentiometric surface, which has a regional high in
Polk County that generally aligns with the Lakes Wales Ridge. The UFA potentiometric surface dips east
beneath Osceola County.

The first recovery groundwater elevation measured within MCU _I (packer test 14) was approximately 1.3 ft
higher than the elevation recorded in the last packer test within the overlying APPZ (test 13) and remained
between 100.78 and 102.09 ft NGVD29 throughout MCU 1. Below the packer test 20 interval (940 to
970 ft bls), which included the MCU I to MCU _II transition zone at 948 ft bls, the water level recovered
to 99.58 ft NGVD29. Packer tests completed through MCU II (tests 20 through 27, from 940 to
1,180 ft bls) showed a steep, downward gradient through MCU _II, with an overall drop in recovery
groundwater elevations of 26.73 ft. This water level drop of 26.73 ft is large when compared with the nearby
well FAS well cluster at Intercession City. The average difference between the groundwater elevations in
OSF-99R (APPZ) and OSF-98 (LFA-upper) is 13.61 ft, about half of the water level change measured at
the Oak Island site.

The recovery water level elevations within the LF A-upper were fairly constant, with only a slight downward

trend in recovery water level elevations that steepened in the last LFA-upper packer test (test 38), reaching
alow of 70.27 ft NGVD29.

72



Within the GLAUCIpu, recovery groundwater level elevations showed some variability and a slight
increasing trend in recovery groundwater elevations. Overall, the GLAUCIpu recovery groundwater
elevations were higher than in the LFA-upper. The recovery groundwater elevation measured after the last
GLAUCIpu packer test was 74.85 ft NGVD29, which was 4.58 ft higher than the last recovery groundwater
elevation recorded in the LFA-upper. The recovery groundwater elevations increased by 1.27 ft between
the last packer test in the GLAUCIpu and the first test in the LFA-basal. Recovery groundwater elevations
in the three LFA-basal packer tests varied by only 1.22 ft.
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Figure 33. OSF-108R packer test recovery groundwater elevations compared to OSF-98 and OSF-99R
(Intercession City) groundwater elevations collected during the same time period.
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After construction, a pressure transducer was installed in the new monitoring zone, programmed to collect
groundwater elevations at 15-minute intervals, and connected to the District’s SCADA system. Figure 35
is a groundwater elevation time-series plot for the Oak Island APPZ well OSF-108R. Figure 35 shows
seasonal variations in groundwater elevations, with groundwater elevations slowly recharging through the
end of the wet season to their highest elevations by the beginning of the wet season of each year (i.e., during
October 2022 and October 2023), followed by declining groundwater elevations during the dry season.
During the 2023 wet season, recharge to the APPZ was slow and resulted in an October 2023 groundwater
elevation that was about 3 ft lower than in October 2022 at the start of the dry season.
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Figure 35. OSF-108R hydrograph.
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CONCLUSIONS

The Oak Island site hydrogeologic investigation focused on characterizing the hydrostratigraphy,
groundwater quality, and productivity of the APPZ, LFA-upper, and LFA-basal. The Oak Island site was
selected because the site is near the SFWMD-SWFWMD boundary, so the transition in hydrostratigraphy
of the FAS there could be clarified. Second, the site fills an FAS data gap in the northwest corner of Osceola
County. Third, the site had two existing UFA-upper wells where existing, unmonitored Oak Island well
OSF-108 could be deepened without losing continuity of UFA-upper monitoring data collected at Oak
Island well OSF-103. Fourth, the site was owned by the SFWMD, so no time-consuming access agreements
or land acquisitions were required. The existing Oak Island UFA monitor well OSF-108 was deepened and
converted into an APPZ monitoring well (renamed OSF-108R) with an open-hole interval from 343 to
723 ft bls. The data from OSF-108R presented in this report supplements the data from the existing UFA
monitoring well OSF-103 and SAS wells OSS-101 and OSS-102 at the Oak Island site and provides needed
APPZ groundwater elevation and water quality data. Data from the previous Oak Island hydrogeologic
investigation (Anderson 2011) were incorporated into this report.

The additional coring, testing, sampling, and groundwater analyses performed during this investigation at
OSF-108R enabled District hydrogeologists to establish hydrostratigraphic unit boundaries for the SAS,
ICU, UFA-upper, OCAPlpz, APPZ, MCU I, MCU II, LFA-upper, GLAUClpu, and the top of the
LFA-basal, and identified the most productive intervals within these units. The lithologic and
hydrostratigraphic unit boundaries are based on data obtained from this investigation’s continuous wireline
coring, packer testing, geophysical and OBI logs, and groundwater chemistry obtained from the laboratory
analyses of groundwater samples collected during packer testing.

The geologic units encountered during this investigation include undifferentiated Holocene, Pleistocene,
and Pliocene sediments, the Hawthorn Group, the Ocala Limestone, the Avon Park Formation, and the
Oldsmar Formation. The Suwannee Limestone was not encountered. The base of the Oldsmar Formation
was not encountered to the total depth drilled at OSF-108R (2,020 ft bls).

Two significant APPZ production zones (named APhpz-1 and APhpz-2) were identified at OSF-108R.
These two zones were identified between depths of 370 and 430 ft bls and between 550 and 760 ft bls,
respectively. APhpz-1 and APhpz-2 are relatively more fractured than the rest of the APPZ and have
relatively higher packer test hydraulic conductivities than other portions of the APPZ where fractures and
deformation are less prevalent. In the less productive intervals of the APPZ, groundwater flow is likely
controlled by bedding plane dissolution features and vuggy porosity. APhpz-1 and APhpz-2 were included
in the as-built open-hole interval for OSF-108R.

MCU I and MCU_II were both present at OSF-108R. MCU 1 is characterized by relatively lower packer
test hydraulic conductivities compared to the overlying APPZ. MCU 1I is characterized by beds of
evaporites and relatively lower packer test hydraulic conductivities compared to MCU L.

Three relatively productive groundwater flow zones named LF1, LF2, and LF3 were identified within the
LFA-upper. LF1 extends from 1,180 to 1,250 ft bls, LF2 extends from 1,390 to 1,420 ft bls, and LF3 was
encountered between 1,480 to 1,510 ft bls. Based on groundwater chemistry data collected during this
investigation, LF1 appears to be at least partially hydraulically isolated from LF2 and LF3.

TDS measured during packer testing was predominantly below the USEPA SMCL of 500 mg/L. For packer

tests 12 through 31 (700 to 1,300 ft bls), the TDS concentrations exceeded 500 mg/L, with the highest TDS
concentration of 2,854 mg/L reported for the MCU_II packer test 24 groundwater sample.
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For packer tests 13 through 30 (730 to 1,270 ft bls), the sulfate concentrations were higher than the USEPA
SMCL of 250 mg/L. A lack of production during the packer tests conducted from 880 to 1,150 ft bls
prevented the collection of representative groundwater samples through this interval.

From 1,150 to 1,300 ft bls, within the bottom of MCU _1II and through the upper half of the LFA-upper, all
the ionic profiles, along with strontium, temperature, pH, and specific conductance fluctuated. This interval
overlaps with the LFA-upper flow zone LF1. The remaining groundwater samples collected from the lower
part of the LFA-upper, including samples from LF2 and LF3, show less chemical variation than the
groundwater samples collected from the top half of the LFA-upper. The water quality data indicate that
LF1 is relatively hydraulically isolated from LF2 and LF3, which likely causes the differences in water
quality between LF1 and LF2/LF3. If groundwater flows between these zones, the water quality of each
zone would be expected to be similar.

All but one of the OSF-108R packer test groundwater samples analyzed for stable water isotopes plot below
the GMWL, and all the samples are depleted relative to VSMOW. Samples that plot relatively farther away
from the GMWL may have experienced more evaporation prior to infiltration than those data that plot
closer to the GMWL. Samples from the LFA-upper, LFA-basal, and the GLAUClIpu plot farthest away
from the GMWL. The stable water isotopes mostly cluster by hydrogeologic unit, indicating that the
climatic conditions during recharge were not identical. § '*O and & *H become increasingly positive in the
MCU I and LFA-upper samples and are more enriched than the GLAUCIpu and LFA-basal samples,
possibly indicating that groundwater in MCU_I and LFA-upper underwent more evaporation than
GLAUCIpu and LFA-basal groundwater. The MCU _I, LFA-upper, and some of the APPZ groundwater
samples appear to fall along one evaporative trend line, while the GLAUCIlpu and LFA-basal samples may
fall along another evaporative trend line characterized by relatively more depleted § 2H concentrations.

The packer test groundwater samples collected from OSF-108R were categorized mostly as Fresh Recharge
Water Types II and IV (FW-II and FW-IV), with a minor amount of Transitional Water Type I (TW-I).
When plotted by depth, the groundwater samples display a rebounding trend from FW-II to FW-IV then
back to FW-II. Fresh Recharge Water Type Il is indicative of infiltration through sands and clay lenses.
Fresh Formation Water Type IV (FW-IV) is characterized by insignificant vertical infiltration with the
primary driver for chemical composition being mineral dissolution. FW-IV is also described as an older
form of FW-II or FW-III. TW-I has seawater beginning to dominate the source waters. All the packer test
samples collected through the MCU and LFA-upper are FW-1V. The GLAUCIpu and LFA-basal samples
fall into the FW-IV or FW-II categories, while the APPZ samples are categorized as either FW-II or TW-1.

OSF-108R packer test recovery water levels show that vertical hydraulic gradients vary between FAS
hydrostratigraphic units. The packer test recovery groundwater elevations remained relatively constant
through the APPZ at an average elevation of approximately 103 ft NGVD29. As packer testing progressed
through the underlying MCU I, the recovery water levels dropped approximately 1.3 ft followed by a steep
drop in recovery water levels of 26.73 ft through MCU _II, which indicates that there is a strong downward
hydraulic gradient between the APPZ and LFA-upper. Through the LFA-upper, packer test recovery water
levels remained relatively constant until the bottom of the LFA-upper, where the packer test recovery water
levels dropped approximately 2 ft. Recovery water levels then rose approximately 6.5 ft through the lower
portion of the GLAUC]Ipu into the LFA-basal, producing a weak upward gradient from the LFA-basal and
lower portion of the GLAUC]Ipu into the LFA-upper.
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The closest FAS wells to OSF-108R (OSF-98 and OSF-99R) were monitored during packer testing and
showed similar seasonal water level trends as OSF-108R. The groundwater elevation within the APPZ at
OSF-108R is about 40 ft higher than the groundwater elevation in nearby APPZ monitoring well OSF-99R.
This large change in groundwater elevation matches the regional UFA potentiometric surface, which shows
the highest groundwater elevations beneath the Lake Wales Ridge in Polk County (Florida Geological
Survey 2023). From the Lake Wales Ridge, the UFA potentiometric surface dips east beneath Osceola
County.

OSF-108R is telemetered into the District’s SCADA system and is collecting groundwater elevations at
15-minute intervals. Groundwater elevation and water quality data can be accessed on the District’s
corporate environmental database, DBHYDRO Insights (https://apps.sfwmd.gov/dbhydrolnsights/.

RECOMMENDATIONS

Aquifer performance tests (APTs) are recommended to characterize the productivity, leakance, and other
aquifer properties of the UFA-upper and APPZ at the Oak Island site. Although the packer testing and data
analyses performed for this project were rigorous, these data were collected from 30-ft-long intervals and
provide only relative comparisons of the productivity and transmissivity between tested intervals. A more
accurate characterization of the APPZ’s hydraulic properties, particularly APhpz-1 and APhpz-2, and any
possible hydraulic connections to units above and below could be achieved by performing constant-rate
APTs and concurrent groundwater sampling or a single-well specific capacity test at OSF-108R. Each APT
should be conducted at the highest sustainable pumping rate to adequately stress each aquifer so that
accurate aquifer parameters can be calculated.

The collected data from existing UFA-upper well OSF-103 and newly installed APPZ well OSF-108R
should be integrated into a regional synthesis of existing FAS wells. Based on this proposed regional
synthesis, additional FAS drilling, well installation, and testing within the CFWI region will be considered
as tasks to help further resolve differing hydrostratigraphic interpretations between neighboring water
management districts to help refine the regional hydrostratigraphic framework, characterize and quantify
the available FAS groundwater resources, and obtain additional data in areas where FAS hydrostratigraphic
information is sparse or absent.

Because the flow zones within the APPZ are highly productive, their regional extent, relative productivities,
thicknesses, and depths are important for water supply planning and groundwater modeling. As stated in
the ECFTX groundwater model documentation report (CFWI Hydrologic Analysis Team 2020), there is
debate over whether the contiguous fracture zone prevalent in the northern and western portions of the
expanded model area is hydraulically connected to the thinner, bifurcated fracture zones that are more
predominant in the south-central and southeast portions of the expanded model area. There are often large
distances between control points in this region, making continuity difficult to establish. This is an area of
uncertainty in the hydrogeology of the region that can be addressed by a regional data synthesis,
incorporating data from all the FAS wells in the region. In addition, “There are large portions of the ECFTX
model area where supporting discrete head and water-quality are not available to assess the hydraulic
continuity of these discrete zones. Consequently, some hydrogeologists tend to lump the fracture zones into
a single unit, while others split it and view the deeper fractured zone as part of the LFA” (CFWI Hydrologic
Analysis Team 2020). Additional drilling and testing within the FAS, based on the results of a regional
FAS synthesis report, could help further characterize the regional extent, thickness, and productivity of
fractured intervals within the APPZ.
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The CTD probe used during the OSF-108R packer testing was installed within the turbulent zone
immediately below the packer assembly intake. This turbulence likely resulted in a pressure drop where the
CTD probe was installed. If the CTD probe (or other pressure transducer) were installed farther from the
packer assembly intake, then the pressure measurements collected by the probe or transducer would be less
impacted by the turbulent flow, and more accurate drawdown estimates could be obtained. It is
recommended to test this hypothesis during future packer testing programs by replacing the 1-ft-long intake
screen/pipe used during this investigation with a 5-ft-long pipe, which is only screened across the uppermost
foot of the pipe adjacent to the packer testing assembly inlet. Two pressure transducers would then be
installed within the 5-ft-long inlet pipe. One pressure transducer would be installed inside the pipe
immediately adjacent to the bottom of the screened interval as was done during this investigation. A second
pressure transducer would also be installed inside and close to the bottom of the 5-ft-long pipe to isolate
the lower transducer from the turbulent flow that occurs at the top of the 5-ft-long pipe and packer assembly
inlet. Differences in the pressures measured by these two transducers are expected due to the turbulence
induced near the packer assembly inlet and the lack of turbulence farther away from the inlet. It is
anticipated that the lower transducer would provide more accurate pressure measurements than the upper
pressure transducer. If this is the case, future packer testing programs will utilize this new configuration.
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

SURVEYOR'S REPORT

GROUND WATER WELL OSF-108R (GW Well #5)

Report Prepared by: Mike Horan Sr. PSM PMP
Date: 9/30/2022
Party Chief: Ned Strickland
Field Work Date: 7/2/2022
Survey and Mapping Section
Engineering Construction Bureau



OVERVIEW OF THE PROJECT

The purpose of this Survey is to establish a Reference Elevation at monitoring well site
OSF-108 by establishing NGS third order elevations referenced to the North American
Vertical Datum of 1988 (NAVD-88). An offset to the National Geodetic Vertical Datum of
1929 (NGVD-29) has been computed Corpscon software, version 6.0.1.

LOCATION OF PROJECT

Section 5, Township 25 South, Range 27 East, Osceola County Florida.

Legend: SFWMD Disk =

=Aeria I.'(_)f__Sih(e;_e .
Ngt"'tqg_ scale (ESRLproduet) &

.

VERTICAL DATUM FOR THE PROJECT

Is the North American Vertical Datum of 1988 (NAVD88). To convert elevations to the
National Geodetic Vertical Datum of 1929 (NGVD29), add 0.86 to the NAVD88 value.
Elevations is the U.S. survey feet unless otherwise stated.

LEVELING METHODS

CONFIGURATION OF LEVEL RUNS

A brief description of the procedures used is as follows. Benchmark “OAKISL” was
recovered in good condition. The mark is a South Florida Water Management District
(SFWMD) aluminum disk set in concrete. Redundant checks were made to the Reference
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tags @ existing Groundwater Well 2 and Groundwater Well 3. Additionally, the elevation
@ BM OAKISL was verified with RTK GPS connected to the Florida Department of
Transportation (FDOT) Florida Permanent Reference Network (FPRN) The FPRN is an
array of 100 or more continuously operating, dual frequency geodetic GPS sensors
providing real time corrections.

LEVELING EQUIPMENT USED

Leveling was done using a Wild NA2 Automatic Level (Serial 215142).

HORIZONTAL LOCATIONS

INTRODUCTION

Horizontal positions and elevation redundancy checks were made with a Trimble R12i
GPS receiver connected to the FDOT Network.

Description Y, (Northing) X, (Easting) Latitude Longitude
P Coordinates Coordinates (DD MM SS.SS) | (DD MM SS.SS)
OAKISL 2007 1,454,667.143 452,341.855 28° 20" 02.367" | 81° 38’ 00.960"
OSF-108R o ) . -
(GW Well #5) 1,454,732.653 452,329.289 28° 20" 03.015" | 81°38'01.105

PROJECT RESULTS

The following tables list the elevations established for each existing or new mark, “to-
reach” description for each mark and a photo of the mark. All elevations and coordinates
are in US Survey Feet.

Description Reference Elevation
(NAVD88)

Monitor Well OS.F-108R (GW Well #5) 110.33 feet
Reference Mark:

Monitoring Well GW2: 110.74 feet
Monitoring Well GW3 110.69 feet

Site Benchmark “OAKISL 2007” 108.241 feet
Northeast Ground Elevation: 106.92 feet
Southeast Ground Elevation: 106.92 feet
Southwest Ground Elevation: 106.92 feet
Northwest Ground Elevation: 107.02 feet
Northeast Concrete Pad Elevation: 107.33 feet
Southeast Concrete Pad Elevation: 107.32 feet
Southwest Concrete Pad Elevation: 107.36 feet
Northwest Concrete Pad Elevation: 107.36 feet
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OAKISL WELL REFERENCE POINT LOCATION PICTURE

T T R e TN B
-

“a \“,:;:4". x,‘. ‘ 3
Ty

Reference Elevation =
110.33 feet NAVDS88

X Mark on NE rim of
8” grey PVC pipe.

OAKISL GW WELL 5 Brass Tag OAKISL Overall site
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SITE BENCHMARK “OAKISL 2007” DATA

BENCHMARK PICTURE (Up-close)

BM Elevation: 108.241 feet (NAVD8S8)

TO REACH: In Osceola County, From the intersection of I-
4 & US192, go west on US 192 for 5.2 miles to Lindfields
Blvd. Turn left on Lindfields Blvd and proceed south to
Funie Steed Rd. Go east on Funie Steed Rd. for
approximately 1000 feet to the BM on the North side of the
road. BM is +/- 8 South of chain link fence, +/- 40’ East of
a well, and is marked by a carsonite survey signpost. The
BM is a SFWMD aluminum disc on an 8” diameter & 40”
deep concrete monument incased by a PVC pipe.
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SURVEY FIELD NOTES

I=1.) I\;\\SQ FR#® 7-b 7-5-,3& : Anize FR® .o L Emars o
: = I i TT1] TTTT - = =
L 1 H 8 i HHHHH H H EESEREE shEEbEsgs |
j \::L*ﬂ_JL? =y HA ES e
i R sEuERa s ME Y] o EEENE . w S [ ¥l
BER ST = [ BT i AR _ |-
=+ i ez = : e
BESSES - Il e ek ok kb T s Ll Euas
SHT7ES i -
: HaasE fra-g -
L= AN dF: [A[R) Hns il T : S=HEH
e i R =
T i i 12> AL ﬁ'l 71 = RS
£ y u
= 1 S ey ST i i ; aEr
ang e S T [ s
' it Froe > A T H
0 ANS T | N -
| = apL I o7 b e = i : .
8 X 110 ERIAY EH
7S, ER) B[4y i 4 mi Ao A oL :
L A i {FElE 15 i = o O e LA 1
N A £ r: HEEN -H
R a9 [ HA = =
: s=e i f ] i H ; X
-] ANELY % < i EES harm o L sed
i 1l =17 YTEELILS = Gl G
] M =l o &, Y AR EE E B 7
- HEE! e B \
- \ " 1
i ] EEEE q]
il \ /
z R Am \ H
N H
!
i [
- - 111 I |
HH W E = i taicd
jum i = 3 2l
i 1 P
- | e o ] S = H
{8 [ [ ; : t b=

CORPSCON 6.0.1 CONVERSION

m Corpscon 6.0.1 - [Manual Conversion]
5 File Edit Window Help

e s HEEH S| sRSN o

Point Name: |DSF108R Geo Coordinate Format
Northing/Y: [1454732.653 ¢ Decimal Degrees
Easting/X: 452329 283 " Deg-Decimal Minutes

Elevation/Z- |00 1 (s Deg-MinDecimal Seconds

Office:|Office Project: [Pioject Remark: |
Office
Project
INPUT OuTPUT
State Plane, NADS3 Geographic, NADS3
0901 - Florida East, U.S. Feet Vertical - NGVD29 (Custom), U.S. Feet

Vertical - NAVDS8, U.S. Feet

OSF108R "
Horthing/Y: 1454732 .653 Latitude: 28 20 03.01511
Easting/X: 452325.289%9 Longitude: 81 38 01.104S5%5
Elevation/Z: 0.0 Elevation/Z: 0.860

Convergence: -0 18 02.&7734
Scale Factor: 0.95538873%
Combined Factor: 0555553101
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SITE BENCHMARK

SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Rev. 401
COUNTY OSCEOLA PROJECT VDUP- Reference DESIGNATION OAKISL
Elevation Audit Project # 1
SECTION ] TOWNSHIP 25 RANGE 27
GEOGRAPHIC INDEX OF QUAD 28081-CB
Established by WOOLPERT NAME OF QUADRANGLE Lake Louisa SW
SURVEYOR JOHN CESTNICK DATE_9/12 /2007 | FIELD BOOK__W0104-40 PAGE
HORIZONTAL DATUM: 1983 ZONE E
VERTICAL DATUM: NGVD 1929 NAVD 1938
CONTROL ACCURACY: HORIZONTAL GPSRTD VERTICAL 3
STATE PLANE COORDINATES X 45231 Y 1454680 EL. NGVD 29 109.10
NAVD 88 108.24
LATITUDE 28° 20" 02 5" LONGITUDE 81038 013" 108.241
DESCRIPTION
To Reach:
From the intersection of 14 & US192, go west on US192 for 5.2 miles to Lindfields Blvd. Turn left on Lindfields Bivd
and proceed south to Funie Steed Rd. Go east on Funie Steed Rd. for approximately 1000 feet to the BM is on the
north side of the road. BM is +/- 8' S of chain link fence, +/- 40' east of well, and is marked by a carsonite survey
sign post. The BM is a SFWNMD aluminum disc on an 8" diameter & 40" deep concrete monument incased by a
FVC pipe.

SKETCH
sra. LocdTion
o
.
o’
[
J
y
w
a
%
-
Woolpert, Inc. Vertical Control Survey Report Section 4: Page 95 of 98
December, 2007 SFWMLD, Contract # CNE0744/3600000504
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Party Chief: Ned Strickland

Field Book: MISC. Field Book #7-O Page 38

Site Benchmark: “OAKISL 2007” Elevation: 108.241 (NAVD88)
Date of Survey: July 5%, 2022

Offset: = 0.86 Add this value to NAVD88 to obtain NGVD29 values

SURVEYOR’S CERTIFICATION

I hereby certify that as a duly registered Florida Professional Surveyor and Mapper, | have
prepared this Report for the South Florida Water Management District with the information as
outlined. This reportis not complete without the referenced information being available during
an examination of said Report. | further certify that the precision achieved, and the care taken in
collecting the data to formulate this report are adequate for the purpose of the assignment and
that the standards set forth in Chapter 5J-17.050 through 5J-17.052 of the Florida Administrative
Code have been met.

Michael K Horan Sr PSM PMP
Professional Surveyor and Mapper
State of Florida Certificate No. 5494
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APPENDIX B:
SUMMARY OF DRILLING, TESTING, AND
WELL CONSTRUCTION ACTIVITIES
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Table B-1. Summary of drilling, testing, and well construction activities.

Start Date

End Date

Activity

Site Geologist

2-15-21

2-19-21

Huss mobilization to site with Versadrill rig. Set-up over
OSF-108 and drilled down to original as-built depth (150 ft bls).

2-22-21

2-26-21

Reverse-air drilling from 150 to 335 ft bls. Dredged beach sand
from 321 to 325 ft bls. Drilling cut short for the week due to an
air compressor breakdown at a depth of 335 ft bls.

K. Esterson

3-1-21

3-5-21

Reverse-air drilling from 335 to 365 ft bls. Prepared borehole
for logging. RM Baker performed geophysical logging and
downhole video of 12-inch diameter borehole. Final casing seat
depth selected (343 ft bls). 30 cubic ft of gravel placed in
preparation for casing installation.

E. Richardson

3-8-21

3-11-21

Depth to top of gravel measured at 345 ft bls. Added additional
gravel to 344 ft bls, then added sand to 341 ft bls. 3 bags of
bentonite pellets were placed on top of the sand. Installed 343 ft
of 8-inch diameter steel casing and grouted to the casing to land
surface.

H. Saini

3-15-21

3-19-21

Cleared cement plug from borehole with using an 8-inch
diameter drill bit and drill to 370 ft bls. Installed 4-inch diameter
temporary casing to 370 ft bls. Cored from 370 to 500 ft bls.
Completed packer tests 1 through 4.

S. Coonts /
A. Bouchier

3-22-21

3-26-21

Cored from 500 to 700 ft bls. Completed packer tests 5 through
10 (from 490 to 670 ft bls). Continued to note fizzy water in
discharge. Identified a packer bladder leak and replaced
damaged bladder prior to packer test 7. During packer test 7
bubbling was heard in the corehole during water level recovery.
Replaced both packer bladders, airline fittings, and CO» tank
after test 7.

K. Smith

3-29-21

3-30-21

Cored from 700 to 730 ft bls. Completed packer tests 11 and 12.

S. Coonts

3-31-21

Removed temporary 4-inch diameter casing and reamed 4-inch
diameter corehole from 370 ft bls to 730 ft bls to 8 inches in
diameter in preparation for installation of temporary 6-inch
diameter casing.

4-8-21

4-8-21

Developed borehole in preparation for OBI logging. Drillers
were on standby while USGS completed OBI logging from 343
to 730 ft bls.

H. Saini

4-12-21

4-16-21

Cored from 730 to 910 ft bls and completed packer tests 13
through 18.

E. Richardson

4-19-21

4-23-21

Cored from 910 to 1,040 ft bls and completed packer tests 19
through 22.

A. Bouchier

4-26-21

4-30-21

Cored from 1,040 to 1,160 ft bls and completed packer tests 23
through 26.

K. Smith

5-3-21

5-7-21

Cored from 1,160 to 1,240 ft bls and completed packer tests 27
through 28.

S. Coonts

5-10-21

5-14-21

Cored from 1,240 to 1,300 ft bls and completed packer tests 29
through 31.

E. Richardson

5-17-21

5-21-21

Cored from 1,300 to 1,390 ft bls and completed packer tests 32
through 34.

H. Saini

5-24-21

5-28-21

Cored from 1,390 to 1,530 ft bls and completed packer tests 35
through 38.

A. Bouchier

5-31-21

5-31-21

No site activities due to Veteran’s Day holiday.

6-1-21

6-4-21

Cored from 1,530 to 1,620 ft bls and completed packer tests 39
to 41.

H. Saini/ J.
Zumbro
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Table B-1. Continued.

Start Date End Date Activity Site Geologist
6-7-21 6-11-21 g)oiz(.i from 1,620 to 1,690 ft bls and completed packer tests 42 S. Coonts
6-11-21 6-18-21 Cored from 1,690 to 1,810 ft bls and completed packer tests 45 A Bouchier
through 47.
6-21-21 6-25-21 Cored from 1,810 to 1,900 ft bls and completed packer tests 48 E. Richardson
through 51.
6-28-21 7291 Cored from 1,900 to 1,990 ft bls and completed packer tests 52 H. Saini
through 54.
Cored from 1,990 to 2,020 ft bls and conducted packer test 55.
7-6-21 7-9-21 Geophysical logging by RM Baker between 730 and J. Zumbro
2,022.3 ft bls
7-12-21 7-30-21 Reamed 810 ft of borehole to 6 inches diameter. --
8-2-21 8-27-21 Reamed 480 ft of borehole to 6 inches diameter. --
8-30-21 8-30-21 RM Baker completed borehole video log. K. Esterson
8-31-21 USGS completed OBI logging. --
RM Baker completed geophysical logging of reamed borehole
9-821 from 730 to 2,020 ft bls. The gable head broke during induction E. Richardson
logging and could not be repaired. Only borehole fluid logs ’
were collected.
ABS Geophysical completed geophysical logging from 730 to
9-14-21 2,020 ft bls in the reamed borehole. The dual induction tool was A. Bouchier
not available.
9-15-21 Borehole backfilled to 723 ft bls. --
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ClDomestic ClLandscapa Irdgation Ol agreuioratiiripatton £ 8ita Investigations
Dootted Water upply [ Recreation Area Jrdgation  [CLivestock skatBonitoring
OPubits Watar Supaly (Limlled Use/BOH) LI Nursery Infgation ElTest
OPublia Water Supply {Community or Non-Community/DEP) O commerdatindusidal L] Earih-Coupled Geolhermal
Clase | Injerten BIGolf Course Iirigation: [ HVAG Bupply
[IHVAG Retum
ClassV Injecton;  EdRechage  E3Commerdalfindustiel Disposet  ESAqulfer Slorage and Recovery &4 Drainage
Remediaflon: EdRecovery DEAlrSparge  EROther {Posediba) Official Lisn Only
B0thet Desaibs) ] |
10.-Distange fiom Septio Syslem I < 200 i, 1. Faciity Description A\ (A Celin T 12, Estimated Stan Dalafe-Jedonld, .,
13,*Estimaled Well Dept il *Esimatad Casing Dapth . Primary Casing Diamelar, in. OpenHolet From____. To._...1f

14, Estimated Screpn Interval From T .

18*Prmary Ceslng Materlal:  JEeflack stes)  Kleahenized PV Flstalniess Stos)
L2 Not Cased B Other,_
18, Bacondary Onsing:  KdTelescope Caslng  EdUner  £Burface Casing  Diameter_J {2 in.

17, Bacondary Cosing Materlal:  Edplack Stee!  [iGahvanized  EAPvc  [iSiainiess Steel Tioer

18.*Mathod of Canstruction, Repakr, orAbandonment: ~ ElAuger  ECable Tool Jeliecf?}&ptary Ll sonie
E Combination (Two or More Malhods) B Hamd Driven (Well Polny, Band Poidty 3 Hydraulle Point (Dlrect Push)
P Hortzonte! Diiling  F Flugged by Approved Method Fiother {pesebo)

19, Propused Groutlng \plerval for the Pdmary, Secondary, and Additienal Casing!
m_£) ..&?.D

Fro To San) Material { EBenlonlle ot Cament  EROther,
From_____‘io eal Materlal {EBentonile Y Neat Cement Hﬂthar__,.,_.______)
Fom____To ______ SealMaterda (ElBenfontle EINeatCemenl [lother )
From ___ . To SaatMateﬂa!(ﬁBaﬂionlle £ Noat Coment Eothar________________)

20, indleale tolal number of oxisting wells ox slle List numbear of axleling unused wells on slle

24.4a this wall or any existing wall or weter withdrawal onihe owner's contiguous property sovered under & Consumplive/Waler Lise Pemmit (CLPANUP)
or CUPAUP Application? Yos Wu, cornplele the following: CUPAVLIP No DistictWellIDNo. _________

22. Letliude Long
23 Data Oblained From:  Dl@ps  TIMap  KiSurvey ' Datumy, NAD 27 NAD B3 Wos 84

olwmllw:omplv#nh-applrﬁ-lﬂualmummﬁdu\dmw mam;.nmmmw Laerkly ULl am tha el o] i preputy, g h u‘mmmnlded mn'le.lnd l-mm-l
B N L e T R S e

A N L R A S S e
fu BrirRCIor *1fconse Na. “Bignaiure of Gwner or Apoat
ra T plminir 1&‘
Approval Geanted By pasish poveDatect 3 A [ Exoteation Date ¥ "3 o | _shydrologist Approval ______ .
fali ke

FoeReoalved 8 Recalpt Ne, Check No.

THIS PERMIT 8 NOT VALID UNTIL PROPERLY BIGNED BY AN AUTHORIZED DFFICER OR REPREBENTATIVE OF THE WMD DR DELEGATED AUTHORITY. THE

PERMIT BHALL BE AVAILABLE AT THE WELL SITE DURING ALL CONSTRUGTION, REPAIR, MODIFIDATION, OR ABANDONMENT ACTIVITIES,

DEP Ferm: B2-532,800{1) Incorporsled in 62-532.400{1), F.A.Q. _Effactive Dale; Ocloher 7, 2010

Pagaqof2

1/8




STATE OF FLORIDA WELL COMPLETION REPORT Bate Siamp
[1Sauthwest BLEASE, FILL OUT ALL ABPLIGARLE FIELDS
[1Northwest (*Denofes Required Fields Where Applicable}
[J&t. Johns River
[ South Floride
{1Suwannee River !
Rod: ela
/BQéEgated Authority {If Applicable) ﬂ q\ Officla) Use Only
1.*Permit NumbeHoi_lDQ-- X172 CUPWUP Number “DID Number 62-524 Delineation No,

8.*Owners NamaLS< (LD (L 4xComplation Date 1DV i} 5. Florida Unique ID

o Teunie Sreed Od. A T=a cnmee gl Y747

*Well Location - Address, Road Name or Numbet, Ciy, 1P

7. *County, @Q Qe@\(‘ *Section ) Land Grant Township =2 S ‘Range 2 Wi

8. Latifude Longitude
8, Data Obfeined From: ____ GPS Map Survey Daturn: NAD 27 NAD 83 WGES 84

2.*Number of permitied wells cpnstructed, repalired or shandoned 1 *Number of permitted ‘T“K not aonstructed, repaired, or abendoned E

10.Type of Waorle Gonstrucﬂon Repalr é Modffication ___Abandonment
11."Spectly intended Use(s) of Well(s):

Domestlc Landscape Irrigation —ggggggﬁl Irrigation :gagam[trgﬁigaﬂan
Bottled Water Supply o Recreation Area lrrigation _“Nursezy Irmigation st
Public Water Supply (Limitad Use/DOH} Commsroialindustdal Earth-Coupled Geothemat
Public Water Supply {Cormuntty or Non-Communiiy/DEP} Goif Course Jrrigation HVAC Supply
Class | Injection —HVAC Rehurn
Class V Inlaction: Recharge Cammercial/industrial Disposai Aguifer Storage and Recovery Prainage
Remediation: Recovery Alr Sparge Other (pescriba)
Other [pescibe)
12.2Drill Method: Auger Cable Teol _><Rofary Combinafion {Two or More Methads) Jetted Sonie
Horlzental Drilling Hydraulic Point (Dlrect Push) Other
18.*Measured Static Water Level ft. Measured Pumping Water Level it. Alter Hours at . GPFM
14.*Measuring Point (Rescribe) Whichis ft. Above Below Land Surface *Flowing: Yes No
15,*Casing Material: ~ _ Black Steel Galvanized PVC Stainless Steel Not Cased Other :
16" Tota Welf Depth A 3%, _ Gaser Dopth 3o, T, _“Open ole: Frondle To 323 . ‘Sueen:From ___To __f SotBlza
17.*Abandonment: har (Explaln) -
From f To___ f. Na.of Bags ______  BSealMaterial (CheckOne)___ NeatCement  Bentonile Other
From £ m ﬁ. No.ofBags__  Sesl Materlal (Check One)__ NeatCement____ Bentonits Other
From ft. To ft. No. of Bags Seal Material (Check Ona; NeatCement__ Rantonita Other,
From ’ To fi. No.ofBags Sea| Material (Check One); Neat Cement___ Benionite Other,
From ft. To f. No.ofBags ___ Seal Matetial {Check One); Neat Cernent Bentonite Other

18.*Surface Casing Diameter and Depth: £5x 5% v ng
Dla \L@ in. Fromgd) _ft. To]O f No.of Bags __~  Seal Material (Check One} Neat Cement___ Bentonite Diher

24. Water Well Contractor:

1
*Contractor Name.SX L0 g OB BLIG A biconas Kb G[?:.\-[; E~manAddresswmeE_MT
7 /

*Contractor's Signature *Driller's Name (Print or Type) MJ Y ln_,p')f) ‘QQ) 0
in IS Teport |s accurategndjinie.}

Dia___ ~ in. From ft. To ft. No. of Bags Seai Material (Check One}: Neat Cement____Benfonitg_ | Other
18.*Primary Cesing Diamelgr and Depth e
Dla in. From No, of Baps_otd € 023’"’ Seal Material (Check One) =% < Neat Cement_ Rentonfts___ Other
Dia In, From ﬁ. Ta ﬁ No, of Bags Seal Materlal {Gheck Oneg .___MeatGement___ Bentonita___ Other
Dig in, From ft. To ft. No.ofBags ~ Seal Material {Check Onej: Neat Cement Bentonite,___ Other,
Dig, In. From ft. o ft. No.ofBags  Sed| Material (Check One); NeatCemen’t Bentonlte  Other |
Dia in, From f. To ft. No,ofBags ___ Seal Matena] Check One);__. Neat Cement Bentonite____Other
20.*Liner Casing Diameter and Depih:
Diz in, Fromg o To ft. No.ofBags__ Sea) Materfal {Check One),___ Neat Cement Bentonlte ___Other.
Dia_____In. From ft. T ft. No.ofBags__ SealMaterlal (Check One),____ NeatCement  Bentonite  Other
Dla_____In. From it T ft. No.ofBags . Seal Materlal {Check One).____NeatCement__ Benionite  Other,
21 *Telescope Caslng Diameter and Depth:

Dia in. From it To ft. No.ofBags_  Seal Materjal (Check One);,__Neat Cement  Bentonite_ _Other

Dig in. From ft. To ft. No.ofBags_____ SealMaterial (Check One). NeatCemeni ] " Bentonita____Other

Dig, in, From____ft. T fi. No. of Bags Seal Material (Check One);___ Neat Cement - Bentonite__| Other
22, Pump Type {if Known): 23. Chemleal Analysls {When Required):

Centrifugal Jet Submatsible Turbine Iran ppm  Sulfate ppm  Chloride ppm

Horsepower Pump Capacity (GPM)
Pump Pepth ft. InfakeDepth__ _  fi. ___ | aboratory Test Field Test Kit

FORM LEG-R.015.02 (6/10) Rue 400-2.411 (1) (=), FAC.




SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT
2379 BROAD STREET, BROOKSVILLE, FL 34604-5899
PHONE: {352) 786-7211 or (800) 423-1476
WWW.SWFWMD.STATE.FL.US

5T. JOHNS RIVER WATER MANAGEMENT DISTRICT
4048 REID STREET, PALATKA, FL. 321781420
PHONE: (386) 328-4500

WWW.BJRWMD.COM

NORTHWEST FL.LORIDA WATER MANAGEMENT DISTRICT
152 WATER MANAGEMENT DR., HAVANA, FL 323334712
(U.8. Highway 90, 10 miles west of Tallahassee)

PHONE: (850) 539-5089

SOUTH FLORIDA WATER MANAGEMENT DISTRICT
F.O. BOX 24680

3301 GUN CLUR ROAD

WEST PALM BEACH, FL 334164680

PHONE: (561) 686-8800

WWW.SFWMD.GOV

SUWANNEE RIVER WATER MANAGEMENT DISTRICT
8225 CR 48

LIVE OAK, FL 32060

PHONE: (386} 362-1001 or (B0O0) 226-1068 {Florida only)
WNW.MYSUWANNEERIVER.COM

WWW.INWFWMID.STATE.FL.US
*DRILL CUTTINGS LOG (Examine cuttings every 20 fi. or af formation changes, Note cavities and depth fo producing zone. Grain Slze: F=Fine,
M=Medium, and C=Coarse)
From ff. To . Color Grain Size (R M, C) Matetial
From_ ff.To ft.  Coler Grain Sfze (F M, C A
From kB To . Color \ _ \Graln Siza (F, M, £)_ / |
From . o ft. Color N\ Grain Size (F, MJC) ]
From £ To 7 NN AN in Gize (F, M]C) 4 g /
From T & A Ga . in jSize {F, MC) N/ /A
From i o / I Size (F, M, @ NN
From, . To ft.  Color {Brain Size (KM, C} Material
From . To ft. Color Graln Size (R M, G} Material
From . 'To f. Color Grain Slize {F M, C) Material
From f. To f. Color Grain Size (F, M, C) Matstlal
From ff. Ta ft. Color Grain Size (F, M, C) Material
From_ ft. T ft.  Color Grain 8ize (K M, G) Matesial
From . To ft. Color Graln Size (F, M, C) Material
Fram, ft. To ft.  Color Graln Size (F M, G) Material
From £ To i Color Graln Size {F, M, C) Material
From ff. T ft. Color Graln Skze (F, M, C) Matetial
From % To ft.  Calor Grain Size {F M, C) Materal
From & T it. Color Grain Size (F, M, C) Material
From it. To ft.  Calor Graln Size (F, M, C) Matetial
From ff. T ft.  Color Grain Sizs (F, M, C} Materfal
From . To ft.  Color Grain Size (F M, C) Material
From f. To ft.  Golor Grain Size (F, M, C) Materia]
From f. To .  Color Grain Size (F M, C) Material
From ft. To ft. Colar Grain Size {F, M, C) Material
From__ ft. To __ft.  Color Grain Siza (F, M, C) Materiz|
ey
Gommel
mm L
- OSF-108 =
k| Latitede: 28°20'03.1" -
Longitude: -81°38'00.9" .
FORVITEST Oak Island Drill-Site Location =




Wel
©SE-108
©sF-10a

©5F.10a

o504

©SF.18
(=1L
CEFARA
QBRI
O5F.108
O5F.108
O5F-108
O5F-i03
O5F-108
O5F-108
OS5F-108
O5F-108
O5F-103
OSF-108
OSF03
OSF-10d
OSF.108
O5F.108
DSF.108
O5F.108
O5F-108
OSF-108
OSF-108

DSF-102

OSF-108
OSF-108

OBF-108
O5F-108

O5F.103

O5F-108
DS5F-108
Q5F-305

D5F-108

DEF-105
D5F-108
o5FA05

osFA08
o508

QEFARa

osF-108
QsF-108
QsF-108
05108
OSF-108
CEF-108
CEF-108
QEF-108
QEF-108
OSF198
GSF-408

0sF108

O5F-108
OSF.108
OsF.1o8

OSF.108

OSF-108
OBF-103
OBF-108
OBF-108

OSF108

03F-108

O5F-108

GSF-104
GsF.10a
Q5F-108
CEF-108
[=taR )
CEF.108

C5F.108

Depth4Gn  DenthMar  Dosceription'Gemments

153
155
160
17
15
180
185
2
25

225

£

ass

255

am

a7

31748
iras

382
3842
3853

3813
99
300

W18
353

358
472

410
4152
4158

Até
469

214

4249

454

<71
4787

4318

4158

4387

155 LeMSTONE; VERY FALE ORANGE ; 10YR 02. ECHINOIDS

160 LESTONE; VERY PALE ORANGE : 10YR A2 ECHHNODS, GONES

RAYVISH ORANQE ; 10TR 214; ECHENC!DS, CONES
ALE YELLOWASH BROWN : 10VR 6/2; ECHHOIDS,

180 DOLOMITIC BAESTONE; GRAVISH ORANAE : 10YR 7/4; ECHINGIDS, CONES

185 LMWESTOHE; VERY PALE ORANGE : 1OYR 82, ECHNC'DS, CONES

210 LMESTOHE; VERY PALE ORANGE : 10YR &2, ECHNCTDS

215 LBMESTONE; VERY PALE ORANGE : 10YR &2

225 LAESTOHE; VERY PALE ORAHGE : 10YR &2, ECHNGI0S
DOLOSTOHE; 30% LBESTONE; DARK YELLOWISH BROWN 1 10TR 42;

235 ECHZIOIDS, CONES, FORAMNIFERA

240 LVESTONE! VERY PALE ORAMIGE : 10YR W2, FORAMINIFERA
LIMESTONE; VERY PALE ORAMGE : 10YR &2, ECHNODS, CONES,
245 FORAMIEFERA

250 DOLOSTONE; DARK YEELOWISH BROYN : 10VR 47; ECHUNOWS.
LMESTONE; 10% SHELL FRAGMENTS; YELLOWISH GRAY 15V 7r2;

255 FORANGHEFERA, CONES

260 LVESTOHNE; 30% SHELL FRAGNENTS: PALE YELLCWWISH BROWN : 10YR &2

265 DOLOSTANE; 40% LIMESTONE; PALE YELLOWISH BROVIM | 10VR 62; SONES

270 LOVESTONE; VERY PALE QRANGE : 10YR 272; ECHINO'DS, CONES

275 LOESTONE: VERY PALE ORANGE : 10YR &72; FORAMINFERA

280 LPESTONE: VERY PALE ORANGE : 10YR &72; FORANIIEFERA, CONES

785 DOLOMITC-LIVESTONE; PALE YELLOWISH BROYA : 1D¥R &/2; ECHNOIDS
DOLOMITHCLIMESTOMNE; YELLOVSH ORAY 1 §Y 772 ECHILODS, FORMITFERA,

200 COHES

300 LPAESTONE; VERT PALE ORANGE : 1GYR &2; FORANLHFERA, CONES

3

5 1 BESTONE; VERY PALE ORANGE 1 10YR &2 ECHINO'DS, CONES

220 LBESTONE; VERY PALE ORANGE 1 10VR &2; CONES

1BAESTONE; VERY PALE ORANGE © 10VR &2; ECHNGOIDS, CONES; 263 WHITE
305 QUARTZ BAND; TRACE PHOSFHATE

TOLOSTONE, 40% LMESTONE, VERY PALE ORANGE ; (0YR &/2; CONES; 2%
330 QUARTZ SAND; 2% PHOSPHATE

DOLOSTONE; 30% LMESTONE; VERY PALE ORANGE ! 10VR 82, CQMNES;
335 EEHHO'DS; 1% PHOSPHATE; 107 OF LIMESTONE HAS IRON STAILENG

DOLCHITICALVESTONE; VERY PALE ORAHGE | 10YR &72; FORAL
345 CONES

DOLOSTOHE; 30% DOLOKNITICLEAESTONE: VERY PALE ORANGE { 10YR A2,
350 CONES; ECHINOIDS: £% PHOSPHATE: 1% QUARTZ SANG

DOLOMITICLIMESTONE; VERY PALE ORAMGE : 10YR 82, ECHNODS, CONES,
155 FORALENFERA; 20% OF GRAINS HAVE TRON STANING, 2% BLACK ORGAMICS

DOLOWATICLEMESTONE; VERY PALE ORAHGE : 10YR 072, EGH'RCEDS, CONES,
260 FORAMKGIFERA; TRACE PHOSPHATES

DOLEAWTIC-UMESTONE; 10% DOLOSTONE; VERY PALE QRANGE : (0YR &2,
RACE PHOSPHATES

%5
e
LIMEITOHEHUDSTONE; VERY PALE ORANGE : 10YR 92 LOW

2711 NTERGRANULAR PORCSITY, GOCD INDURATICH

LIMESTOUE-WACKESTONE; VERY PALE ORANGE : 10VR &2; MODERATE
2776 NTERGRANULAR PGROSITY; POOR INDURATION; FORAMTIEFERA; BIVALVES
LIMES TOHE-WACKESTONE; PALE YELLOWISH BROV : 10VR 62; HIGH
2758 INTERGRANULAR AND VUGGY POROSITY: GOOD IRDURATION
280 HORECOVERY
LS TONEAVACKESTONE; VERY PALE ORANGE ; 10TR &2: HGH
NTERGRANULAR POROSITY, NIGDERATE INDURATION; BIVALVES.,
287 GASTROPODS
LMESTONE-PACKSTONE; YERY PALE QRAHGE ; 10YR 82; MODERATE
INTERGRANULAR POROSITY; MODERATE INDURATION; FORAMIFFERA;
3822 WELGLIDS
LVMESTOREMUDSTONE; VERY PALE ORANGE : 10VR &2, HO OBSERVEABLE
3453 POROSITY; MODERATE INDURATIGH
LMESTONE MUDSTONE,; PALE YELLGWWISH EROVRE : 10YR 672; MODERATE
347.3 VUGAY POROSITY; GOOD HOURATION
LMESTORE MUDSTONE; FALE YELLEWISH EROWH 1 10YR 872: MODERATE
349 VIGAY POROSITY; GOOD INDURATION
350 NO RECOVERY
LMESTONE-ADSTONE; VERY PALE GRARGE : 10VR 82; LOW
3915 WTERGRANULAR POROSITY, POOR INDURATIGN
1MESTONE WACKE STONE; PALE YELLOWISH BROVWM - 10YR 62; MODERATE
MOLTEC AND VUGGY FORQSITY; GOOD INDURATION; ECIEROIDS; BIVALVES,
393 GASTROPODS, NLICLRD, NEQLAGHUM
LIMESTONENYACKES TONE, GRAVISH ORANGE : 10YR 14, HGH
396 NTERGRANULAR POROSTTY; POOUR INDURATION
LOMESTONE YACKES TONE, VERY PALE ORANGE : 10YR £72; MODERATE
397.7 INTERGRANULAR POROSTY; POOR INURURATION
400 HO RECOVERY
LEZESTONE-PACKSTONE; VERY PALE ORANGE : 10YR &2, HIGH
INTERGRANULAR AHD MOLDIC POROSITY; POUR [HOURATION, FORANENIFERA;
403 BASTROPODS
LMESTONE-PACKSTONE; VERY PALE ORANGE : 107A 82, LOW
402 INTERGRANULAR POROSTTY; POCR INGURATION, FORAMNTERA
LESTONE-PACKSTONE; GRAYISH ORANGE : 10YR 114, MODERATE
2052 INTERGRAMULAR POROSITY; FOCR INDURATION; FORAMIGFERA
LIESTONE-PACKSTONE; GRAYISH ORANGE : 10Y/ 7i4; MODERATE
407 INTERGRANULAR POROSITY; MODERATE INDURATICH, FORAREHTFERA
410 HC-RECOVERY
LAES TONE-WACKESTONE; VERY FALE ORANGE © 10YR £2; LOW
INTERGRANULAR AND MOLDIC POROSITY; POCR rl#DURATION FORANGHIFERA
4152 SIVALVES AHD GASTROPCDS
UMESTONE-WACKESTONE; PALE YELLOWASH BROWH : 10YR &72; MCUERATE
INTERGRANULAR AND NKUDIC POROSITY; FOOR INDURATION; FORAMELEFERA
4166 BIVALVES AND GASTROPODS
UMESTONE-WACKESTONE; GRAYISH ORAKGE | 1R Tﬁ; MODERATE
LITERGRANULAR AND MOLDIG POROSITY; mDERnT‘E IRATICH;
He FOI VES AND
LHESYUNE SWACKESTONE: GRAYISH OMIGE T0YR 714, HGH
TTERG AND MOLDIC PORDSITY; MODERATE INDURATION; HOLLUEKS
4169 BIVALVES: GASTROPODS
LMES TOHEWACKES TONE; GRAYISH ORANGE © 10YR 7id; MODERATE
421.4 RITERGRANULAR PORCSITY: MODERATE HOURATION
LIVES TOHELAUDSTONE; GRAYISH ORANGE 1 10YR 74 LOVW INTERGRAMULAR
423 POROSITY; GOOD FIDURATION
LIVESTONE-HUDSTONE: PALE YELLOWISH BROVWN : 10VR &2, LOVY
4241 INTERGRAMNULAR POROSITY. MODERATE INDURATION
UMES TOHE-WACKESTONE; PALE YELLTWISH BROWH : 107R 82, LOW
INTERGRAHULAR AND MOLDIC POROSITY: MODERATE INDURATION; MOLLUBKS
4254 BIVALVES: GASTROPODS
LMESTONE-HUDSTONE; VERY PALE ORANGE : 10YR &72; LOW
4271 INTERGRANULAR POROSITY. MODERATE INDURATION
LIESTONE-HUDSTONE; VERY PALE ORANGE : 0¥ 2 MODERATE
INTERGRANLALAR AHD MOLDIG POROSITY; GOCD INDURATION; MGLLUSKS-
4287 BVALVES; GASTROPCDS
430 NGO RECOVERY
LMESTONE WACKESTONE; PALE YELLOWISH EROW:H : 10YR &72; KO
431.5 CBSERVEABLE POROSITY: GOOD HDURATION

LMESTONE WACKESTONE; PALE YELLOWISH BROWR 1 10VR 67; LOW VUGOY
4356 ANDINTERGRANULAR POROSITY; POOR INGURATION, SONE FRACTURES
LMESTORE WACKESTONE; PALE YELLOWISH BROWH : 10YR 62, 1OV
4232 INTERARAHULAR POROSITY; MODERATE INDURATION
LMESTOREWACKESTONE; ORAYISH ORANGE : 10YR M4, MODERATE
INTERARARULAR AND MOLDIC POROSTTY; MODERAYE INDURATION,
438.7 FRACTURED; MOLLUSKS-BIVALVES; GASTROPODS
LMESTOREAWACKES TONE; ORAYISH ORANGE © IO‘VR 7/4:HO CBSERVEARLE
4352 POROSITY; MODERATE INDURATION. FRACTURI
LAESTONEAVACKESTONE; VERY PALE DRANBE 10VR B2; HO CBSERVEABLE
440 POROSITY; MODERATE iHOURATION; FRACTURED
LMESTONE WACKESTONE, GRA\'\SH ORANOE : 10YR 7M; NQ CBSERVEABLE
4115 POROSITY; MODERATE tHDURATICH
LBAE STONE-WACKES TONE, GRAYIEH DRAHGE TOYR 714 LOW

LMESTONE-WACKESTONE,
444 HTERGRANULAR ANR WIGAY PORCSITY: POCR tHDURATICH

RAYISH ORANGE : 10VR, #4; LOW

Aok Trpe

UMESTONE
LMESTONE
DOLOMTICLMESTONE
DOLOMITICLMESTONE
DOLOMITIC-LIAES TONE
LMESTORE
LMESTONE
RIESTONE
LPAESTONE
BOLOSTOHE
LMESTORE
LMESTONE
DOLOSTONE
LIMESTONE
UMESTOHE
DALOSTONE
UNESTONE
HESTGHE
LBAESTONE
BOLONTH LWESTOHE
BOLOMITILIVESTORIE
LAVES TONE
LMESTONE
LEAESTONE
LEESTONE
DOLOSTONE
DOLOSTONE
DOLONTTIC-LPAESTONE

OOLOSTONE

DOLOMITICBESTONE.
DOLOAITICLEESTONE.

POLOAITICLESTONE.

HMESTONEMUDSTONE
LESTONE-
WACKESTONE

UESTONE.
VHACKESTONE

LIMESTOHE-
VACKESTONE
LESTONE-PACKSTONE
LPESTONEMUDSTONE
UNESTONEMIDSTONE

LMESTONEMUDETONE

{BESTONEMIDSTONE
1MESTONE-
WACKESTONE

{MESTORE-
WACKESTOHE

LDMES TOHE-PACHSTONE
LPMES TOHE-PACKSTONE
MESTONE-PACKSTONE

HMESTONE-PACKSTONE

LIMESTONE.
WACKESTORE

LIMESTOHE-
WACKESTORE

LEAESTONE.
WACHESTONE

LNESTDNE-

WACKESTONE
LPIESTONEMUDSTORE
LVESTONE MUDS TONE

UMESTOHE:
VIACKESTONE

LBESTONE MUDSTOHE

LDESTONE-MUDSTONE
LOSESTONE-
VIACKESTONE
LESTONE-

i

LOESTONE:
WACKESTONE

L ESTONE
WACKESTOHE
L ESTONE-
WACKESTOHE
1 MESTOME-
WACKESTONE
LYESTONE-
WACKESTOHE
LIVESTONE.
WACKESTONE
LVESTGME-
WAGKESTONE
LMESTONE
WACKESTONE

Porosity percent

Porosity Typs |

10 INTERGRANULAR

20 HTERGRAMULAR

30 HTERGRANULAR

30 RITERGRAMULAR

20 HNTERGRAMULAR
0 NODBSERVARLE
20 INTERGRANLEAR

20 INTERGRANWLAR

10 INTERGRANULAR

20 INTERGRAHULAR
30 INTERGRANULAR

20 INTERGRAMULAR

30 INTERGRAHULAR
10 INTERGRAHULAR
20 INTERGRANULAR

20 HWTERGRANULAR

18 HTERGRANULAR

20 INTERQRAHULAR

20 INTERGRANULAR

3 INTERGRANULAR
20 ITERGRANULAR
10 INTERGRANULAR

10 INTERGRAHULAR

10 INTERGRANULAR

10 HTERGRANULAR

20 MTERGRANULAR

0 HC OBSERVABLE

10 BITERGRARULAR

0 PITERGRANULAR

20 NTERGRANULAR
4 NODBSERVABLE
@ HO OBSERVABLE
9 HO OBSERVABLE
10 INTERGRANAAR
10 INTERGRAILLAR

10 ITERGRAULAR

Induration

GODD

FOOR

MHODERATE

MODERATE
LODERATE
aoon

aoon

POOR

POOR

POOR

WODERATE

POOR

POOR

14CDERATE

LICDERATE

LICQDERATE

HOOERATE

HCDERATE
HODERATE

(el ei)

GOCD

BOOR
MOBERATE

MODERATE
MODERATE
MODERATE
MODERATE
FOOR
POGR

POGR

Sthos Feature

FRACTURED
FRACTURED

FRACTURED

Fassl hp2

ECHHOIDS
ECHHOIDS
ECHHOIS
ECHHOIDS
ECHHODS
ECHNOIDE

ECHNOIDS

ECHNQDS
ECHIOIDS
FORAMTFERA
ECHEOOS
ECHRODE

FORAMAIFERA

CONES
ECHNEDS
FORAMNFERA
FORAMNFERA
ECHHREFDS
ECHNTDS
FORAMHFERA
ECHNOBDS
CONES
ECHODS
CONES
ECHNDIDS
FORAMIEFERA

ECHNGIDS

ECHHOIDS

ECH:!

{05

FORAMNIFERA

FORAGNIFERA

FORAEHFERA

ECHNOIDS

FORAMEITFERA

FORAMITFERA

FORALLHIFERA

FORALEHIFERA

FORAMENIFERA

FORAVTFERA

FORAMNFERR

GRA
MOLLUSHS-BIVALVES
a

MOLLUSKS-BIVALVES

MOLLUSKS-BIVALVES

ROLEUSKS-BIVALVES

Coler]
VERY PALE ORAHGE :

1GVR 82

VERY PALE ORAGE :
{07 &2

QRAYISH ORANGE :
10TR 74

PALE YELLOWISH
EROWN ; 10VR 62
GRAYISH ORANGE :
10TR 74

VERY PALE ORANGE :
107R 82

VERY PALE ORANGE :

EROWH : 107R 42
VERY PALE ORANGE :

VR A2

VERY PALE ORANGE :
YR &2

DARK YELLOWASH
BROWH : 10YR 42
YELLOWISH GRAY : &Y

k]

PALE YELLOWISH
BROWHH : 1OYR 62
PALE YELLOWISH
BROWH : 1OYR &2
VER‘! PALE DIU.HB E:

VER'{ PA]._E CRANGE :

VER'{ PALE ORANGE ©
10VR B2

PALE YELLOWASH

il
VERY PALE ORAHGE :
10YR
VERY PALE QRANGE :
VEW PALE ORAHGE :
VERV PALE ORANOE :
VERV FALE ORANGE :
VERV PALE ORANGE :
IR

VERY PALE ORANGE:
&

VERY PALE QRANGE :
10YR 82
VERY PALE ORANGE |

10YR
VERY PALE CRANGE
R e

VERY PALE ORANGE |
ez

VERY PALE ORANGE !
YR 2

PALE YELLO'MISH
BROWH : i0YR &2

VERY PALE ORANGE
e

VERY PALE ORANGE .
10VR &2

PALE YELLOWISH
BROWN : 16YR &2
PALE YELLOWISH
BROWN : 10TR &2

VERY PALE ORALIGE :
107R 22

ALE YELLOWISH
BROWHN : 10VR 62
GRAYISH ORANGE :
TR 24
WERY PALE ORANGE :
10VR a2
VERY PALE ORANGE :
HWYR

a2
VERY PALE ORANGE ;

ADYR 74
VERY PALE DRANGE ©
IR E2

PALE YELLOWISH
EBROWN : 10VA &2

GRAYISH ORANGE :
10VR 744

BROWH [ 18YR&T

PALE YELLOWISH
BROVH ¢ 1BYR G2
VERY PALE ORANGE -
YR A2

VERY PALE ORANGE ;
10YR A2

PALE YELLOWVASH
BROWN : {0YR &2

PALE YELLOVASH
BROWHN : (0YR &2
BALE YELLOWISH
BROWN : 10YR A7

GRAYISH ORANGE ©
10YR 74

QRAYISH ORANGE |
10VR 2

VEAY PALE ORANGE :
YR 82

QAAVISH ORANGE ©
10VR 14

SRAYISH ORANGE ©
YR IM

VERY PALE ORANGE :
YR 87

GRAYISH ORANGE ©
10YR 14

Actess hn Typoa!

PHOSPHATIC SAND
PHOSPHATIC SAND

PHOSPHATIC SAND

DRGANGS
FPHOSPHATIC SAHD

PHOSPHATIC SAHO

CELESTINE

Ascesstbn Pelf




UNESTONE-VWACKESTONE; GRAYISH ORAMGE : 10VR 71 MODERATE LNESTONE- QRAYISH ORANGE ©

B5F-403 444 £45.5 WTERGRANULAR POROSITY; MODERATE INDURATION WACKESTONE 30 INTERGRANULAR  NODERATE R4
LMESTONE-WACKESTOHE, GRAYISH GRANGE ; 107R TH4:LOW LAESTONE. ARAYISH ORAIGE ¢
osF08 4451 2484 INTERORANULAR POROSITY; POOR INDURATION WACKESTONE 10 INTERGRANULAR  POOR TR 314
LMESTONE-WACKES THE; VERY PALE ORANGE : 10YR B/2; MODERATE 1HESTONE- VERY PALE ORANGE :
osF-108 4464 4488 INTERGRANULAR POROSITY; POOR IDURATION VAGKESTGNE 30 INTERGRAIULAR PGOR 1DYR 272
LIMESTOHE-WACKESTGHE; GRAYISH CRANGE : 10VA 71; MODERATE VESTONE- GRAYISH ORARGE :
OSF108 4168 €475 INTERGRANULAR POROSTY; MODERATE HDURATION WAGKESTONE 40 IMTERGRAHULAR  RIODERATE 10VR 714
LPAESTOHE-WACKESTONE; GRAYISH QRANGE : 10YR Tr4; MODERATE LBESTONE. BRAYISH GRARGE 1
ELATLY 4415 248 [NTERGRANULAR POROSTTY; MODERATE ZIDURATION WACKESTOHE 20 INTERGRAKULAR  HIQDEATE 10VR 714
LIMESTONE-WACKES TOHE; VERY PALE ORANGE : 10YR 42; LOW L/ESTONE. VERY PALE ORAKGE :
©3F.103 40 4488 ILTERGRANULAR POROSITY; MODERATE HIDURATION VACKESTONE 10 INTERGRAHULAR  MQUERATE 10YR &2
Le<ESTONE-WACKESTONT; VERY PALE ORANGE : 10¥R 62; MODERATE {MESTONE- VERY PALE ORANGE ;
O5F-103 4ee 4135 [MTERGRANULAR AND VUGGY POROSITY: HODERATE RIDURATION WAGKESTONE 20 IMTERGRAHULAR  WODERATE 10VR 82
LBZESTONE-WACKESTONE; VERY PALE ORANGE © 10VR &2; MODERATE
BITERGRANULAR AND MOLDIC POROSITY; POOR INDURATION: MOLLUSKS:  LIVESTOME. VERY PALE ORAIGE ;
QSF-108 495 450 BIVALVES VIAGKESTEUE 20 INTERGRANULAR  FOOR WALLUSKS-BIVALVES 10YR &2
LEAESTONE-WACKESTONE; VERY PALE ORANGE ; {0VR 22; LOW LIMESTOHE- VER\(PN.E ORARGE ;
o5F-108 40 4507 INTERGRANULAR PORGSITY; POGR INDURATION WACKESTONE 10 INJERGRANULAR  FOOR
LIAESTONE-WACKE STONE, VERY PALE ORANGE : {0¥R &72; MODERATE LIMESTONE- \ram PN.E ORALGE ;
OSF-108 4507 4513 INTERGRANULAR PORGSIT(; BOOR IHOURATION WACKESTONE 70 INTERGRANULAR  POOR 10VR 82
LEJESTONEWACKESTONE; VERY FALE ORANGE : 1GYR &2; MODERATE
INTERGRANULAR AND MOLDIC PORGSITY; MODERATE (NDURATION: MOLLUSKS LIVESTONE- VERY PALE ORAKGE :
OSF-108 4513 454 BVALVES, GASTRORODS WACKESTONE 20 {HTERARANULAR 1AODERATE MOLLUSKS-BIVALVES 0YR 82
LBESTONE-WACKESTORE; VERY PALE ORANGE : 107R &; HGH
INTERGRANULAR, MOLOIC, AND VUGGY POROSITY; MODERATE WDURATION;  LIESTONE- VERY PALE ORANGE :
OSF-108 454 4546 HOLLUSKS BVAIVES; GASTROPODS WACKESTONE 30 #ITERGRANULAR 1ICDERATE MOLLUSKS-BVALVES 107R B2
LIESTONE-WACKESTOHE; VERY PALE ORANGE : 107R &72; MODERATE LIMESTOHE- VERY PALE ORAKGE :
OSF-102 4548 455 IMTEAGRAMULAR PORCSITY; MODERATE INOURATION VIAGKESTONE 20 HTERGRANULAR KIODERATE 10VR &2
LIESTONE-WACKESTORE; GRAYISH ORANGE : 10¥E #/4; MCERATE LIMESTOHE- GRAYISH ORANGE :
QSF-10a 455 455.8 INTERGRANULAR PORCSITY; POUR BIDURATION; FRACTURED VIACKESTONE. 20 NTERGRANULAR  POOR FRACTURED VR 7t4
LIVESTONE-YYACKESTONE; GRAYISH ORANGE : 10¥R N4, HGH
HTERGRANULAR AND BOUING FOROSITY; MODERATE HDURATISN; MOLLUSKS LIGESTORE- GRAYISH ORANT
©SF-103 4558 458 BIVALVES; GASTROPODS \WACKESTOKE 30 INTERGRANULAR  MODERATE MOLLUSKS-BVALVES 10VR T4
LMESTONE-WACKESTONE, VERY PALE ORANGE : 10¥R &2, MODERATE
HIERGRANULAR AND MOUNG FOROSITY; FOOR HOURATIIN, MOLLUSKS-  LIMESTORE- VERY PALE ORANGE :
CSF-108 458 458.5 BIVALVES; GASTROPODS, SOME FRACTURES VIACKESTONE 20 MTERGRANULAR  POOR MOLLUSHS-BVALVES 10VR &2
O5F-108 4595 460 NO RECOVERY
LIAES TOME-WACKESTONE; VERY PALE ORANGE : 10YR &2, LOW LBAESTCHE- VEHY PALE ORANGE :
OLF-10 450 4E1.7 NTERGRAHULAR PORGSITY; POCR (NDURATIOH WACKESTOKE 10 INTERGRANULAR  FOOR 10YR 242
UMESTOHEUDSTONE; VERY PALE ORANGE : 1R &/7; L0V vsav PN.E ORANGE:
5P 4517 463.8 HTERGRAHULAR PGROSITY; POOR (RDURATION LMESTOHE-MUDSTONE 10 INTERGRANLAR  POOR
HINESTOHE-WACKESTONE; YERY PALE ORANGE : 10YR 842 MODERATE UMESTONE. veav 9»2 ORANGE :
OEF-03 4539 465 TITERGRANULAR POROSITY; POOR HIDURATION VIACKESTONE 20 INTERGRANWLAR FOGOR
LMESTDHE WACKESTONE; VER' PALE GRAKGE : 10YR 872 HigH LBESTONE. verw PALE ORANGE ;
SF-08 <& 467 BITERGRAHULAR BOROSITY; POOR INDURATION VWACKESTONE 30 IMTERGRAMULAR FOOR YR &2
CeveatoNs WYACKESTONE; GRAVISH ORANDE ¢ 10YR #/4; MODERATE LMESTONE- GRAYIEH ORANGE
057108 7 455 HITERGRANULAR POROSITY; POOR INDURATION WACKESTONE 20 INTERGRARULAR FOOR 10YR 744
L/ES TOHE-WACKESTONE; GRAVISH ORANGE : {0VR T4 HaH UMESTORE- GRAYIEH ORAKGE
037108 458 470 ITERGRANULAR FOROSITY; POOR IDURATION; SCAE FRACTURE: ACKESTONE 30 INTERGRANULAR FOOR 10YR 74
CIVEETOHEWATKES TONE; DARK YELLOWISH ORANGE : 10VR £5; }rcu LRESTONE- DARK YELLOV/ISH
OSFANS 470 473.4 INTERGRAHULAR FOROSITY; POOR INDURATION; FRACTURED VACKESTONE 30 INTERGRANULAR FOOR FRACTURED ORANGE : 10¥R &4
LIMESTONE WACKES TONE, DARK YELLOWISH ORANGE : 10VR 6.6; MODERATE  LDMESTONE- DARK YELLOWISH
O5F-108 4734 476 INTERGRANULAR FOROSTTY; FOOR RIBURATIGN VIACKESTONE 20 WTERCRANULAR FGOR ORANGE : 10V 53
LD2ESTONE WWACKES TONE, DARK YELLOWISH ORANGE : 10VR 66; HGH LMESTONE- DARK VELLOWISH
OSF-105 478 4167 INTERGRAHULAR FORUSITY, FOOR INDURATICN WACKESTONE 0 HTERGRANULAR FOCR CRANGE : (077 &5
L2/ESTONE-MUDSTONE: DARK YELLO'WISH ORANGE : 10VR &6, 10W DARK YELLGWISH
0SF-108 4587 4760 \NTERGRANULAR FOROSITY; POOR INDURATION LOVESTONE MUDS TONE 10 HTERGRANULAR FPOGR ORANGE : 107R 6%
OSF- {08 488 480 HO RECOVERY
LMESTONEWWACKES TONE; DARK YELLOWISH BROVN | 10YR 42, MODERATE  LIUESTONE- DARK YELLOVASH
O5F-108 <80 4812 INTERGRANULAR POROSITY; POOR INDURATION VIACKESTONE 20 IFTERGRANULAR  POGR BROW: 10VR 42
LMESTONEAACKES TONE; VERY PALE ORANGE : 10YR &72; ODERATE LOVESTONE- VERY PALE ORAMGE
asF-j0a 12 482 INTERGRANULAR POROSITY: MODERATE INGURATION VIACKESTONE 320 INTERGRANULAR MODERATE J0YR 82
UMESTONE-WACKES TONE; VERY PALE ORANGE : 10YR &2, HODERATE LOESTORE- VERY PALE ORAHGE |
ASE-108 487 4829 INTERGRANULAR POROSITY: POOR IMDURATION VIACKESTONE 20 INTERGRANULAR POOR 10YR &2
LIMESTONE-WACKES TONE; DARK YELLO‘MSH aauml 10YR 472; LOVY LIMESTONE- DARK YELLCWISH
BSF.108 4829 4838 (HTERGRANULAR POROSITY: VIACKESTONE 10 HTERGRANULAR POGR BROVHN ; 107R 42
UMESTONE-WACKES TONE; DARK V'ELI.O’MSH anuwn 10YR 42: MODERATE  LIMESTONE- DARK YELLOWISH
DSP-108 4038 4842 IHTERGRANULAR POROS(TY: POOR INDURATION WACKESTONE 30 INTERGRANULAR POCR BECHTI: 10VR 42 CHERT
MODERATE
LIE STONEWACKES TQHE; MODERATE YELLOWISH BROVH : 10YR &4, LMESTONE- YELLOWISH BROVM ¢
O5F-103 s 485 MWODERATE INTERGRAIULAR POROSITY; POOR IHDURATION WACKESTONE 30 INTERGRANULAR POUR 10VR &4
LIMESTONEWACKES TCHE; DARK YELLOWISH BROWN 2 10YR 472, MODERATE  LIVESTONE- DARK YELLOWISH
©8F-103 <25 WACKESTOHE 20 INTERGRANULAR  POGR BROWH : 107R 472
: | GRAYISH GRANGE : 107R 7/4; MODERATE
IFTERGRANULAR AND MOLDIC POROSITY; MODERATE HDURATION, IRGULUSKS LIMESTONE. ARAYISH ORANGE :
OFF-103 a0 487,1 BIVALVES: GASTROPGDS WACKESTONE 0 MTERGRAHULAR  RIGDERATE ROLLUSKS-BIVALVES 107R 714
LIAESTONE-WACKESTONE; DARK YELLOWSH BROWN 1 10YR 42 NODERATE  LIMESTONE- DARK YELLOYASH
©SF-103 011 it WACKESTONE 0 INTERGRANULAR  MODERATE BROVYH : 10YR 42
LA STONE-WACKESTONE, GRAYISH ORAHGE - 10YR T/4; MODERATE {MESTONE- GRAY)SH ORAKGE ;
O5F-108 40 4828 INTERGRANULAR PORGSITY; MODERATE HDURATION WACKESTONE 20 MTERGRANULAR  MOOERATE 107R 1M
LPAESTONE-WACHKE STONE, GRAYISH ORANGE : 10YR 764, LOW LIVESTGHE- GRAVISH ORAKGE :
©5F-108 4928 495 INTERGRANULAR POROSITY; POOR INDURATICN WACKESTONE 10 INTERGRANULAR  FOGR R T4
LIAESTONEMWACKE STONE; GRAYISH ORANGE ; 1R 7i4; MODERATE LIMESTONE- GRAYISH OHRARQE ;
OSF-108 495 4953 INTERGRANULAR PORCSITY; JAODERATE HDURATION WACKESTONE 20 HTERGRANIRLAR I4ODERATE WOVR 74
LEESTONEMWACKESTONE, GRAYISH ORANGE : 10YR 744; MODERATE
INTERGRANULAR AND MOLDIC POROSITY; GOOD BIDURATION, MOLLUSKS.  LIMESTOME- GRAYISHORARGE ;
OsF-108 4953 428 BIVALVES; GASTROPODS WACKESTONE 20 BTERGRANULAR GOOD MOLLUSKS-BIVALVES 10YR 714
LEESTONE WACKESTONE; BRAYISH GRANGE : 10YR 714; MODERATE LIGESTONE- GRAVISH ORANGE
OSF-108 4n s POOR INDURATION WACKESTORE 20 HTERGRANULAR POGR HOYR 74
LILESTONE WACKESTORE; GRAYISH GRANGE : JOYR 7/4; HGH LPAESTONE- GRAYISH ORANGE
OSF-ita 500 5015 ITERGRANULAR FORCSITY; POOR INDURATION WACKESTONE 30 INTERGRANULAR  POCR 10VA 714
Y PALE QRANGE : 1DYR 52; MODERATE LIMESTOHE- VERY PALE ORANGE:
QSF-t0a 5018 IMTERGRANULAR ITY; POOR INDURATION WACKESTONE 20 INTERGRANULAR  POOR 1AL
LIMESTOHE-MUDSTONE: VEAY PALE ORANGE : 10YR b2; NO OBSERVEABLE VERY PALE ORANGE :
OSF-108 5043 502 POROSITY; POOR INDURATION; LANGHATED LEAESTONEHUDSTONE 0 HOORSERVASLE POOR LASENATED oY &2 ORGANIGS
OsF-102 508 510 MO RECOVERY
EESTONE LLOSTONE, Ve vam' PALE ORANGE : 10YR &7 HO OBSERVEABLE VERY PALE ORAHQE 1
OSF-108 510 $11.7 PORDSITY; MODERATE LBAESTONEHUDSTONE 0 HOOBSERVABLE  MODERATE 10VR
D/ES TOHE-VACKESTON vmf PALE ORANGE : 10YR M2 LOW LEAESTOHE- . VERY PALE ORANGE :
OSF-503 sty 512.6 HTERGRANULAR PORCSITY: FOOR (NDURATIIN WACKESTONE 10 INTERGRANULAR  POOR 10vR &2
EIMESTGHE-HUDSTONE; VERY PALE ORANGE : 10¥ /2, O CIRSERVERBLE VERY PALE GRANGE :
OSFA03 §1285 §14 POROSITY; POOR INDURATION UMESTONE MUDSTONE 0 HOOBSERVABLE POOR 10YR &2
LEESTGHE-HMUDSTONE; GRAYISH ORANGE : 10YR 31 MGOERATE GRAYISH ORANGE :
OSFA08 518 516 [NTERGRAHULAR POROS(TY; POOR IHDURATGH LMESTONE AUDSTONE 20 INTERGRANULAR  POOR 10YR 701
LIMESTONE-MUDSTONE; GRAYISH ORANGE 1 107R 4; HOH INTERGRANULAR GRAYISH GRANGE :
D5F.108 516 517 POROSITY; POGR INDURATIGH UPESTONE MUDSTONE 20 WIERGRAHULAR POOR 18YR 71
LIMES TOHE-MUDSTONE; GRAYISH ORARGE : 10VR 4 HODERATE GRAYISH QRANGE 1
0572108 517 5185 HTERGRAHULAR POROSITY; MODERATE INDURATIGH; FRAGTURED LPAESTONE MRS TONE 20 ITERGRAHULAR MUDERATE FRAGTURED YR 77
OSF-108 5185 520 HORECOVERY
DOLCSTORE; VERY PALE ORANGE ; 10YR &2; IGROGRYSTALLINE: LOVY VERY PALE ORANGE 1 J
EHA 520 5214 PRIPCNT PORGSITY: POOR [HDURATION: FRACTURED, ORGANICS DOLOSTONE 10 PRLPOINT - VUGS POOR FRAGTURED 107R &2 CRAANICS
DOLOSTONE; GHAYISH ORANGE ; JOYR 7/4; lRCROCRYSTALLIKE; LOW GRAYISH ORANGE :
QP08 5248 5232 PINPOINT PORTSATY; MODERATE INDURATION, LASIHATED; ORGANCS DOLOSTOHE 10 PINPOINT - VUGS MODERATE LAMHATED T ORGANCS ‘;
DOLOSTONE; GRAYISH ORAMOE : 10YR 7/4; MICAOCRYS TALLINE  HiGH GRAYISH ORAHGE :
asFitd 502 5262 PRIPOINT AND MOLDIC FORGSITY MODERATE IDURATKSH BOLOSTANE 30 PHPORNT - VUGS MODERATE 1OYR
DOLOSTONE; VERY PALE ORANGE : 10YR &2; MICROCRYSTALLIE MODERATE VERY PALE ORANGE :
osF-ton 5262 527.9 PINPOINT AND VUGGY FORGSITY; POOR INDURATION, FRAGTURED DOLOSTONE 20 P POINT - VUGS POGR FRACTURED TR W2
DOLOSTONE; VERY PALE DRANGE : 10YR &72; MCROCRYSTALLEE; LowW VELLY PALE ORANGE :
osFioa 5219 5208 PRPOINT POROSITY; POSHR INDURATION; LAVINATED; GRGANCS DOLOSTONE 10 PHPOINT -VUGS POCR LAENATED 10TR 82 ORGANCS
DOLOSTONE; GRAYISH ORANGE : 107R 714 EGROGRYSTALLINE; MODERATE GRA‘nsH CRANGE :
osF108 s284 29,1 PREPOINT, MOLDIC, ANDVUGTY PORGSITY: MODERATE IDURATION DOLOSTONE 20 PINPOINT - VUGS MODERATE 1R
DOLOSTONE; GRAYISH ORAHGE : 10VR 14; ECROCRYSTALLINE; LGW GRA\'ISH CRANGE :
O5F.108 5297 5315 PINPOINT POROSITY: MODERATE INDURATION DOLOSTONE 10 £ PCINT - VUGS MODERATE 1OVR 7
BOLOSTONE; GRAYISH ORAHGE : 10VR TH; CROCRYSTALLEVE; MODERATE GRAVISH ORANGE :
osE 108 53138 532 PHPOINT AMD VUGGY POROSITY; MODERATE WOURATION DOLOSTONE 40 #1H POHNT - VUGS KODERATE 10VR T
CALCAREQUS DOLOSTGNE; GRAYISH ORANGE | 10YR 114; MCROCRYSTALLINE; GAIGAREOUS GRAYISH ORANGE :
osF108 53z 534 HGH PIPOIT AND VUGGY PORDSTTY: MODERATE INILIRATICH DOLOSTONE 30 Pl POINT - VUGS KODERATE OVR 774
CALCAREQUS DOLOSTONE; PALE YELLOWISH BROWH : IGYR &2,
WSCROCRYSTALLINE; HO OBSERVEABLE PORQSTY: GROD INDURATION, CALGAREQUS PALE YELLOWISH
osF.108 531 5352 FRAGTURED; ORGANICS DOLOSTRHE 0 NOCBSERVABLE GOOD FRAGTURED BROWH : 10V 62 ORGANICS
ALCAREGUS DOLOSTOMNE; PALE YELLOWISH BROWN : 10YR &% GALCAREQUS PALE YELLOWASH
OSF-108 5352 5383 HECROCRYSTALLINE; LOW PRIPONT POROSITY; GOOO INDURATIGH DOLOSTONE 10 N POINT - VUGS GOGD BROWH : 10YA 62
CALEAREOUS DOLOSTONE; PALE YELLGWISH BROWN : 1OYR &2, CALCAREQUS PALE YEELOWSH
OSF-108 5363 638 MECROCRYSTALLINE; RO OBSERVEABLE FORCEITY; POOR INDURATION DOLOSTOHE © HOUBSTRVABLE POOR BROWTE: 10VA 62
©SF-108 538 536 HEREGOVERY
CALEAREOUS DOLOSTONE; VERY PALE ORANGE : 10YR A2 CALCAREOUS VERY PALE ORAHGE :
©sF-108 530 541 MCROCRYSTALLRIE; MODERATE PINFQIHT FORDSITY, POOR NIDURATION  DXKOSTONE 20 FiH FQIHT - VUGS POOR VA2
CALCAREOUS DXOCOSTONE; VERY PALE ORANGE : 16YR 82
BCROCRYSTALLNE; RO OBSERVEABLE PRIPOINT POROSITY: POOR CALCAREOUS VERY PALE ORANQE :
OSF108 s 5151 INDURATIOH DOLOSTONE 0 HQCBSERVABLE POOR |0YR 872
CALCAREQUS DOLOSTONE; VERY PALE ORANGE : 10YR #/2; CALCARECRIS VERY PALE ORANGE :
O5F-103 545, S4T.1 MECROCRYSTALLNE; LOW PUIPOINT POROSTEY: POOR INDURATION DOLOSTOME  + 0 Fili POINT - VUGS $O0R (0YR &2
CALCAREGUS DOLOSTONE; PALE YELLOWISH BROWH : 10VH 872,
14CROCRYSTALLINE; LOW PINPOWNT POROSTTY; MODERATE INDURATIIN; CALCAREQUS PALE YELLOWISH
QOSF0 s4L. 550.4 DRBANICS DOLOSTONE 10 Piti POINT - VUGS MODERATE BROWN : [SYR&Z  ORGAMCS
DOLOSTONE; PALE YELLOWASH BROWN ! 10YR 572 IGROCRYSTALUNE; LOW +
O3F-108 £50.4 5523 PIHEGINT POROSITY, MODERATE IVDURATION; FRAGTURED DOLOSTONE 10 PiH POINT - VUGS MODERATE  FRACTURED BROVH ; 18YR 672
OOLOSTOHE; PALE YELLOWISH BROWN : 10YR 842, IEGROCRYSTALUNE: PALE YELLOV/ISH
OSF-108 8527 5543 MOUERATE FINPOINT FORCSITY; MOGERATE IHDURATION DOLOSTONE 20 P POINT VUGS MODERATE BROVH ; 10YR 82
DOLOSTONE; PALE YELLOWISH BROWH : 10YR 6/2; MGROGRYSTALUNE, LOW PALE YELLOWASH

O5F-108 55437 558 PINPGHT AND VUGHY PORDSITY; MODERATE BIDURATICH; FRACTURED DHOSTORE 10 PN POWNT - VUGS AJDERATE FRACYURED BROWH ¢ fOYR &2



O5FA05

O5FAD4

O5FAD8

O5F108

O5F-108
O5F108
O5F108

OSF-108

O5F-108

GSF-103

Q5103
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OsFA08

osfAcs

OsF108

‘OSF-{8
OSF-108

O5F-108

O5F-108

03F-103

G5F-108
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DEF. 108

OFF.108

QEF.i03

OFF. 108
G5F-108
OSF-108
OSF-103
O5F-103
O5F-108

OSF-108

Q5F-108

OSF-108

OsF-id
OSF-108

O5F-108

OSF-108
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QsF-10d

O5F-103
O5F-103

OFF-103

O5F-108

DSF-108

OEF-108

O5F-103

O5F08

(=0

QSRR

DEF-104
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D5F.108

DSFARE

o5F108

Q5F-108

QSF-108

QSF-i08

OSF-108

O5F.108
QEF.i03

OSF-108

558

5668

5596

5715
s728
5742

5%

577

5ME

S816

te1g

58
5854

5516
527

564

5051
w042
5089
5095

610

8i18
8127
8142

5153

LT3
Lrik]
6317

6324

837
6403

BSOS

652
55148

6541
655

6585

DALOSTONE; PALE YELLOWISH BROWN ; 10VR 62; MCROCRYSTALLINE:

HKODERATE PWOUIT,VL!GEY,NID MOLDIC POROSTY; MODERATE
556.8 INGURATION, FRACTURED

LOSTON ALE YELLOWISH BROVIH 1 10VR 672; MiCROCRYSTALLINE;

557.7 PIHPOMT AND YUGGY FOROSITY; MODERATE INDURATION

OOLOSTONE; PALE YELLOWISH DBROWH 1 10YR 62; MICROCRYSTALLINE;

MODERATE PINPONT AND YVUBGY FOROSITY; MODERATE INDURATION;
$55.8 FAACTURED

OALOSTONE; PALE YELLOWISH BROVYM | {0YR 6/2; MCROCRYS TALLINE; LOW
5716 PINPOINT POROSITY FOOR MOURATION; ORGAIECS

DLOSTONE; GRAYISH ORANGE : 1OYR 7H; l!:cRcchsrALUnE,MunERATE
5728 PIHPCENT, VUGAY, AHD WOLDIC POROSITY; MODERATE INDURATION
DOLOSTONE; GRAYISH ORARGE - 10YR M, MICROCRYSTALLINE; MDI]ERATE
5742 FiHIPONT POROSITY; POCR NOURATICN; GUARTZATE
DOLOSTONE; GRAVISH QRANOE : 10YR 7r4; ICROCRYSTALLINE; LoW
578 PIHPOINT PORGETY; POOR INDURATION
TOLOSTONE: PALE YELLCYASH BROWH ¢ 10VR 62; RECROCRYSTALLINE; LOVY
57T PHPOINT PORGSITY; MODERATE INDURATION
DOLOSTONE: PALE YELLOVWASH BROVIN ; 10YR &2; MCROCRYSTALLINE,
HODERATE PINPONT POROSITY; MODERATE HDURATION, FRACTURED,
5788 CHERT
DOLOSTONE: PALE YELLCAWISH BRI ¢ 10YR 672, RECROCRYSTALUME,
540 FIHPOINT PORDSITY; MODERATE HOURATION, FRACTURED
TOLOSTONE: MODEHATE YELLOWISH BROWH : 10YR 54, MICROCRYSTALLILIE,
WODERATE PINPONT AHD MORDIG POROSITY; MONERATE IDURATION,
5348 FRACTURED, ORGANTS
TDOLOSTONE: PALE YELLOWISH BROWH : 10¥R &72; CROCRYSTALLINE, LOVY
583 PINPOINT FOROSITY; MODERATE iHOURATION
DOLOSTONE: WIDERATE YELLOWISH BROWE : 10YR 54, MFCROCRYSTALLINE,
WODERATE PiNPOINT AHD MOLD'G POROSITY; MODERATE INDURATION;
5849 FRACTURED

DOLOSTONE: MODERATE YELLOWISH BROWH : 10YR 54, MCAOCRYATALLINE,
525 HAH PINPONT AND MOLDIC PORGSITY; PODR INDURATION
DOLOSTONE; MODERATE YELLOWISH BROWH : 10YR &4, MCROCRYSTALLINE,
WODERATE PiINPOINT AHD VUGGY POROSITY; MODERATE IIDURATION;
584 FRACTURED: QUARTZITE

DOLOS TONE; MODERATE YELLOWISH BROWIL : 10YR B4: MeGROCRYSTALLINE:
6896 HIGH PINPCINT POROSITY: MODERATE INCURATICH, FRACGTURED
£30 NORECOVERY

DOLOSTONE; MODERATE YELLOVASH BROWH : 10VR 54; MECROGRYSTALLINE:
531.6 LOW PHPOINT AMD YUGAY POROSTTY; BOCD INDURATICN

DOLOSTONE; PALE YELLOWISH BROWH ; 10YR £72; WICROTRYSTALLRIE; LOW
532.7 PINPGINT POROSITY; GO0 RIDURATION; FRACTURED

DHLOSTONE; MODERATE YELLOVASH BROVAE ; HYR B4, MEGROCRYSTALLINE:
584 MODERATE PINPOINT PORCSITY; MODERATE NDURATION
DOLOSTONE; MODERATE YELLOVASH BROWWH | 10VR S4; MICROCAVSTALLINE:
HIGH PINPGNT, MOLDIC, AME VUKGGY POROSTTY; GOOD IWDURATION,
5302 FRACTURED

DOLOSTONE: MODERATE YELLOWISH BROSWH 1 10VR 84, HECROCRYSTALLINE;
5979 LOVW PINPOEMT PORDSITY; MODERATE HOURATION, FRACTURED
DOLOSTORE; MOODERATE YELLOVASH BROWN : 10VR 5'; MECROCRYSTALLINE,
MODERATE PIHPORT, MOLDIG, AN VUGEY PORCSITY, GOGD INDURATIGH;
697 FRACTURED

DOLOSTONE; JACOERATE YELLOWISH BROWH : 10VR 54; MICROCAYSTALLINE;
33,1 LOW PINPOMT POROSITY; MODERATE INDURATION
DOLOSTONE; PALE YELLOWISH BROWH : 10YR 672, MeCROCRVSTALLINE; LOW
£34 FNPOINT FOROSITY; GOOD IHDURATICN

DOLOSTOUE; MOOERATE YELLOWISH BROWH : 10VR 54, MICROCRYSTALLINE;
053 HGH PUIPOINT, MOLDIC, AHD VUGSY POROSITY; GOOL INDURATIGN

DOLOSTONE; GRAYISH ORANGE : 10YR #/3; MiCROURYSTALUNE, MGDERATE
&2 PNEOT P()ROSIT!‘ GOOD HOURATION

DHOSTOHE,; GRAYISH ORANGE : 10YR 714 MCROCRYSTALUNE, LOW
6039 FHPONT POROS[TY POOR INCURATHH

DOLOSTONE; MODERATE YELLOMWISH BROWH @ lBYR BM; BECROCRYSTALUNE;
6095 LOVY PHPOMT POROSITY; HODERATE INDURATR
10 HO RECOVERY
DOLOSTO!NE; GRAYISH ORANGE : 18YR T11; Mcﬁacn'rsTALUHE HH
§11.8 PINPOMNT AND MOLDIC PORGSITY; POOR HDURATIO!
DOLOSTO!NE; GRAYISH ORANGE : 10¥R 171, vcﬁocnvs‘rm.\us MODERATE
§13.7 PINEOIT POROSTY: MODERATE INDURATIO!; FRACTURED

DOLOSTCHE; VERY PALE CRANGE - 10YR B/Z; MCROCRYSTALLNE; LOW
5142 PRIPGHT PCROSITY; POOR INDURATION; FRACTURED; ORGANICS; LAVHATED

BOLOSTONE; GRAYISH GRAMGE ; 10YR 7/, MICROCRYSTALLIE; MODERATE
£18.3 PIIPCANT AHB MOLDIC POROSITY; MODERATE (NDURATION; FRACTURED

DOLCRTONE; GRAYISH QRANGE : [0YR T4, M‘CRDCRYSTN.JJ)EE MODERATE
620 PINPONT, HOLDIC, AND VUGAY POROSTY; FOOR INI

DOLOSTONE: GRAYISH ORANGE : 10YR 14, MGHDCRVSTNJ_HI‘E_MDDEHATE
6232 PINPCINT ANE VUGRY POROSITY; MODERATE INDURATION

DOLOSTONE: GRAVISH ORANGE : 10YR 74, BICROCRYSTALLINE, LCW
5238 PINPONT POROSITY; POSR INCURATION; LAVHATED; DRGANECE

DOLOSTORE: MODERATE YELLEWISH BROVAY : 10YR 5'; MCROCRYSTALLINE;

MODERATE PIHPOINT AHD VUG Y POROSITY; MODERATE RIDURATION,
4284 FRASTURED

DLOSTONE: VERY PALE ORANGE : 10TR &2 MICROCRYSTALLINE, LG
5288 FINPO'NT POROSITY; POOR INDURAYTION

DOLOSTORE: MODERATE YELLOWISH BRIMN  10YR &%, MECROCRYSTALLINE,
6282 MODERATE FIRPGHT POROSITY, MODERATE INDURATION, FRACTURED

DOLOSTONE; MODERATE YELLOWASH BROVWH : 10YR 54; MCROCRYSTALLINE;
5793 HOH PNPOINT PORQSITY, IODERATE INDURATION, FRACTURED
37 HO RECOVERY

DOLOSTONE; MODERATE YELLOWISH BROWN : 10YR 54; MCROCRYSTALLINE;

B31.7 HODERATE FFONT AND VUGEY PORCSITY, MODERATE INDURATION
DCLOSTONE; VERY PALE CRANGE : 10VR &2, MCROTRYSTALUNE; LOW

5321 PIHPOINT PORCSITY: POOR, INCURATION: LAMNATEL; ORGANICS
DOLOSTORE; MODERATE YELLOWISH DROWN 1 10YR 54; CROCRYSTALLINE;
HODERATE PIHFOT AHD VUGGY PORCSITY, MODERATE INOURATION;

834} FRACTURED

DOLOSTONE; MODERATE YELLOWISH BROWN 2 {0YR 5'4; MCROCRYSTALLINE;
536 HMODERATE Pi{PONT ARD YUGGY PGROSITY, POOR MDURATION

DOLOSTONE; MODERATE YELLOWISH BROWH : 10YR &4; MICROCRYSTALLINE;
637 HoizH BINPCINT AHD WWAGY PORDSITY; GOOD INDURATION; FRACTURED

DOLOSTONE; MODERATE VELLOWISH BROWM : {8YR 54, ICROCRYSTALLINE:

8403 MCDERATE PINPONT POROSITY; GO INDURATION: FRAGTURED
DOLOSTONE; VERY PALE QRANGE : 10VR &/2; WECROCRYSTALLINE; LOW

8241 FINPOIT POROSITY, POUR INDURATIC, LAYENATED; ORGAHICS
DOLOSTONE; MBUERATE YELLOWISH BROWH © {0YR 5%, MCROCRYSTALLTHE
MODERATE PINPCNT, HOLDIC, AHD VUEGY POROSITY; MCGOERAT

B8 INDURATION

DOLOSTONE; MOUERATE YELLOWISH BRCYN : 10YR 54, MeCROCRYSTALLIE;
6458 MODERATE PINPONT POROSITY, POOR HEAURATION; LAWHATED; ORGANCS

M 1 T0YR S54 MCROCRYSTALLINE,
B35 MQDERATE PINPO‘NTPORDSH‘Y MODERAYE HOURATION

s MCOERATE YELLOY H 1 HOYR S84 MCROCRYSTALLINE,
84508 HJGH PNF‘CNHT ANDARAGGY POROSITY, MODERATE HOURATION

DOLOSTONE; MCGUERATE YELLOWISH BROWN : 10YR 54, leCROCRYSTALLINE;
6505 MODERATE FiMPONT POROSITY, ODERAYE IHDURATION
OSTONE; MOUERATE YELLOYASH BROWH @ 10YR 8'4; MCROCRYSTALLINE,
HI-GH P’.HPO.HT. MOLIEC, AND VUGEY POROSITY; MOUERATE LHDURATIGH,
651 FRACTURES
mu)smNE; RECOERATE YELLOWISH BROWH @ 10YR 54, MCROCRYSTALLINE,
MODERATE PINPOIHT AND VUGGY POROSITY; MODERATE INDURATIME
8533 FRACTURED

CALCAREQUS DOLOSTONE; GRAYISH ORANGE @ 10TR 74, ICROCRYSTALLINE,

£54,1 LOWY PHPOINT FOROSITY; MODERATE BDURATION

DOLOSTONE; MODERATE YELLOWASH BROWH : 10TR 5M4; IECROCRTSTALLINEG,
655 MODERATE PAPOHT PORCSITY; IODERATE (NUURATION,; FRACTURED

DOLOSTONE; GRAYISH ORANGE ; 10VR 744, MGRDCRS‘STN_LINE MCUERATE
556 PINPONT POROSITY: MODERATE BHARATIGH

CALCAREOUS DOLOSTONE; GRAYISH OAANGE ; 10VR 1M; MICROCRYSTALLINE,
656.5 MODERATE PIHPORT AND MOLDNG POROSITY; MODERATE INDURATION
880 HO RECOVERY

DOLOSTONE, MODERATE YELLOVWIEH BROAVH ; 10VR 8M; MICROCRYSTALLINE;
B4 MODERATE PLIPOINT POROSITY: POOR IHDURATION

ERHOSTONE
HOSTONE

BOLOSTONE
BOLOSTONE

DOLOSTONE
KAOSTOHE
bolostoNt

polostate

DOLOSTOLE

DHLOSTOUE

DOLOSTONE

DOLOSTONE

DOLGSTOUE

DOLOSTONE

POLOSTONE

DOLOZTONE

COLOSYOHE

LOLOSTOHE

" ootostone

DOLOSTONE

DOLOSTONE

DOLOSTORE

DOLOSTONE.

DOLOSTONE

DOLOSTONE
DOLOSTONE

DCLOSTONE

DRLOSTONE

DCLOSTONE
DOLOSTONE

DOLOSTONE

DOLOSTOHE

DOLOSTONE
DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

POHOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONHE

DOLOSTOHE

DOLOSTOHE

DOLOSTOHE

DILOSTONE

DOLOSTONE

DOLOSTOHE

OGLOSTOHE

COLOSTONE
CALCAREOUS
DOLOSTONE
DOLOSTONE
DLLGSTONE

CALCARCOUS
DOLGSTORE

DOLOETONE

20 PiHPONT - VUGS

30 PiHPONT -VUGS

20 PiHPONT - VUGS

10 PiNPONT - VUGS

20 PiHPONT - VUGS
20 BHPLENT - VUGS
10 B POINT - VUGS

10 FiHPOINT - VUGS

28 FiNPOINT - VUGS

10 FiNAOINT - VUGS

20 FMPOIMT - VUGS

18 PiHPOMT - VUGS

28 PINPOINT - VUGS

30 PN POMT - VUGS

70 PI PONT - VUGS

30 PIHPOIMT - VUGS

1 PN POINT - VUGS

10 PIH FONT - VUGS

20 Pt POHT - VUGS

3¢ Pt POIHT - VUGS

10 Pt POINT - VUGS

20 P PONT - VUGS

10 Pl PO - VUGS

16 PN PO - VUGS

30 PINFONT - VUGS
20 PN PONT - VUGS

10 PLH POMT - VUGS

10 PiH POIHT - VUGS

30 P PONT -\GS5

20 PN PCANT - VOS5

10 PIN PCRNT - VS

20 PN PONT -VUaS

20 PN PONT -GS
0 PN PONT VU35

10 Pl PONT - VWIOS

20 Pitl BOWT - WGS

10 Piti FOINT -GS

20 PIRl POINT - \AJGS

33 Pl POINT - VUGS

20 K POINT - VUGS

10 PLE PO - VUGS

20 PN POINT - YVLHAE

20 Pk POINT - VUGS

30 PREPOINT - VUGS

20 PINPORT - VUGS

10 FiNPONT - VUGS

20 PBiNPOINT - VUGS

28 PINPOINT - VUGS

20 PIHPONT - VUGS

30 PIHPOMT - VUGS

20 PIH POHT - VUGS

3¢ P POIT - VUGS

0 PN FPONT - VUGS

0 PHPORNT - VUGS

W PULPOINT - VUGS

20 P POHT - VUGS

20 PHH POINT - VLGS

200 FiH PCANT - YUAS

WSODERATE

MODERATE

MODERATE

POOR

MODERATE
POOR
POOR

MODERATE

MODERATE
MODERATE

CDERATE

MODERATE

MODERATE

POCR

MODERATE

LIOBERATE

rooh

HODERATE

GOGD

MODERATE

GOOG

MODERATE

GOOD

G000

FOOR

MODERATE

FOOR

MODERATE

POGR

MODERATE

POOR
MODERATE
BOOR

MODERAYE
POOR

MODERATE

MGDERATE

MGDERATE

POCR

WODERATE

POOR

GOoD

GOCH
POOR

MODERATE

POOR

MODERATE

MODERATE

MODERATE.

MODERATE.

MODERATE

HODERATE

HODERATE

HWODERATE

MODERATE

POOR

FRAGTURED:

FRAGTURED

FRACTURED
FRACTURED

FRACTURED

FRACTURED

FRACTURED

FRACTURED

FRACTURED

FRAGTURED

FRACTURED

FRACTURED

FRAGTURED

FRAGTURED

FRAGTURED

LANEHATED

FRACTURED

FRACTURED

FRACTURED

LAKENATED

FRACTURED

FRAGTURED

FRACTURER
LAMENATED

LAMENATED

FRAGTURED

FRAGTURED

FRACTURED

PALE YELLOWISH
BROWN : 10YR 82
PALE YELLOWISH
BROVWH : 10YR 82

PALE YELLOVNSH
BROWN : 1I0YR 82
PALE YELLOVISH
BROWHN : 10YR 82

GRAYISH CRANGE ;
TOYR T4

GRAYISH ORANGE ;
YR T4

BRAYISH ORANGE ;
TavR 7

PALE YELLOVYISH
BROVWH : 10VR &2

FALE YELLOWISH
BROWHN : 10TH &7
PALE YELLOWISH
BROWH : 10VR 672

MODERATE
YELLOVWNSH BROWH :
T0YR 84

PALE YELLOWISH
BROWH : 107R &2

MODERATE.
YELLOWISH DROWAL
T0YR 54

MODERATE
YELLOWISH BROWH :
0YR 84

MOQERATE
YELLOWISH BROWM :
$0YR 54

MOODERATE
YELLOWISH BROWH :
YRS

MHIERATE
YELLOWISH BROWH :
10YR 84
PALEYELLOWIEH
BROVVH : 10VR &2

MODERATE
YELLOWISH BROWN :
10YR 84

ERATE
YElLGWISH BROWN :

MOD
TELL‘J‘MSHSRW{"
IDYRE

YEIlGWISH BROWN:
10VA B4

MODERATE
YELLOVASH BROWH
10VA B2

PALE YELLOWASH
EROVL: 10YR B2
LODERATE
YELLOYASH BROWH
10VR 5%

GRAYLEH ORANGE

MSODERATE
YELLOWISH BROWH
10YR 54

10YR 714

VERY PALE GRANGE ;
1BYR &7

GRAYISH GRANGE ;
YR T

GRAYISH ORANGE
10YR Tis

GRAYISH QRANGE |
10YR T4

GHAYISH ORANGE .
19¥R 74

HOUERATE
YELLCA'NSH BROARN :
1OYR 64

VERY PALE ORANGE ©
1R ar

HMODERATE
YELLOWASH BROVWN
107R S

HODERATE
YEELOWASH BROWN
10YR 54

MODERATE
YELLGWIEH BROWM ©
YR 5

VERY PALE ORANGE :
10YR A2

MODERATE
YELLOW{ISH BROVIN ¢
1OVR 54

MODERATE
YELLOWWISH BROWN ¢
10VR 54

MODERATE
YELLOWISH BROWH ¢
1DYR 5 4

VELLD“MSH BROWH :
10VR

\IER\‘ PALE OHAHGE :
MDD

VEILOW]SH BROWE
1GYR 84

MODERATE
YELLOWISH BROWH
1OVR 64

MODERATE.
YELEOWISH BROWH :
TOYR 84

MODERATE
YELLOWISH BROWH :
TOYR 54

MODERATE
YELLOWISH BRO'WH :
wm sf

'rEliU\‘-’lSH BROWH :

10YR 7#4

GRAYISH ORANGE ;
1OYR 74

MCDERATE
YELLOWASH BROY/H |
10YRES

ORAAKHLS

GQUARTZITE

CHERT

ORGANCS

CRAANCS

CRGAHCS

ORAANCS

CROARCS

ORGANCS




GEF-108
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DEF-108
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DEF-10a
DsF.10a

GEF.102
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=5
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aSF-108
QSF-108

OSF-108

©SF-108

OSF-103

asFiea

OSF-108
OSF-108

OSF-104
O5F.108

O5F.108

OSF.108

OSF-108

OSF-108

DSF-108

OSF-108

O5F-108

O5F-108

QSF-108

QEF-A08

DEF-108
DEFARA
DsFARA

o5

Q5F.108

L3

€838
€851

€654

613

&1

&8

£414

528

707

7074

70

711

TInt

7184

THTA

TI78

faa)

™z

2

L MODERATE YELLOYVISH BROWIN § 16YR 64: MeCROCRYSTALLING;
1T AND VUGAY PORDSITY: POOR INDURATION

DOLOST
852t HIGH PINI

DOLOSTOHE, MODERATE YELLOWISH BROYN ; 10VR 54; HiCROCRYETALLNE;
£53 8 MODERATE FINPONT AND VUOGY POROSTY; POOR INDURATION

DOLOSTONE, MODERATE YELLOWISH BROWN : 10YR 58/4; ECROGRYSTALLINE:
6853 HOH PINPOINT AND VUSQY FOROSITY; POOR INDURATION
E&S HO RECOVERY

DOAOSTONE; PALE YELLIAWISH BROVWN : 107R 8/2; \ECROCRYSTALLINE: LOWY
£55.4 FRNPONT AHD VUG Y PORCSITY, IACDERATE LIDURATION; ORGANCS
610 N0 RECOVERY

DOLOSTONE; GRAVISH ORANGE : f0YR 4, WWCROCRYSTALLEIE; MODERATE
11,1 FNPOINT PORDSIY; POOR INDYRATION; FRACTURED: CRGAITCS: LAWHATED
618 HO RECOVERY
DOLOSTONE; VERY PALE ORANGE ; 10YR &2, MCROCRYSTALLINE; MODTRATE
620 PiNPOMTE POROSITY] POOR INDURATION; FRAGTURED
DOLOSTONE; VERY PALE ORANGE : {0YR &2; WICROCRYSTALLINE: LOV{
6314 PINPORT PORCSITY; MOOERATE HIDURATICH
STONE; GRAYISH ORANGE : 10¥R 14, MICROCRYSTALLINE; MODERATE
32,9 PINPOINT PORCSHTY; MODERATE {HUURAYIOH
DSLOSTONE, GRAYISH ORAHGE 1 10YR W4, ICROCRYSTALLINE; MOOERATE
PINPONT AHD VUGEY POROSITY; MODERATE INDURATION; LAMENATED;
645 DROARKS
40 KO RECOVERY
OGLOSTONE; VERY PALE ORANGE : 10TR &2, ICROCRYSTALLINE; LOW
5508 PIPOINT POROETY; MODERATE [HDURATION

DOLOSTONE; MOTERATE YELLOWISH BROWIL : 10YR 5% :CROCRYSTALLINE,
556 MODERATE PitiPONT AHD MOLDIC FORGSITY; MODERATE HOURATICH
OCLOSTONE; GRAYISH ORALGE | 10VR 24 LECROCRYSTALUNE; LOW
5957 PINPOINT POROSITY; GOCD IMCURATION, FRACTURED

DELOSTONE; PALE YELLOWISH BROWIL : 10YR 62; MICHOCRYS TALUNE;
£97.5 MODERATE PINPONT, MOLDIC, AND VUGGY POROSTTY; GOQD INDURATION
OSTONE; PALE YELLQWISH BROUVAM : 10YR B2; MCROCRYSTALLINE; LOW
E93.2 FiHPONT PORGE(TY; GOOD IMDURATION
700 NO RECOVERY
TOLOSTONE; YERY PALE ORAKGE : 10YR A2; HICROCRYSTALLINE; LOW
704.7 PHPONT POROSITY, POOR [NDURATION
DOLOSTENE: QRAVISH ORANGE : 10VR 1/4; FECROCRYSTALUNE; LOW
703 FHPONT FORGSITY, POOR DURATION.
DOLOSTONE; GRAYISH ORANGE : 10YR 2/4; M‘CROCRYSTNJ.INE HIGH
HDURATIGH

BOLOSTONE; CRAVISH ORANGI 3 HIGH
PHPONT AN VWGHEY PORGSTTY; POOR LNDURATION; LA.'&HATED. ORGAHGS;
7055 FRACTURED

DOLOSTONE; MODERATE YELLOWISH BROM ; 1DYR 54, ATGROCRYSTALUMNE,
707 MODERATE PINPORT AND MGLDIC POROSITY; HODERATE INDURATION

DOLOSTGNE; MODERATE YELLOWISH BRI 2 10YR 54 MECROCRYSTALLINE;
TO7.6 LOWV PIPOTET BOROSITY; POCR INDURATIEN
DALOSTONE; GRAYISH ORANGE : 10YR 714, MCROCRYSTALLINE, LOW
110 PIRPONT AND MOLDIC POROSITY: POOR INDURATION, FRACTURED

DOLOSTOHE; PALE YELLO'WISH BROWH 1 10YR 472 MERGCRYSTALLRIE, LOVE

711.8 RNPOXT AND BOLDIC POROSTY: MODERATE INDURATION; FRACTURED
DOLOSTOHE; GRAYISH ORANGE : 1077 7/4; MICROCHYSTALLINE; LOYV/

T2 FHPONT POROSTY: FOOR INDURATION: LAVINATED, DRGANICS

GOLOSTONE, DARK YELLOVASH ORANRGE : 10TH &%, IMCHOCRYSTALLNE,
718.4 MODERATE PHIPGNT AND MOLDXC POROSITY: MODERATE DURATION

DOLOSTGHE, DARK YELLOWISH ORARGE : 107TR 6%, HCROCRYSTALLINE; 1O
TIT.4 FiRPGNT AND MOLDIC POROSITY: POOR RIDURATION
OSTCHE; GRAYISH ORANGE : 1GYR 744, MICROCRYSTALUNE: LOW
T17.8 PINPOINT PORDSITY; FOOR INDURATIOHN: LAVSHATED, ORGANICS

DOLOSTOHNE; DARK YELLOWISH ORAKGE ; 10TR &%; ICROCRYSTALLINE; HOH
7201 PINPONT AND MOLDIC PFOROSITY: MODERATE (HDURATION
DOLOSTONE; PALE YELLOVISH BROWN : 107R &2; MICROCRYSTALLINE;
7211 MODERATE PINPOIMT POROSITY; MODERATE INDURATION; FRACTURED
DOLOSTONE; PALE YELLOVASH BROAWN : 10TR 62; NECROCAVETALUINE; 1.0W
7217 FNPONT POROS(TY; MODERATE IMDURATION
DOLOSTONE; PALE YELLOVWISH BROWH : 107R 62; MECROCAYSTALUNE;
MODERATE PINPOMNT, MOLDIC, AND VUGGY POROSITY: MODERATE
7222 IWOURADION

DOLOSTONE; MODERATE YELLOWASH BROVI : 10YR B'Y; ReCROCRYSTALLINE;
723 HGH PHPOINT, MOLERG, AND VUGGY POROSITY: MIDERATE HOURATION

DOLOSTONE

DOLOSTONE

DOLOSTORE

DA GETONE

THROSTONE

DALDSTONE
DOLDSTONE

DOLOSTOHE

DOLOSTOHE

DOLOSTOHE

DOLGSTONE

DALGSTAGNE

DOLOSTONE

DELGSTORE

DOLGSTONE
DOAGSTORE

DIXOSTOHE

ODLOSTONE

" onlosTane

DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

DOLOSTONE

POLOSTOME

POLOSTOHE

POLOSTOHE

PAOSTAHE

30 Piti PONT - VUGS

20 Pitl POINT - VUGS

20 Bt FOINT - VUOBS

10 Pzl FOIT - VDS

20 P POINT - VUGS

26 PN POINT - VUGS
12 Pitf POINT - VUGS

20 PiN POINT - VUGS

29 PN POINT - VUGS

10 FiNPONT - VUGS

20 FiNPOINT - VUGR

10 PHPONT - VUGS

20 PINPONT - VUGS

10 PN POINT - YUGS

10 PINPOINT - VUGS
16 PINPOINT - VUGS

30 PIHPONT - WUGS

30 Pib| POMT -VUGE

20 P POIMT - VUGS

10 FiH POINT - VUGS

10 Fitt POIMT - VUGS

10 FIRPOHT - VUGS
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MODERAYE
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LANEHATED
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CREANCS
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8600 Oldbridge Lane
Orlando, FL 32819

mobile ph 407-733-8958

RMBAKER

WELL OSF-108R

UWI

OSF-108R

PROFESSIONAL LICENSES

Geologist PG2186

Licensed Geology Business

HEADER NOTES:

rob@rmbaker.com

www.rmbaker.com
COMP SFWMD
LOC FUNIE STEED RD
FLD KISSIMMEE AREA
CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
GDAT | WGS84 HDAT AR SE
SEC ELEV ELECTRIC

FLOWMETER
TWP V DAT WATER QUALITY
RGE SONIC
VIDEO
PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 04 Mar 21 TYPE FLUID IN HOLE WATER
RUN No 1 LOGGING SPEED (FT/MIN) 35
TYPE LOG CALIPER TROLLING DIRECTION upP
PUMPING RATE (GPM) N/A

DEPTH-DRILLER 365
DEPTH-LOGGER 366.45
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65

LOG CODES
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-Calculated annular volumes are based on casing OD of 8-inches set to 344 feet.

PROJECT NOTES:

Total Ann. Volume

CAL

Depth
1in:20ft

GAMM

435.93 |

cu.ft
Cumulated Ann. Volume (cu.ft)

30

IN
ANNULAR OD
IN

200

CPS

30

Interval Ann. Volume

20

cu.ft
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10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

120.0

130.0

140.0

150.0

160.0

170.0

180.0

190.0

200.0

210.0

220.0

/
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v

m. P\

\ |
\
\]

/
|

N
AW
/

431.61
426.36
421.1 s
a1 6.0d
a1 0.7?;
405.4b
4oo.:§2
395.5 1
389?585
384;‘164
37;55.49
3zfi .78
365.82
qsg.ss
553.56
;‘é47.54

/340.93
| 332.20

' 324.80

316.92
309.50

299.05

\Y)

v

\V4

\

\_ AV [ pma N

P an W

AWA

282.98
269.05
259.85
251.13
242.12
233.76
224.60
217.08
209.73
203.30
197.19
190.69
183.68
176.71
168.91
161.39
153.59
147.06
140.69
135.33




Y P 130.38
B T
230.0 e 126.58
g = 123.02
3 <
240.0 118.09
gi } 113.64
% 250.0 < 109.69
? > 106.57
3 4
260.0 102.91
g 99.11
2 S
970.0 { 94.23
% \ 89.36
? 280.0 83.62
§ 77.82
£ e
{ ( 66.20
é 300.0 60.31
f 55.10
}. 310.0 p 49.87
§ ; 44.88
} /
2 { 35.63
i 330.0 45 32.28
g 29.15
2 340.0 25.52
j L 21.86
'?) 350.0 16.24
§ =N 11.32
b '
360.0 > 5.67
0
cu.ft 20
Interval Ann. Volume
IN 30
ANNULAR OD Cumulated Ann. Volume (cu.ft)
0 CPS 200 4in-20ft IN 30 cu.ft 435.93
| . | i
GAMM Depth CAL Total Ann. Volume
NOTES:

While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths

surveyed.

The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.
If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186

END OF LOG




RMBAKER

8600 Oldbridge Lane
Orlando, FL 32819

mobile ph 407-733-8958
rob@rmbaker.com
www.rmbaker.com

WELL OSF-108R
UWI  OSF-108R

PROFESSIONAL LICENSES

Geologist PG2186

Licensed Geology Business

HEADER NOTES:

COMP SFWMD
LOC FUNIE STEED RD
FLD KISSIMMEE AREA
CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
GDAT | WGSB4 HDAT DUAL INGUGTION
SEC ELEV ELECTRIC
FLOWMETER
TWP V DAT WATER QUALITY
RGE SONIC
VIDEO

PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 04 Mar 21 TYPE FLUID IN HOLE WATER
RUN No 1 LOGGING SPEED (FT/MIN) 30
TYPE LOG ELECTRIC+DUIN TROLLING DIRECTION UP

PUMPING RATE (GPM) N/A
DEPTH-DRILLER 365
DEPTH-LOGGER 366.45
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65
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750
750

IDC
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200 0

R8
R32
RLN

OHMM
OHMM
OHMM
OHMM

repeat designation

deep induction conductivity
shallow induction conductivity
sonic porosity (RHG method)

sonic interval velocity
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R8
R32
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ILM
200 0

ILD
ILM

LOG CODES

OHMM
OHMM

long normal resistivity

8 inch resistivity

32 inch resistivity
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shallow induction resistivity

0
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" 1in:20ft
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200
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240
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DGAMM
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mV
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EGAMM

natural gamma (CPS)
spontaneous potential
single point resistance
short normal resistivity

3-arm caliper
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z:"'x‘
= . 340.0
S
B T
Ps ! [ = T
: 350.0 S
35 ]
. . 360.0
# g S5 T3 -
CPS 200 0 750
] L
EGAMM RLN
OHM 240 0 OHMM 750
RES ' R32
mv 1000 0 OHMM 200 0 OHMM 750
i : o 1
ESP ILM RSN
CPS 200 40t O OHMM 200 0 OHMM 750
DGAMM Depth ILD RS

NOTES:
While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths

surveyed.
The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.
If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186

END OF LOG




8600 Oldbridge Lane
Orlando, FL 32819

mobile ph 407-733-8958
rob@rmbaker.com
www.rmbaker.com

RMBAKER

WELL OSF-108R

UWI

OSF-108R

PROFESSIONAL LICENSES

Geologist PG2186

Licensed Geology Business

HEADER NOTES:

COMP SFWMD
LOC FUNIE STEED RD
FLD KISSIMMEE AREA
CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
GoT | WosHH S o
SEC ELEV ELECTRIC
FLOWMETER
TWP V DAT WATER QUALITY
RGE SONIC
VIDEO
PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 04 Mar 21 TYPE FLUID IN HOLE WATER
RUN No 1 LOGGING SPEED (FT/MIN) 30
TYPE LOG FLOWMETER TROLLING DIRECTION BOTH
PUMPING RATE (GPM) N/A
DEPTH-DRILLER 365
DEPTH-LOGGER 366.45
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65

PROJECT NOTES:

-The spinner rate curves deflect to the positive direction with increasing flow from the well.

-The spinner rate curves are not corrected for borehole diameter.

-Formational flow was detected below 120 feet, upward from the bottom.
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0 ft/min 60 qingon 10 IN 30 0 CPS 200 500 RPM 1000
1 T L}
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NOTES:

While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths
surveyed.

The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.

If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186

END OF LOG




8600 Oldbridge Lane
Orlando, FL 32819

mobile ph 407-733-8958
rob@rmbaker.com
www.rmbaker.com

BRMBAKER

mmo\oS\ and Geophysics

WELL OSF-108R

UWI

OSF-108R

PROFESSIONAL LICENSES

Geologist PG2186

Licensed Geology Business

HEADER NOTES:

COMP SFWMD
LOC FUNIE STEED RD
FLD KISSIMMEE AREA
CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
GDAT | WGSB4 HDAT DUAL INGUGTION
SEC ELEV ELECTRIC
FLOWMETER
TWP V DAT WATER QUALITY
RGE SONIC
VIDEO

PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 04 Mar 21 TYPE FLUID IN HOLE WATER
RUN No 1 LOGGING SPEED (FT/MIN) 13
TYPE LOG SONIC TROLLING DIRECTION UP

PUMPING RATE (GPM) N/A
DEPTH-DRILLER 365
DEPTH-LOGGER 366.45
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65
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NOTES:

While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths
surveyed.

The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.

If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186
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CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
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SEC ELEV ELECTRIC

FLOWMETER
TWP V DAT WATER QUALITY
RGE SONIC
VIDEO
PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 04 Mar 21 TYPE FLUID IN HOLE WATER
RUN No 1 LOGGING SPEED (FT/MIN) 30
TYPE LOG WATER QUALITY TROLLING DIRECTION DOWN
PUMPING RATE (GPM) N/A

DEPTH-DRILLER 365
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DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65
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NOTES:

While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,

warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths
surveyed.

The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.
If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186

END OF LOG
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PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 09 Jul 21 TYPE FLUID IN HOLE WATER
RUN No 1 LOGGING SPEED (FT/MIN) 40
TYPE LOG CALIPER TROLLING DIRECTION uUP
PUMPING RATE (GPM) N/A
DEPTH-DRILLER 2020
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RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
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NOTES:
While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths

surveyed.
The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.
If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186
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PROV FL
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LATI X ALL SERVICES:
LONG Y CALIPER
GDAT | WGSs4 HDAT AR SA
SEC ELEV ELECTRIC
TWP V DAT WATER QUALITY
RGE
PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 09 Jul 21 TYPE FLUID IN HOLE WATER
RUN No 1 LOGGING SPEED (FT/MIN) 35
TYPE LOG ELECTRIC + DUIN TROLLING DIRECTION uP

PUMPING RATE (GPM) N/A

DEPTH-DRILLER 2020
DEPTH-LOGGER 2022.3
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65
2 3.9 730 2022.3 3 TEMP 0 730
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NOTES:

While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths

surveyed.



e geopliysitdal Well 10gs SHOW subDsuliate CONUILUOTNS ds tiey eXisied dl e Uales alll 10Catlorns stiOwr, allQ it is 11Ot Waltdinted tiat ey alc represciilalive OF subsuliate CONnaitons at otrer 10Cations arla uimes.
If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186
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COMP SFWMD
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FLD KISSIMMEE AREA
CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
GDAT | WGSs4 HDAT AR SA
SEC ELEV ELECTRIC
TWP V DAT WATER QUALITY
RGE
PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 09 Jul 21 TYPE FLUID IN HOLE WATER
RUN No 1 LOGGING SPEED (FT/MIN) 35
TYPE LOG WATER QUALITY TROLLING DIRECTION DOWN

PUMPING RATE (GPM) N/A

DEPTH-DRILLER 2020
DEPTH-LOGGER 2022.3
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65
2 3.9 730 2022.3 3 TEMP 0 730

WATER QUALITY LOG CODES
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NOTES:
While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths

surveyed.
The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.
If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186
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GAMMA RAY (API)-CALIPER
OSF-108

T2
=il
COMPANY : HUSS DRILLING
WELL : OSF-108
WELL EXT
FIELD
COUNTY : OSCEOLA
2 STATE : FLORIDA
m COUNTRY : ——-
A APTI NO.
oM © m < °
Ao a UNIQ ID : NONE
o’ 2
9 & 9g ! SECTION: TOWNSHIP: RANGE :
WO, ORI LOCATION : KISSISSMMEE
m % s X o | LAT GPS UTM
mLmemmn LON GPS UTM
HHAdMH P H
(o] m W HOHO M
3] WO ®nO DISPLAY7 JL56
PERMANENT DATUM MSL Elevations: Other Services:
DRL MEASURED FROM CASE KB FT| 8711
LOG MEASURED FROM CASE DF FT| 9320
ELEV. PERM. DATUM FT | GL FT
DATE TIME
DEPTH DRILLER 2020 FT
DEPTH LOGGER 2020 FT
FIRST READING FT
LAST READING FT
BIT SIZE |6 IN
CASING —- DRILLER| 728 FT
CASING —- LOGGER FT
CASING O.D. 6 IN
CASING TYPE PVC
FLUID TYPE FOR
FLUID DENSITY LB/GAL
FLUID VISCOSITY
FLUID PH
MUD SOURCE
RM @ MEAS TEMP @ F
RMF @ MEAS TEMP @ F
RMC @ MEAS TEMP Q@ F
CIRC STOPPED
RIG NUMBER
RECORDED BY AFB
WITNESSED BY KEVIN
REMARKS 1 COMPLETION
REMARKS 2
REMARKS 3

ALL SERVICES

PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS




GAMMA CALIPER FEET
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TOOL CALIBRATION
TOOL 9074A1
SERIAL 3158

DATE TIME

Jullé6, 19 11:01:
Jullé6, 19 11:04:
Mar09, 21 10:51:
Jullé6, 19 11:00:

OSF-108

03
12
18
52

SENSOR

GAMMA
CALIPER
CALIPERL
CALIPERX

09/14/21 14:49
TM VERSION 2004

[API-GR]
[INCH]
[INCH]
[cPS]

STANDARD
Pointl

1.000
4.000
8.000
Default

Point2

340.000
6.000
23.000
Default

RESPONSE [CPS]

Pointl Point2
0.000 365
69017 85360
82709 166401

Default Default




ABS & - GAMMA RAY-LSN (16-64)
ol OSF-108

T2
L=
COMPANY : HUSS DRILLING
WELL : OSF-108
WELL EXT
FIELD
COUNTY : OSCEOLA
2 STATE : FLORIDA
m COUNTRY : ——-
A APTI NO.
oM © m < °
Ao a UNIQ ID : NONE
a7 B2
9 & 9g ! SECTION: TOWNSHIP: RANGE :
WO, ORI LOCATION : KISSISSMMEE
m % s X o | LAT GPS UTM
mLmemmn LON GPS UTM
HHAdMH P H
(o] m W HOHO M
3] WO ®nO DISPLAY7 JL56
PERMANENT DATUM MSL Elevations: Other Services:
DRL MEASURED FROM CASE KB FT| 8711
LOG MEASURED FROM CASE DF FT| 9320
ELEV. PERM. DATUM FT | GL FT
DATE TIME
DEPTH DRILLER 2020 FT
DEPTH LOGGER 2020 FT
FIRST READING FT
LAST READING FT
BIT SIZE |6 IN
CASING —- DRILLER| 728 FT
CASING ——- LOGGER | 728 FT
CASING O.D. 6 IN
CASING TYPE PVC
FLUID TYPE FOR
FLUID DENSITY LB/GAL
FLUID VISCOSITY
FLUID PH
MUD SOURCE
RM @ MEAS TEMP @ F
RMF @ MEAS TEMP @ F
RMC @ MEAS TEMP Q@ F
CIRC STOPPED
RIG NUMBER
RECORDED BY AFB
WITNESSED BY KEVIN
REMARKS 1 COMPLETION
REMARKS 2
REMARKS 3

ALL SERVICES PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS
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TOOL CALIBRATION
TOOL 8044A
SERIAL 938

DATE TIME

Jan03, 03 02:49:
Mar25, 20 11:04:
Augl7,14 12:00:
Feb02, 20 14:59:
Feb02, 20 15:00:
Sep29,19 18:57:
Augl7,14 10:39:

OSF-108
TM VERSION 2003

05
13
23
18
15
40
11

SENSOR

GAMMA
RES (FL)
SP

RES (16N)
RES (64N)
TEMP
RES

09/14/21 09:03

[API-GR]
[OHM-M]
[MV]
[OHM-M]
[OHM-M]
[DEG-F]
[OHM]

STANDARD
Pointl

0.001
15.450
0.000
0.000
0.000
71.700
0.000

Point2

180.
.290
395.
1996.
1990.
86.
988.

000

000
000
000
100
000

RESPONSE [CPS]

Pointl Point2
0.000 169
30214 16551
59670 23612

4010 103211
4089 103487
63355 57070
9855 58788




BHC ACOUSTIC-VDL
OSF-108

T2
L=
COMPANY : HUSS DRILLING
WELL : OSF-108
WELL EXT
FIELD
COUNTY : OSCEOLA
2 STATE : FLORIDA
m COUNTRY : ——-
A APTI NO.
oM © m < °
Ao a UNIQ ID : NONE
a7 B2
9 & 9g ! SECTION: TOWNSHIP: RANGE :
WO, ORI LOCATION : KISSISSMMEE
m % s X o | LAT GPS UTM
mLmemmn LON GPS UTM
HHAdMH P H
(o] m W HOHO M
3] WO ®nO DISPLAY7 JL56
PERMANENT DATUM MSL Elevations: Other Services:
DRL MEASURED FROM CASE KB FT| 8711
LOG MEASURED FROM CASE DF FT| 9320
ELEV. PERM. DATUM FT | GL FT
DATE TIME
DEPTH DRILLER 2020 FT
DEPTH LOGGER 2020 FT
FIRST READING FT
LAST READING FT
BIT SIZE |6 IN
CASING —- DRILLER| 728 FT
CASING ——- LOGGER | 728 FT
CASING O.D. 6 IN
CASING TYPE PVC
FLUID TYPE FOR
FLUID DENSITY LB/GAL
FLUID VISCOSITY
FLUID PH
MUD SOURCE
RM @ MEAS TEMP @ F
RMF @ MEAS TEMP @ F
RMC @ MEAS TEMP Q@ F
CIRC STOPPED
RIG NUMBER
RECORDED BY AFB
WITNESSED BY KEVIN
REMARKS 1 COMPLETION
REMARKS 2
REMARKS 3

ALL SERVICES PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS
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100 USEC 800
TIME(N)

100 USEC 800
TIME(F)

-100 PERCENT 100

POR(SON) LS

1950
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FEET

300 USEC/FT 100
BHC-DELT -18 SONIC(N) 477
300 USEC/FT
DELTAT



TOOL CALIBRATION OSF-108 09/14/21 10:23

TOOL 9320A2 TM VERSION 4003
SERIAL 667 STANDARD RESPONSE [CPS]
DATE TIME SENSOR Pointl Point2 Pointl Point2

1 Aprl2, 99 15:12:30 GAMMA [CPS] Default Default Default Default




FLOW-STATIC WELL
OSF-108

T2
=il
COMPANY : HUSS DRILLING
WELL : OSF-108
WELL EXT
FIELD
COUNTY : OSCEOLA
2 STATE : FLORIDA
m COUNTRY : ——-
A APTI NO.
oM © m < °
Ao a UNIQ ID : NONE
o’ 2
9 & 9g ! SECTION: TOWNSHIP: RANGE :
WO, ORI LOCATION : KISSISSMMEE
m % s X o | LAT GPS UTM
mLmemmn LON GPS UTM
HHAdMH P H
(o] m W HOHO M
3] WO ®nO DISPLAY7 JL56
PERMANENT DATUM MSL Elevations: Other Services:
DRL MEASURED FROM CASE KB FT| 8711
LOG MEASURED FROM CASE DF FT| 9320
ELEV. PERM. DATUM FT | GL FT
DATE TIME
DEPTH DRILLER 2020 FT
DEPTH LOGGER 2020 FT
FIRST READING FT
LAST READING FT
BIT SIZE |6 IN
CASING —- DRILLER| 728 FT
CASING —- LOGGER FT
CASING O.D. 6 IN
CASING TYPE PVC
FLUID TYPE FOR
FLUID DENSITY LB/GAL
FLUID VISCOSITY
FLUID PH
MUD SOURCE
RM @ MEAS TEMP @ F
RMF @ MEAS TEMP @ F
RMC @ MEAS TEMP Q@ F
CIRC STOPPED
RIG NUMBER
RECORDED BY AFB
WITNESSED BY KEVIN
REMARKS 1 COMPLETION
REMARKS 2
REMARKS 3

ALL SERVICES PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS
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P
ABS | ©. FLOW STATIONS STATIC
¥
. o &
{5 OSF-108
&..“W
COMPANY : HUSS DRILLING
WELL : OSF-108
WELL EXT
FIELD
COUNTY : OSCEOLA
2 STATE : FLORIDA
m COUNTRY : ——-
A APTI NO.
oM © m < °
Ao a UNIQ ID : NONE
o’ 2
9 & 9g ! SECTION: TOWNSHIP: RANGE :
WO, ORI LOCATION : KISSISSMMEE
m % s X o | LAT GPS UTM
mLmemmn LON GPS UTM
HHAdMH P H
(o] m W HOHO M
3] WO ®nO DISPLAY7 JL56
PERMANENT DATUM MSL Elevations: Other Services:
DRL MEASURED FROM CASE KB FT| 8711
LOG MEASURED FROM CASE DF FT| 9320
ELEV. PERM. DATUM FT | GL FT
DATE TIME
DEPTH DRILLER 2020 FT
DEPTH LOGGER 2020 FT
FIRST READING FT
LAST READING FT
BIT SIZE |6 IN
CASING —- DRILLER| 728 FT
CASING ——- LOGGER | 728 FT
CASING O.D. 6 IN
CASING TYPE PVC
FLUID TYPE FOR
FLUID DENSITY LB/GAL
FLUID VISCOSITY
FLUID PH
MUD SOURCE
RM @ MEAS TEMP @ F
RMF @ MEAS TEMP @ F
RMC @ MEAS TEMP Q@ F
CIRC STOPPED
RIG NUMBER
RECORDED BY AFB
WITNESSED BY KEVIN
REMARKS 1 COMPLETION
REMARKS 2
REMARKS 3

ALL SERVICES

PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS




FLOW STA 715 OSF-108

LOG PARAMETERS
MATRIX DENSITY : 271 NEUTRON MATRIX : DOLOMITE MATRIX DELTA T : 54
MAGNETIC DECL : 0 ELECT. CUTOFF  :2500 BIT SIZE 16 IN
PRESENTATION : FLOWSTATIONS.O -- 09/15/2021 DISPLAY7_JL56




DFLOW

CPS

750

CPS

750

DFLOW

MIN

MIN




FLOW STAS 800 OSF-108 800

LOG PARAMETERS
MATRIX DENSITY : 2.71  NEUTRON MATRIX : LIMESTONE ~ MATRIX DELTAT: 161
MAGNETIC DECL : 0 ELECT. CUTOFF  :99999 BIT SIZE 16 IN
PRESENTATION : FLOWSTATIONS.O -- 09/15/2021 DISPLAY7_JL56




DFLOW
oPS 2500

=X
J 2
=t
=
<

oPS 2500
DFLOW

MIN

MIN




FLOW STAS 1400 OSF-108 1400

LOG PARAMETERS
MATRIX DENSITY : 2.71  NEUTRON MATRIX : LIMESTONE ~ MATRIX DELTAT: 161
MAGNETIC DECL : 0 ELECT. CUTOFF  :99999 BIT SIZE 16 IN
PRESENTATION : FLOWSTATIONS.O -- 09/15/2021 DISPLAY7_JL56




DFLOW

CPS

2500

NV—

CPS

2500

DFLOW

MIN

MIN




FLOW STAS 1510 None

LOG PARAMETERS
MATRIX DENSITY : 2.71  NEUTRON MATRIX : Dolomite MATRIX DELTA T : 54
MAGNETIC DECL : 0 ELECT. CUTOFF  :2500 BIT SIZE 16 IN
PRESENTATION : FLOWSTATIONS.O -- 09/15/2021 DISPLAY7_JL56




DFLOW

CPS

2500

CPS

2500

DFLOW

MIN

MIN




FLOW STAS 1660 OSF-108 1775

LOG PARAMETERS
MATRIX DENSITY : 2.71  NEUTRON MATRIX : LIMESTONE ~ MATRIX DELTAT: 161
MAGNETIC DECL : 0 ELECT. CUTOFF  :99999 BIT SIZE 16 IN
PRESENTATION : FLOWSTATIONS.O -- 09/15/2021 DISPLAY7_JL56




DFLOW

CPS

2500

CPS

2500

DFLOW
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FLOW STAS 1775 OSF-108 1775

LOG PARAMETERS
MATRIX DENSITY : 2.71  NEUTRON MATRIX : LIMESTONE ~ MATRIX DELTAT: 161
MAGNETIC DECL : 0 ELECT. CUTOFF  :99999 BIT SIZE 16 IN
PRESENTATION : FLOWSTATIONS.O -- 09/15/2021 DISPLAY7_JL56




DFLOW

CPS

2500

CPS

2500

DFLOW

MIN

MIN




FLOW STAS 1850 OSF-108 1850

LOG PARAMETERS
MATRIX DENSITY : 2.71  NEUTRON MATRIX : LIMESTONE ~ MATRIX DELTAT: 161
MAGNETIC DECL : 0 ELECT. CUTOFF  :99999 BIT SIZE 16 IN
PRESENTATION : FLOWSTATIONS.O -- 09/15/2021 DISPLAY7_JL56
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FLOW STAS 1895 OSF-108 1895

LOG PARAMETERS
MATRIX DENSITY : 2.71  NEUTRON MATRIX : LIMESTONE ~ MATRIX DELTAT: 161
MAGNETIC DECL : 0 ELECT. CUTOFF  :99999 BIT SIZE 16 IN
PRESENTATION : FLOWSTATIONS.O -- 09/15/2021 DISPLAY7_JL56
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FLOW STAS 2014 OSF-108 2014

LOG PARAMETERS
MATRIX DENSITY : 271 NEUTRON MATRIX : LIMESTONE ~ MATRIX DELTAT: 140
MAGNETIC DECL : 0 ELECT. CUTOFF  :99999 BIT SIZE 16 IN
PRESENTATION : FLOWSTATIONS.O -- 09/15/2021 DISPLAY7_JL56
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8600 Oldbridge Lane
Orlando, FL 32819
mobile ph 407-733-8958

rob@rmbaker.com
www.rmbaker.com

RMBAKER
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UWI

OSF-108R

PROFESSIONAL LICENSES

Geologist PG2186

Licensed Geology Business

HEADER NOTES:
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STAT FL

PROV FL

CTRY USA
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LONG Y CALIPER
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WATER QUALITY

TWP V DAT FLOWMETER
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PERMANENT DATUM:

LOG MEASURED FROM: GROUND SURFACE

DRILLING MEASURED FROM:

DATE 08 SEP 21 TYPE FLUID IN HOLE WATER
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TYPE LOG WATER QUALITY TROLLING DIRECTION DOWN
PUMPING RATE (GPM) N/A

DEPTH-DRILLER 2020

DEPTH-LOGGER 2020.5

DRILLER HUSS DRILLING

RECORDED BY RMB

SRVC RMBAKER LLC API N/A

WITNESSED BY SFWMD LIC N/A

RUN BOREHOLE RECORD CASING RECORD

NO. BIT FROM TO SIZE MAT. FROM TO

1 12 65 366 16 STEEL 0 65

2 5.875 728.7 2020.5 6 TEMP 0 728.7

WATER QUALITY LOG CODES
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NOTES:

While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths
surveyed.

The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.

If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186

END OF LOG




8600 Oldbridge Lane
Orlando, FL 32819

mobile ph 407-733-8958

rob@rmbaker.com
www.rmbaker.com

RMBAKER

WELL OSF-108R

UWI

OSF-108R

PROFESSIONAL LICENSES

Geologist PG2186

Licensed Geology Business

HEADER NOTES:

COMP SFWMD
LOC FUNIE STEED RD
FLD KISSIMMEE AREA
CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
GDAT | WGS84 HDAT AT R GAMMA
SEC ELEV WATER QUALITY
FLOWMETER
TWP V DAT SONIC
RGE
PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 28 SEP 21 TYPE FLUID IN HOLE WATER
RUN No 2 LOGGING SPEED (FT/MIN) 40
TYPE LOG CALIPER TROLLING DIRECTION UP
PUMPING RATE (GPM) N/A
DEPTH-DRILLER 715
DEPTH-LOGGER 713.5
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65
2 7.875 341 713.5 8 STEEL 0 341
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NOTES:
While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths

surveyed.
The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.
If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186

END OF LOG
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Orlando, FL 32819 Geologist PG2186 i
mobile U—.._ 407-733-8958 Licensed Geology Business “
HEADER NOTES: = = )
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= =] () )
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NOTES:
While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths

surveyed.
The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.

If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186

END OF LOG




8600 Oldbridge Lane
Orlando, FL 32819

mobile ph 407-733-8958

rob@rmbaker.com
www.rmbaker.com

RMBAKER

WELL OSF-108R

UWI

OSF-108R

PROFESSIONAL LICENSES

Geologist PG2186

Licensed Geology Business

HEADER NOTES:

COMP SFWMD
LOC FUNIE STEED RD
FLD KISSIMMEE AREA
CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
GDAT | WGS84 HDAT AT R GAMMA
SEC ELEV WATER QUALITY
FLOWMETER
TWP V DAT SONIC
RGE
PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 28 SEP 21 TYPE FLUID IN HOLE WATER
RUN No 2 LOGGING SPEED (FT/MIN) 40
TYPE LOG CALIPER TROLLING DIRECTION UP
PUMPING RATE (GPM) N/A
DEPTH-DRILLER 715
DEPTH-LOGGER 713.5
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65
2 7.875 341 713.5 8 STEEL 0 341
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NOTES:
While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,

warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths
surveyed.

The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.

If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186

END OF LOG




8600 Oldbridge Lane
Orlando, FL 32819

mobile ph 407-733-8958

rob@rmbaker.com
www.rmbaker.com

RMBAKER

Geology and Geophysics

WELL OSF-108R

UWI

OSF-108R

PROFESSIONAL LICENSES

Geologist PG2186

Licensed Geology Business

HEADER NOTES:

COMP SFWMD
LOC FUNIE STEED RD
FLD KISSIMMEE AREA
CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
GDAT | WGS84 HDAT AT R GAMMA
SEC ELEV WATER QUALITY
FLOWMETER
TWP V DAT SONIC
RGE
PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 28 SEP 21 TYPE FLUID IN HOLE WATER
RUN No 2 LOGGING SPEED (FT/MIN) 14
TYPE LOG SONIC TROLLING DIRECTION UP
PUMPING RATE (GPM) N/A
DEPTH-DRILLER 715
DEPTH-LOGGER 713.5
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65
2 7.875 341 713.5 8 STEEL 0 341
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NOTES:

While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths

surveyed.

The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.
If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186

END OF LOG
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8600 Oldbridge Lane
Orlando, FL 32819

mobile ph 407-733-8958

RMBAKER

Geology and Geophysics

WELL OSF-108R

UWI

OSF-108R

PROFESSIONAL LICENSES

Geologist PG2186

Licensed Geology Business

HEADER NOTES:

rob@rmbaker.com

www.rmbaker.com
COMP SFWMD
LOC FUNIE STEED RD
FLD KISSIMMEE AREA
CNTY OSCEOLA
STAT FL
PROV FL
CTRY USA
LATI X ALL SERVICES:
LONG Y CALIPER
GDAT | WGS84 HDAT AT R GAMMA
SEC ELEV WATER QUALITY

FLOWMETER
TWP V DAT SONIC
RGE
PERMANENT DATUM:
LOG MEASURED FROM: GROUND SURFACE
DRILLING MEASURED FROM:
DATE 28 SEP 21 TYPE FLUID IN HOLE WATER
RUN No 2 LOGGING SPEED (FT/MIN) 30
TYPE LOG WATER QUALITY TROLLING DIRECTION DOWN
PUMPING RATE (GPM) 900

DEPTH-DRILLER 715
DEPTH-LOGGER 713.5
DRILLER HUSS DRILLING
RECORDED BY RMB
SRVC RMBAKER LLC API N/A
WITNESSED BY SFWMD LIC N/A
RUN BOREHOLE RECORD CASING RECORD
NO. BIT FROM TO SIZE MAT. FROM TO
1 12 65 366 16 STEEL 0 65
2 7.875 341 713.5 8 STEEL 0 341

WATER QUALITY LOG CODES
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NOTES:

While due care has been exercised in the performance of these measurements and observations, in accordance with methodologies utilized by the general practitioner, RMBAKER LLC can make no representations,
warranties, or guarantees with respect to latent or concealed conditions that may exist, which may be beyond the detection capabilities of the methodologies used, or that may extend beyond the areas and depths

surveyed.

The geophysical well logs show subsurface conditions as they existed at the dates and locations shown, and it is not warranted that they are representative of subsurface conditions at other locations and times.

If, at any time, different subsurface conditions from those observed are determined to be present, we must be advised and allowed to review and revise our observations if necessary.

Florida Geology Business Licenced by PG2186
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APPENDIX E:
OPTICAL BORE