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EXECUTIVE SUMMARY

As part of the Central Florida Water Initiative (CFWI; www.cfwiwater.com), the 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) known as the Lower Floridan aquifer (LFA). Consequently, 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 and increase understanding of the LFA as an alternative water supply source. This report documents
one component of that work plan: the exploratory drilling and construction of monitor well OSF-112,
located at the S61 Locks site in Osceola County, Florida.

Exploratory drilling at this site reached a maximum depth of 1,400 feet below land surface (ft bls). Work
at the S61 Locks site included wire-line coring, geophysical logging, hydraulic testing, 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.

Hydrogeologic boundaries for the Avon Park permeable zone (APPZ) and middle confining unit (MCU)
were the most affected by the results of this investigation. The base of the APPZ was identified substantially
higher (248 ft) than expected based on previous regional hydrogeologic investigations. The MCU was found
to be much more confining than anticipated at this location. It included more than 200 ft of very
low-permeability evaporites and evaporitic dolostone rock (MCU_II). Interpolation of previously available
data predicted the absence of MCU_II at this location. Leakance across MCU_II is one to two orders of
magnitude lower than MCU_I, which was anticipated. The S61 Locks site is less than 5 miles from the
north end of the Toho Water Authority’s (TWA) proposed Cypress Lakes wellfield, which is to be
completed in the LFA. Although the TWA did not report the presence of MCU_II in its exploratory
boreholes, the extent of its occurrence in OSF-112 makes it likely that some portion of MCU_II extends
into the cone of influence for the proposed wellfield.

Water quality samples were obtained with depth via packer testing as the OSF-112 borehole was advanced
through the FAS. The samples indicated freshwater existed to a depth of 570 ft bls (base of the APPZ).
From 570 ft bls to the top of the LFA (approximately 1,260 ft bls), total dissolved solids (TDS)
concentrations increased from less than 200 milligrams per liter (mg/L) to more than 2,300 mg/L, with the
salinity derived primarily from sulfate rather than chloride. At the top of the LFA, salinity abruptly dropped
and TDS was very close to the drinking water standard (500 mg/L). This deep zone of fresher water was
chemically distinct from the waters above 570 ft bls and greatly enriched in multiple ions, particularly
sodium and chloride.

The most permeable sections of the FAS are associated with post-depositional fracturing or dissolution of
the carbonate rock, which makes permeability within the FAS highly variable. Formation permeability,
represented by hydraulic conductivity (k), was estimated from each packer test (30-ft intervals). The major
hydrostratigraphic units from shallowest to deepest, yielded the following estimates for k: UFA-upper
(k = 10 to 33 ft/day), OCAPIpz (k = 3 to 6 ft/day), APPZ (k = >1,000 ft/day in fractured intervals), MCU _|
(k = 2 to 22 ft/day), MCU_II (k = <0.1 ft/day), and LFA-upper (k = 21 to 293 ft/day).

Upon completion of the exploratory coring and testing, the corehole was backplugged to a depth of
595 ft bls and completed as a permanent APPZ monitor well (OSF-112). The adjacent, previously existing
but inactive monitor well (OSF-53), originally constructed with a long open-hole interval, was modified to
discretely monitor the uppermost permeable zone of the FAS (UFA-upper). The modified monitor well is
designated OSF-53R.
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INTRODUCTION

The South Florida Water Management District (SFWMD or District) has been working cooperatively with
the Southwest Florida and St. Johns River water management districts, 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;
www.cfwiwater.com), the 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, 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. This report documents one component of that work plan: the exploratory drilling and monitor well
construction at the S61 Locks site (28.139914, -81.351177).

The S61 Locks site is located in Osceola County, on the east bank of the C-35 Canal right-of-way at the
southern shore of Lake Tohopekaliga (Figure 1). Wells OSF-53, OSF53_GW1, and OSF53_GW?2 were
present at this location prior to this project. OSF-53 was drilled by the SFWMD in 1982 as part of a
hydrogeologic reconnaissance study of the Kissimmee Planning Area (Shaw and Trost 1984). The well was
cased to 170 feet below land surface (ft bls), near the top of the FAS, and left open to the total drilled depth
of 980 ft bls. From the time of construction until September 2011, water levels in OSF-53 were measured
semiannually as part of the United States Geological Survey state-wide potentiometric mapping effort for
the Upper Floridan aquifer (UFA). Surficial aquifer system (SAS) wells OSF53_GW1 and OSF53_GW2
were constructed in 2000 as part of the SFWMD Paired Wells project, investigating interconnectivity
between the SAS and FAS. These three wells were instrumented with pressure transducers and telemetry
connected to a supervisory control and data acquisition (SCADA) system and continuously monitored by
the SFWMD from November 2000 to August 2007. In need of repair, the SCADA system was deactivated
in 2007.

Project Objectives
Hydrogeologic data collection:
1. Evaluate the lithology, productivity, and water quality of the FAS to a depth of 1,400 ft bls.

2. ldentify key hydrogeologic unit boundaries from the top of the Avon Park permeable zone (APPZ)
to the top of the Lower Floridan aquifer (LFA).

3. Determine whether and to what extent the evaporitic facies of the middle confining unit (MCU_II)
is present at this site.

Monitoring objectives:

1. Backfill the long, open hole of OSF-53 to discretely monitor the UFA above the Ocala-Avon Park
low-permeability zone (OCAPIpz).

2. Construct a new well (OSF-112) from the exploratory corehole to discretely monitor the APPZ.

3. Reactivate the on-site SCADA system to resume water level measurements.


http://www.cfwiwater.com/
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Figure 1.  Location of monitor wells and general location (inset) of the S61 Locks site within the
Central Florida Water Initiative Planning Area (red boundary).



EXPLORATORY CORING AND WELL CONSTRUCTION

The SFWMD contracted with Huss Drilling, Inc. for exploratory coring, packer testing, and monitor well
construction services in August 2017 (CN#4600003686). Huss mobilized a GEFCO 1500 Hole Master
drilling rig to the S61 Locks site in October 2017 and commenced construction of exploratory well
OSF-112.

The borehole was sampled using the ASTM D-1586-99 continuous split-barrel standard penetration test
(SPT) method to a depth of 60 ft bls, where increasing clay content indicated the base of the SAS. At this
point, the hole was reamed via mud-rotary drilling to a diameter of 16 inches. Sixty feet of 12-inch diameter
polyvinyl chloride (PVC) surface casing was set in the borehole and grouted to land surface.

A nominal 4-inch diameter pilot hole was advanced via mud-rotary drilling from the base of the surface
casing to a depth of 169 ft bls. Rock cuttings from the pilot hole were used to identify the top of the FAS
and a suitable casing seat for an 8-inch diameter conductor casing to prevent influx of unconsolidated
material from the intermediate confining unit during coring operations. The top of the FAS was identified
at 155 ft bls. The borehole was reamed to a nominal 12-inch diameter, and geophysical logs (caliper,
gamma, normal resistivity, and sonic porosity) were run in the mudded borehole. The 8-inch PVC conductor
casing was set at 169 ft bls and grouted to land surface.

From October 23, 2017 to January 5, 2018, a nominal 4-inch hole was advanced using wire-line core drilling
in 10-ft increments to a total depth of 1,400 ft bls. The core barrel, equipped with a Boart Longyear HQ
series bit, yielded 2.5-inch diameter rock cores. Thirty-eight single (off-bottom) packer tests were
conducted during coring operations, at intervals ranging from 20 to 50 ft. Upon achieving final depth,
geophysical logs (caliper, gamma, normal resistivity, fluid temperature/conductivity, down-hole video, and
optical borehole image [OBI]) were run in the corehole. Based on the log and testing results, the base of
the APPZ was identified at 595 ft bls and selected as the final completed depth for the well. The well was
backfilled from total depth to 595 ft with a combination of neat cement grout and gravel to bridge productive
zones within the upper portion of the LFA. The interval from the top of the conductor casing to the top of
the APPZ (430 ft bls) was reamed to a nominal 8 inches via mud-rotary drilling. A 4-inch diameter PVC
final casing was hung in the borehole to a depth of 430 ft bls and grouted to land surface using cement
baskets. An as-built construction diagram for OSF-112 is provided in Figure 2. The completed well was
air developed until produced water was visibly free of turbidity, then pumped at 60 gallons per minute
(gpm) for 2 hours until turbidity levels were less than 10 nephelometric turbidity units (NTU), and pH was
within the pre-backfill range. On January 30, 2018, the rig was moved 14 ft to the original well, OSF-53.

Backfill operations of OSF-53 began on February 1, 2018. Huss performed a hard tag on the bottom of the
well at 947 ft bls. The well was backfilled from 947 to 661 ft bls with 8% bentonite grout. To prevent the
possibility of grout contamination in the newly constructed OSF-112, no attempt was made to grout through
the fractured dolostone of the APPZ. OSF-53 was backfilled with 6.15 cubic yards of pea-gravel from
661 to 422 ft bls. This was capped with an additional 78 ft of 4% bentonite grout to the final depth of
300 ft bls (base of the UFA-upper). An as-built construction diagram for the redesigned well, OSF-53R, is
provided in Figure 3. The completed well was air-developed for 2 hours until visibly free of turbidity, then
pumped at 100 gpm for an additional 6 hours. The pH at the beginning of development was 9.8, showing
some impact to the water quality from the curing cement grout. After 8 hours of development, the pH was
down to 8.36 and turbidity was less than 5 NTU. A complete timeline of well-construction operations is
provided in Appendix A. Well construction permits and completion reports are provided in Appendix B.
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Figure 2. As-built construction diagram for monitor well OSF-112.
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Figure 3.  As-built construction diagram for the re-designed OSF-53R well.

The completed wells were surveyed by SFWMD surveyors in April 2018 to provide precise locations and
vertical references for depth-to-water (DTW) measuring points. Figure 4 shows the reference location of
surveyed measuring point elevations, and the metadata for the completed monitor wells are summarized in
Table 1.
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Figure 4. Completed wellheads showing measuring point elevations and their reference locations for
depth-to-water measurements for wells OSF-112 and OSF-53R.

Table 1.  Summary metadata for the completed monitor wells.

Measuring Point Elevation Completed Depth
Well Latitude Longitude Feet Feet Cased Depth | Total Depth
(NAVD88) (NGVD29) (ft bls) (ft bls)
OSF-53R | 28°08°23.677 | -81°21°04.235 61.99 63.04 170 300
OSF-112 | 28°08°23.781 | -81°21°04.330 63.10 64.15 430 595

ft bls = feet below land surface; NAVD88 = North American Vertical Datum of 1988; NGVD29 = National Geodetic Vertical
Datum of 1929.



STRATIGRAPHIC FRAMEWORK

The SFWMD collected geologic formation samples from pilot holes during the drilling of OSF-112 and
described the samples based on the dominant lithologic, textural, and porosity characteristics. Sampling
methodologies included continuous SPT samples from surface to 60 ft bls, borehole cuttings from 60 to
169 ft bls, and wire-line core samples from 169 to 1,400 ft bls. SFWMD geologists described the samples
(presented in Appendix C) using the Expanded Dunham (Embry and Klovan 1971) classification for
carbonates. Geophysical logs also helped characterize the geologic formations encountered during drilling.

Holocene, Pleistocene, and Pliocene Series

Undifferentiated sediments of Holocene, Pleistocene, and/or Pliocene age occur from land surface to
approximately 58 ft bls. These undifferentiated sediments consist of pale-to-dark yellowish brown, very
fine to fine-grained quartz sand with lesser amounts of silt and clay. At approximately 58 ft bls, lithology
changes from a dark yellowish-brown clayey sand to an olive-gray clayey sand, showing a higher
percentage of clay and the presence of phosphatic sand indicative of the Hawthorn Group.

Miocene Series

The Hawthorn Group is composed of a heterogeneous mixture of silt, clay, calcareous clay, quartz sand,
phosphatic sand, shell, silt, limestone, and dolostone. Scott (1988) elevated the Hawthorn Formation to
group status in Florida. It consists of two formations: the Peace River Formation, composed of
predominantly siliciclastic material; and the underlying Arcadia Formation, composed principally of
carbonates.

Peace River and Arcadia Formations

The top of the Hawthorn Group, at approximately 58 ft bls, consists of olive-gray clayey quartz sand with
shell fragments, phosphatic wackestone, and up to 10% phosphatic sand. This highly variable lithologic
mixture continues to approximately 155 ft bls. Generally, a lithologic change from predominantly
siliciclastic to mixed siliciclastic-carbonate sediments differentiates the Arcadia Formation from the
overlying Peace River Formation; however, such a change is not observed in these sediments, so the two
formations are not differentiated in this description. The Hawthorn Group is approximately 97 ft thick at
this site.

Deposition of the Peace River Formation sediments began in the Middle Miocene when siliciclastic
sediments overran Florida’s carbonate bank environment (Scott 1988). As sea level rose during this period,
large amounts of siliciclastic material migrated to southern Florida, restricting carbonate sedimentation.
The Arcadia Formation developed during the Lower Miocene in a carbonate bank environment with the
deposition of siliciclastics from a southward flowing, long shore current (Scott 1988).



Oligocene Series
Suwannee Limestone

Suwannee Limestone was not present at this location.

Eocene Series
Ocala Limestone

Upper Eocene Ocala Limestone occurs at a depth of 155 ft bls at the S61 Locks site. Lithology of the upper
115 ft of the Ocala Limestone consists of a moderately to poorly indurated, pale yellow-orange to pale
yellow-brown, pelletal and fossiliferous packstone to grainstone with moderate intergranular porosity. The
first occurrence of the diagnostic microfossil Lepidocyclina was observed at 155 ft bls. The unit contains
abundant Lepidocyclina, Numulities, miliolids, unidentified foraminifera, algal fragments, and shell
fragments. Below approximately 270 ft bls, the unit consists of interbedded packstone to mudstone with
moderate to poor induration and moderate to poor intergranular porosity. Fewer fossils are identifiable and
include gastropods, shell fragments, and algal fragments. The base of the Ocala Limestone occurs at a depth
of approximately 320 ft bls.

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 top of the Middle Eocene Avon Park Formation is identified from lithologic samples at a depth of
320 ft bls, based on the appearance of the diagnostic fossils Neolagnum and Fallotella, first identified at a
depth of 330 ft bls. The first occurrence of Neolagnum and Fallotella diagnostic microfossils are used as
biostratigraphic indicators for the Avon Park Formation (Bryan et al. 2011). A transition from interbedded
packstone to mudstone of the Ocala Limestone to interbedded packstone and wackestone of the Avon Park
Formation was observed. The Avon Park Formation continues to the total depth of the corehole
(1,400 ft bls).

From approximately 320 to 372 ft bls, lithology consists of interbeds of very pale orange packstone and
wackestone with moderate induration and moderate intergranular porosity. From approximately 372 to
408 ft bls, there is a general increase in grain size and associated intergranular porosity. The interval consists
mostly of very pale orange, moderately indurated packstone to grainstone with good porosity and a few
interbeds of the coarser-grained rudstones and floatstones. Fossils throughout the upper part of the Avon
Park Formation include foraminifera, gastropods, and algal fragments. From 408 to 466 ft bls, lithology
consists of very pale orange interbeds of wackestone, packstone, and mudstone with low to moderate
porosity. An interval of well-indurated calcareous dolostone with moderate vuggy porosity is present from
427 to 431 ft bls. Fractured intervals were identified in the OBI log from 430 to 459 ft bls, consisting of
solution-enhanced fractures, open fractures, and fracture swarms. There were 4 ft of core recovery from the
430 to 440 ft bls core interval; this poor core recovery is indicative of the fractured nature of the formation.



The interval from 466 to 601 ft bls consists of alternating beds of limestone, fractured dolostone, and
calcareous dolostone as described below:

e From approximately 466 to 485 ft bls, lithology consists of dark yellow-brown to pale
yellow-brown, microcrystalline, well-indurated calcareous dolostone with good pinpoint and
vuggy porosity. A brecciated zone was identified in the OBI log from 470 to 486 ft bls. From the
480 to 490 ft bls core interval, only 5 ft of core were recovered, the remaining possibly lost due to
intense fracturing.

o From approximately 490 to 526 ft bls, lithology comprises very pale orange, poorly to moderately
indurated limestone consisting of wackestone, packstone, and grainstone as well as some minor
mudstone with predominantly moderate intergranular porosity. One bedding plane fracture was
observed in this interval.

e From approximately 526 to 550 ft bls, lithology changes to a dark yellowish-brown and dark gray,
well-indurated dolostone with moderate to good moldic and vuggy porosity. Fracture swarms were
identified in the OBI log from 526 to 533 ft bls and brecciation from 544 to 550 ft bls.

e From 550 to 561 ft bls, lithology changes again to a very pale orange limestone consisting of poorly
indurated packstone, wackestone, and mudstone with moderate interparticle porosity. Fractures
were not observed in this interval.

e From approximately 561 to 601 ft bls, lithology changes to a dark yellowish-brown, well-indurated
dolostone and calcareous dolostone with moderate to good moldic and vuggy porosity. A fracture
swarm and cavity were observed at 593 ft bls in the OBI log.

Lithology changes from approximately 601 to 646 ft bls to very pale orange to moderate yellow-brown
dolostone with poor to moderate matrix porosity and few fractures observed. Fourteen feet of this interval
were described as poorly indurated with no observable porosity.

From 646 to 1,034 ft bls, lithology is predominantly very pale orange to grayish-orange dolostone and
interbedded calcareous dolostone. The dolostone ranges from moderately to well indurated with moderate
to good pinpoint, vuggy, moldic, and intergranular porosity to poorly to moderately indurated with little
pinpoint or intergranular porosity. There is little visible evidence of recrystallization, such as sucrosic or
crystalline texture. Identifiable fossils largely consist of bivalve and gastropod molds and foraminifera.
Organic lamination is common within zones of poor induration and little porosity. Calcareous dolostone
interbeds up to approximately 20 ft in thickness are present throughout this section. Lithology is
microcrystalline in texture with moderate to good induration and moderate pinpoint porosity. Fractured
intervals consist almost entirely of bedding plane fractures with few vertical fractures

Lithology from approximately 1,034 to 1,243 ft bls consists of grayish-orange to very pale orange,
well-indurated dolostone with large amounts of evaporite minerals (gypsum/anhydrite), ranging from trace
amounts up to 80%. The evaporite minerals occur as porosity infill, nodules, chicken-wire, and along
bedding planes. There was little matrix porosity and only a few fractures observed within this interval,
along with some fossil gastropods and bivalves.

A lithology change at approximately 1,243 ft bls consists of a pale to moderately yellow-brown,
well-indurated dolostone with few evaporite minerals present, frequent bedding plane fractures, and
moderate vuggy and moldic porosity. The few identifiable fossils consist of gastropods and bivalves.
Solution-enhanced fractures and cavities were observed from 1,300 ft bls to the total depth of 1,400 ft bls
in both the OBI log and core. Up to 5% evaporite minerals was observed from 1,330 to 1,353 ft bls;
however, fractures and porosity within this interval were only partially filled with evaporites. Friable to
moderately indurated interbeds up to 3 ft in thickness with up to 20% clay are present from 1,352 to
1,390 ft bls.



HYDROGEOLOGIC FRAMEWORK

Two major aquifer systems underlie this site within the Quaternary/Tertiary sequence, the SAS and FAS.
The FAS is the primary focus of this investigation. Aquifers within the FAS are composed of multiple
discrete zones of moderate to high permeability, many characterized by karst solution and fracturing. These
productive zones are separated by lower permeability units of various degrees of confinement. The
sub-units of the FAS are not consistently labeled in the literature. Figure 5 presents a comparison of
commonly used nomenclature.
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Figure 5.

A nomenclature comparison of the hydrogeologic units of within the Floridan aquifer system.

To ensure consistency within the CFWI1 Planning Area, the cooperating water management districts agreed
on a slightly modified hydrogeologic conceptualization (Figure 6) 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 will follow the same
convention for the units intersected by the exploratory drilling. A representative hydrogeologic section,
with hydrogeologic units conforming most closely to the S61 Locks site is presented in Figure 7.
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Figure 6.  Hydrogeologic conceptualization and vertical discretization of the East Central Florida
Transient Expanded model (From: CFWI Hydrologic Assessment Team 2016).
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Surficial Aquifer System

The SAS at the S61 Locks site consists of unconsolidated sediments, predominantly fine to very-fine 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, but lower permeability sediments frequently are found at much shallower
depths, so the base of this unit is gradational. A base of 58 ft bls was selected based on persistent high clay
content in the SPT samples below that point. An average hydraulic conductivity of 44 ft/day was calculated
for this interval from sieve analysis results.

Intermediate Confining Unit

The intermediate confining unit separates the SAS from the FAS. At the S61 Locks site, the intermediate
confining unit consists of a highly variable mix of olive-gray clay, quartz sand and silt with shell fragments,
phosphatic wackestone, and up to 10% phosphatic sand. This unit was not expressly tested during drilling
of OSF-112.

Floridan Aquifer System

The FAS consists of a series of Tertiary-age limestone and dolostone units. At the S61 Locks site, the FAS
includes permeable sedimentary strata of the Hawthorn Group, Ocala Limestone, and Avon Park
Formation. The base of the FAS occurs in the Paleocene Cedar Keys Formation, not penetrated at the
S61 Locks site, which includes massive beds of gypsum and anhydrite (Miller 1986).

The hydrogeologic units within the FAS at the S61 Locks site were delineated based on the exploratory
coring, drilling, and geophysical logging of well OSF-112; hydraulic and water quality analyses from
38 off-bottom packer tests conducted during the coring of OSF-112 (Figure 8); and previously gathered
lithologic and geophysical log data from existing well OSF-53.

Upper Floridan Aquifer

The UFA generally occurs at the base of the Hawthorn Group, though it may include permeable units within
the lower Arcadia Formation. It includes the Suwanee Limestone, where present; 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 zones of lower permeability. The CFWI Hydrologic
Assessment Team (2016) used three regionally mappable units to represent the vertical heterogeneity of the
UFA: UFA-upper, OCAPIpz, and Avon Park high permeability zone (APhpz).

UFA-upper (155 - 300 ft bls)

The UFA-upper is the uppermost permeable zone of the FAS. It is predominantly limestone and
characterized by intergranular, vuggy, or moldic porosity and well-developed secondary porosity (Davis
and Boniol 2011). The CFWI Hydrologic Assessment Team (2016) identified the top of the UFA-upper in
well OSF-53 at a depth of 155 ft bls, the first occurrence of consolidated limestone below the clayey sands
of the Hawthorn Group. At the S61 Locks site, the UFA-upper consists of moderately consolidated
limestone, predominantly packstone-grainstone. A solutioned flow zone often is observed at its upper
boundary, the contact between the Hawthorn Group and Ocala Limestone. This permeable zone presumably
exists at the S61 Locks site but could not be confirmed, as the top 15 ft of the unit, being poorly
consolidated, lies within the cased interval of both OSF-112 and OSF-53 and, therefore, could not be tested.
Three packer tests were conducted within the UFA-upper, yielding hydraulic conductivity values ranging
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from 10 to 33 ft/day. Water quality from this interval is the freshest in the corehole, with total dissolved
solids (TDS) concentrations less than 160 milligrams per liter (mg/L).

The UFA-upper is highly productive in the northern portion of the CFWI Planning Area, but that
productivity tends to decline to the south. Reported transmissivity of the UFA-upper ranges from less than
10,000 to more than 100,000 ft?/day within the greater central Florida area (CFWI Hydrologic Assessment
Team 2016). A full aquifer performance test was not conducted on this interval, but based on the packer
test results, transmissivity at this site is expected to fall within the low end of the reported regional range.
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Figure 8.  Variation in specific conductance (SpCond) and hydraulic conductivity (k) with depth, from
off-bottom packer testing in exploratory corehole OSF-112. (Note: width of bars in the k plot
indicates range of uncertainty in the calculated value.)
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OCAPIpz (300 — 429 ft bls)

The OCAPIpz is distinguished from the UFA-upper by a reduction in the secondary permeability, which
provides most of the productive capacity of that unit. At the S61 Locks site, the OCAPIpz comprises
limestone (presented as interbedded mudstone), wackestone, and packstone. It tends to be less well
consolidated than the overlying UFA-upper, indicated by large wash-outs on the caliper log (Figure 7).
Based on packer test results, the OCAPIpz is of persistently lower permeability than the UFA-upper. Only
packer tests 4 and 5 fall wholly within the OCAPIpz unit, and these yielded hydraulic conductivity estimates
of 3to 6 ft/day. Packer test water levels and preliminary data from the completed monitor wells
(May 1 to July 2, 2018) show a slight decline (0.25 to 0.4 ft) across the OCAPIpz, which indicates it does
provide some confinement capacity. Water quality in the OCAPIpz is very similar to the UFA-upper, but
slightly more mineralized, reflecting a longer formation residence time.

APhpz (429 - 500 and 520 - 565 ft bls)/APPZ (429 - 570 ft bls)

Reese and Richardson (2008) described the APPZ as a regionally mappable, high-permeability zone within
the Avon Park Formation, characterized by dolostone or interbedded dolostone and dolomitic limestone
with a high degree of secondary permeability. The permeability primarily is associated with fracturing, but
cavernous or Kkarstic, intergranular, and inter-crystalline permeability also can be present. As mapped by
Reese and Richardson (2008), the APPZ included all materials from the base of the OCAPIpz to the top of
the MCU. The CFWI Hydrologic Assessment Team (2016) adopted the term Avon Park high-permeability
zone (APhpz) to distinguish the most productive fractured intervals. Referring to Figure 6, the APPZ is
equivalent to ECFTX model layer 5, and the APhpz is a subset of that unit.

At the S61 Locks site, the APPZ is composed of hard calcareous dolostone interbedded with less
well-indurated limestone mudstone-grainstone. The upper boundary is at 429 ft bls (the first occurrence of
fracture flow). Although the OCAPIpz does not constitute a significant confining unit at this location, there
are distinctions in the ion chemistry between the APPZ and overlying units that imply limited hydraulic
communication between them.

The APhpz consists of two discrete fractured zones at 429 to 500 ft bls and 520 to 565 ft bls, separated by
20 ft of less permeable rock. Estimated hydraulic conductivity within the two fracture sets exceeds
1,000 ft/day. The intervening 20-ft interval, which was discretely evaluated in packer test 9, yielded an
estimated hydraulic conductivity of 10 ft/day. The hydraulic continuity of fracture sets within the APPZ
has been a subject of some debate within the CFWI Planning Area. South of the S61 Locks site, the APPZ
commonly consists of multiple discrete fracture zones separated by much less permeable rock. In most of
the region, discrete head and water quality data are not available to assess the hydraulic continuity of these
discrete zones. Consequently, some hydrogeologists combine the fracture zones into a single unit, while
others split the unit and view the deeper fractured zone as part of the LFA. Such deviations account for
some of the variability seen in the literature regarding the mapped thickness of this unit. There is some
variation in the water quality results between the upper and lower fracture sets at OSF-112, indicating they
probably were not in direct hydraulic communication at the site prior to pilot-hole coring. Water quality
from the lower fracture set was somewhat enriched in calcium, magnesium, sulfate, and strontium compared
to the upper set. These differences are slight, however, and there was no observable head difference between
the upper and lower fracture sets during packer testing at OSF-112 to indicate significant confinement
between them.

The base of the APPZ coincides with the top of the MCU, and its position at this site is not entirely clear.
Reese and Richardson (2008) identified this boundary at 570 ft bls to coincide with the last influx to the
pumped flow log at OSF-53. The CFWI Hydrologic Assessment Team (2016) lowered the position of this
boundary to 818 ft bls to include what appeared to be a third fracture set in the caliper and porosity logs of
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OSF-53. Although the data set was limited, the deeper depth also placed the base of the APPZ more in line
with those in the closest deep wells to the south. Providing sufficient data to resolve this issue was one of
the objectives of the exploratory corehole.

Fracturing between 770 and 820 ft bls was poorly developed, with hydraulic conductivity orders of
magnitude lower and significantly different chemistry than the fractured rock above 570 ft bls. Packer
tests 11 and 12 (570 to 620 ft bls) yielded hydraulic conductivity estimates of approximately 20 ft/day, a
minor productive unit. There is, however, a very distinct break in the ion chemistry below 570 ft bls, which
suggests waters below that depth are not mixing with the overlying unit. Based on these data, it was
determined that the lower fracture set should not be included as part of the APPZ at this location.

Middle Confining Unit

The MCU divides the UFA and LFA. Miller (1986) defined the MCU and subdivided it into eight regional
units designated by roman numerals | to VIII. The CFWI Hydrologic Assessment Team (2016) recognized
two of these units (MCU_I and MCU_II) as composing the MCU within the ECFTX model domain.
MCU_I, which ranges in lithology from dolostone to micritic limestone, is the leakier of the two units. The
lithologic composition of MCU _II is more distinct. MCU_II is composed of hard crystalline dolostone to
dolomitic limestone, characterized by the occurrence of evaporites as beds or pore in-fillings, which greatly
reduces its permeability. MCU_I, the shallower unit, is absent from the western portion of the ECFTX
model area, while MCU_Il is absent from the eastern portion. Along the western reaches of the Kissimmee
River valley and Lake Wales Ridge, the two units overlap each other, greatly increasing the thickness of
the MCU in that region.

Prior to construction of OSF-112, regional mapping for the CFWI Hydrologic Assessment Team (2016)

estimated the MCU _Il would be absent at the S61 Locks site. Evaluating that prediction, which proved
erroneous, was one of the objectives of the exploratory corehole.

MCU 1(570 - 1,034 ft bls)

MCU_I is the thickest defined unit at the S61 Locks site and also the most heterogeneous. In an update to
Miller (1986), Williams and Kuniansky (2015) noted that many of the numbered MCU subsets were
actually semi-confining and might encompass zones with hydraulic conductivity on the same order of
magnitude as the aquifers above or below them. For that reason, Williams and Kuniansky (2015) elected to
abandon the term “confining unit” for the MCU, replacing it with the term “composite unit” to indicate it
could not be defined as either a confining unit or an aquifer across its entire extent. MCU _I clearly is a
confining unit at the S61 Locks site, although it shows considerable hydraulic variability (Figure 9). In
Figure 9, the first three columns are borehole geophysical data (caliper, porosity, and electric resistance);
column four shows laboratory core permeability results; and column five shows packer test results. These
data represent three different scales of investigation and help explain why MCU_I can be difficult to
classify. As discussed in the previous section, the base of the APPZ/top of MCU_I was identified at
570 ft bls on the basis of water chemistry and a significant difference in permeability with the overlying
fractured flow zone. The base of MCU_I was identified at 1,034 ft bls, where massive evaporites and very
low permeability define the top of MCU_II. Fifteen discrete packer tests were conducted entirely within
MCU _I. These ranged in horizontal hydraulic conductivity from 2 to 22 ft/day. In general, water levels
decrease (see Figure 21 at the end of this report) and water quality deteriorates with depth in MCU_I. The
change in water quality is driven primarily by increasing sulfate content.
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Figure 9.  Geophysical log, core, and packer test data illustrating the heterogenous nature of MCU_|I at
the S61 Locks site.
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As seen in Figure 9, the upper 50 ft of MCU_I (from 570 to 620 ft bls) are the most permeable based on
packer test results. The interval exhibits horizontal hydraulic conductivity similar to the UFA-upper.
However, it also contains some of the lowest porosity rock in the corehole, and all of its productive capacity
appears to derive from two discrete fractures at 571 and 605 ft bls. There are insufficient data to determine
the connectivity of those fractures beyond the corehole. If they are disconnected, vertical permeability
across this interval should be the lowest in MCU _I.

The interval from 620 to 714 ft bls represents internal confinement within MCU_I, with packer-derived
hydraulic conductivity estimates ranging from 1.2 to 1.3 ft/day. Heads in that zone are approximately 0.5 ft
lower than the overlying APPZ and salinity is increased four-fold. The vertical permeability through this
interval appears more restrictive than the packer-derived hydraulic conductivity values imply, as there is a
brief freshwater inversion from 714 to 770 ft bls, with a distinct increase in static heads back to APPZ
levels. Three laboratory core permeability analyses were conducted between 620 and 710 ft bls and yielded
vertical permeability values from 0.008 to 0.87 ft/day, which supports the conclusion that good confinement
exists within this interval of MCU_1.

The interval from 714 to 890 ft bls is characterized in the geophysical logs by alternating zones of higher

electrical resistance coupled with low porosity, and intervals of lower electrical resistance coupled with
higher porosity (Figure 9). Core lab analysis suggests the high-resistivity/low-porosity zones are confining
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intervals and resistivity is inversely proportional to matrix permeability within this interval. The two lowest
vertical permeability samples at 828 and 872 ft bls were within high-resistivity/low-porosity intervals, with
vertical permeabilities of approximately 1 x 10 and 6 x 10 ft/day, respectively, five orders of magnitude
lower than the next nearest sample results. Total porosity results from those samples were 3% and 6%,
respectively, while horizontal permeabilities were approximately 0.038 and 1 x 10 ft/day, respectively.
The three samples with the highest vertical permeabilities were from depths of 777, 786, and 887 ft bls,
each of which had relatively low resistivity/high porosity. In these samples, vertical permeability ranged
from approximately 0.9 to 1.6 ft/day, total porosity ranged from 31% to 42%, and horizontal permeability
ranged from approximately 2.7 to 3.3 ft/day.

This interval includes numerous bedding plane (horizontal) fractures without observable vertical fractures,
suggesting fractures do not contribute to vertical transmission of fluid but, in combination with higher
matrix porosity and permeability, may contribute to horizontal transmission. Vertical and horizontal
transmission throughout this interval appear limited to the low-resistivity/high-porosity zones. The effect
of this is a composite unit, a series of chemically and hydraulically isolated aquifer layers within a confining
body of rock.

The most persistent zone of low permeability is near the base of the MCU_I. Packer testing from 890 to
1,010 ft bls yielded a permeability of approximately 2 ft/day. Density and x-ray diffraction (XRD) analysis
of two core samples within the packer test 24 interval (950 to 980 ft bls) identified celestite, a sulfide
mineral often associated with anhydrite and gypsum. Coupled with an increase in sulfates across the
interval, this suggests the presence of evaporite minerals in quantities not visible to the naked eye; however,
it is not known to what degree this could be contributing to the reduced permeability of this interval.

MCU 1I (1,034 - 1,260 ft bls)

Evaporite minerals (e.g., gypsum, anhydrite, celestite), occurring as massive beds or nodules within a hard
dolostone matrix, were visible and pervasive in the exploratory corehole from 1,034 to 1,260 ft bls. These
minerals are characteristic of MCU_II and result in greatly reduced porosity within the matrix rock.
Six discrete packer tests (27 to 32) occur entirely within MCU_II. These yielded hydraulic conductivity
estimates of less than 0.1 ft/day, two orders of magnitude lower than the overlying MCU_I. The very low
permeability of the rock prevented collection of water samples during packer testing, but specific
conductance data from down-hole water quality sensors indicated continuance of the increasing salinity
trend observed in MCU_I. Specific conductance of 2,800 microsiemens per centimeter (US/cm) was
measured in this portion of the formation.

As previously noted, regional mapping for the CFWI Hydrologic Assessment Team (2016) estimated

MCU _ Il would be absent at the S61 Locks site. The occurrence of more than 200 ft of this evaporite-rich
unit in OSF-112 was an unexpected result, which will necessitate re-mapping the eastern extent of MCU_II.

Lower Floridan Aquifer

LFA-upper (1,260 - Total Depth)

The top of the LFA was identified at 1,260 ft bls in conjunction with notable changes in permeability, water
chemistry, and water level. The base of LFA-upper was below the depth of investigation and thus could not
be determined from the corehole information. Estimated permeability from packer tests falling entirely
within LFA-upper (34 to 38) ranged from 21 to 293 ft/day, three or more orders of magnitude higher than
the overlying MCU_II rock. Lithologically, the two units are similar in that both are predominantly
dolostone. Like MCU_II, evaporite minerals are present in LFA-upper but at much lower percentages. The
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permeability in LFA-upper is predominantly secondary, through vugs and fractures. Fracturing is pervasive
from 1,260 ft to total depth, though less well developed than in the APPZ.

Water samples collected from LFA-upper (average TDS concentration of 517 mg/L) were much fresher
than MCU _I (average TDS concentration of 1,533 mg/L), but ionically and isotopically distinct from UFA
waters as well. Formation waters from LFA-upper are particularly enriched in sodium chloride relative to
the UFA. Packer test results show an approximate 2-ft increase in static water levels across MCU_II,
between MCU_I and LFA-upper, after adjusting for regional trends. Although the absence of discrete
on-site monitor wells in UFA-upper and the APPZ during packer testing prevented direct calculation of the
head gradient between the UFA and LFA, there appears to be a slight upward gradient at this location.
Figure 10 shows the median head gradient between the UFA and LFA around the S61 Locks site. The site
occurs within a zone of transition between downward gradients to the west and upward gradients to the
east.
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Figure 10. Median head differential between the Upper and Lower Floridan aquifers in the vicinity of
the S61 Locks site. Arrows indicate gradient direction upward or downward at the red box
location.
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DISCUSSION

Exploratory drilling and coring at this site reached a maximum depth of 1,400 ft bls. Work at the S61 Locks
site was completed in February 2018 and included:

e Exploratory wire-line coring, geophysical logging, hydraulic testing, and water quality sampling
for the purpose of:

o identifying hydrogeologic unit boundaries, and
o evaluating variations in water quality and rock permeability with depth;

e Completion of the exploratory corehole as a permanent APPZ monitor well (OSF-112); and

o Modification of a previously existing but inactive monitor well (OSF-53) that originally was
constructed with a long open-hole interval, to one that discretely monitors the upper permeable
zone of UFA-upper. The modified monitor well is designated OSF-53R.

As a component of the CFWI DMIT project, it is important to review the results from the S61 Locks site
in light of their potential impact to the understanding of the hydrogeologic framework as applied in the
ECFTX groundwater model. Some findings were as expected, while others were surprising. Differences
between interpreted hydrogeologic unit boundaries pre- and post-project are summarized in Table 2.

Table 2.  Hydrostratigraphic comparison at the S61 Locks site, current report versus ECFTX model
layering (From: CFWI Hydrologic Assessment Team 2016).

Current Report ECFTX Model
Hydrogeologic Unit Top Base Th(feirt])ess Top Base Th(li?eke?)ess

ICU 52 155 103 41 155 114
UFA-upper 155 300 145 155 250 95
OCAPIpz 300 429 129 360 470 110
APPZ 429 570 141 470 818 348
MCU_I 570 1,035 465 818 1,259* 441
MCU_II 1,035 1,260 225 1,259* 1,259* 0
LFA-upper 1,260 No Data No Data 1,259* 1,568* 309

APPZ = Avon Park permeable zone; ECFTX = East Central Floridan Transient Expanded; ICU = intermediate confining unit;
LFA = Lower Floridan aquifer; MCU = middle confining unit; OCAPIpz = Ocala-Avon Park low-permeability zone;

UFA = Upper Floridan aquifer.

Note: Top and Base values are presented in feet below land surface.

* Unit boundary interpolated from surfaces identified in deeper wells located offsite.

When the hydrostratigraphy was developed for the ECFTX model in 2016, the existing 980-ft deep well
OSF-53 was the sole source of data for the S61 Locks site. Unit boundaries above 980 ft bls were identified
based on the existing OSF-53 data set, while those below (shown with an asterisk in Table 2) were
interpolated from surfaces identified in deeper wells located offsite. In the before and after comparison,
there are minor differences in the boundaries of the shallow units (OCAPIpz and above), but nothing that
would be of significance to the regional model.

A larger adjustment was made to the base of the APPZ unit. Packer test results from OSF-112 showed that
what appeared to be a deeper fractured interval in the original OSF-53 data set was relatively unproductive
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with substantially different water chemistry. Based on new data from OSF-112, the base of the APPZ was
raised 248 ft, reducing the overall thickness of the unit by 40%.

The top of the LFA derived from the exploratory coring and testing at the S61 Locks site deviated from the
previously interpolated value by 1 ft. What was not expected, however, was that the LFA at this location
was overlain by more than 200 feet of MCU_II, where previous interpolation of available data predicted
the absence of MCU_II. Leakance across MCU_II is one to two orders of magnitude lower than MCU_,
which was anticipated. The S61 Locks site is less than 5 miles from the north end of the Toho Water
Authority’s (TWA) proposed Cypress Lakes wellfield, which is to be completed in LFA-upper. Although
the TWA did not report the presence of MCU_II in its exploratory boreholes, the extent of its occurrence
in OSF-112 makes it highly likely that some portion of MCU_II extends into the cone of influence for the
proposed wellfield. In the interest of resolving the question of the eastward extent of MCU_II in central
Osceola County, an additional site should be cored and tested near the wellfield.

Another unexpected result was the appearance of a slight upward head gradient from the LFA to the UFA.
This is not completely surprising as the existing regional monitoring network indicates the S61 Locks site
is in an area of transition between a strong downward gradient to the west and a clear upward gradient to
the east. However, the gradient was expected to be downward, or close to neutral, at this location.
Installation of a discrete monitor well within LFA-upper at the S61 Locks site, planned for a future fiscal
year, will allow for more accurate assessment of head gradients between the various hydrogeologic units
that make up the FAS at this site.

SITE DATA

Multiple classes of data were collected and analyzed to derive the stratigraphic and hydrogeologic
frameworks for the S61 Locks site. Lithologic samples were collected using SPT, mud-rotary, and wire-line
coring methods, then described and analyzed. Single (off-bottom) packer testing yielded hydraulic water
quality and level information. The following sections summarize the methods and results yielded by each
type of data collection and analysis effort.

Standard Penetration Testing

SPT was conducted at 2-ft intervals from land surface to 60 ft bls at OSF-112 to obtain representative
sediment samples, determine the penetration resistance, and calculate hydraulic conductivity through
mechanical (sieve) analysis.

Methodology

Collection of sediment samples by SPT (1.375 inches inner diameter x 2.0 inches outer diameter) involves
dropping a 140-pound enclosed safety hammer 30 inches onto a thick-walled sample tube in order to drive
the tube into the ground. Every strike from the hammer is a “blow” and the number of blows it takes to fill
the sampler 25% and move the sampler 6 inches deeper is a blow-count (N1, N2, N3, and N4). Once the
sample tube is filled with sediment, it is retrieved and labeled. ATSM Standard D1586-99, Standard Test
Method for Penetration Test and Split-Barrel Sampling of Soils, was followed to correlate SPT blow counts
(N-value = N2 + N3) to penetration resistance over depth. The N counts in this investigation have not been
corrected or compensated for overburden pressures. The greater the N-value, the greater the resistance.

Samples were transported to the office where the lithology was described. Mechanical sieve analysis was

conducted in the laboratory on the interior 12 inches of sediment from every sample. This representative
sample was prepared in a drying oven overnight at 100°C and shaken for 15 minutes to optimally separate
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particles of different sizes through a series of eight graduated sieves. Each sieve was weighed and the tare
(i.e., weight of the sieve) was subtracted to give the weight of the sample with that specific grain size. Using
the method described in Kasenow (1997), the weight by percent of sediment from each sieve was plotted
on a cumulative frequency graph and a curve was fitted to determine the effective grain size.

Sieve data were processed through MVVASKF software (Vukovic and Soro 1992). The software uses
10 empirical formulas to calculate hydraulic conductivity, including Hanzen, Slichter, Beyer, Sauerbrei,
and Zunker. Some samples did not have the right distribution of weight by percent sediment, or a curve on
the cumulative frequency graph to meet the defining assumptions for all formulas. MVASKF flags each
formula as either pass or fail, depending on this requirement, and takes an average of the resultant hydraulic
conductivity values from the passing formulas to produce a mean hydraulic conductivity for the sample.

Penetration Resistance and Hydraulic Conductivity Results

Results of the SPT and sieve analysis are summarized in Table 3 and presented graphically in Figure 11.
The N-values appear to be randomly distributed with depth and do not show any clear relationship to the
hydraulic conductivity or Folk classification. Sediment samples from OSF-112 indicate resistance to
penetration is fairly uniform from the surface to 60 ft bls. An increase in resistance between 20 and 30 ft bls
could be attributed to less clay content. N-values at 22, 24, and 28 ft bls have higher values and
approximately 20% clay, while the N-value at 26 ft bls is closer to mean data with 30% clay content.

The change in hydraulic conductivity is more apparent than the penetration resistance with increasing depth.
From 6 to 14 ft bls, hydraulic conductivity is trending upward, starting at 42 ft/day and increasing steadily
to 53 ft/day. Data are slightly variable but show a steady decrease in hydraulic conductivity at a rate of
0.74 ft/day from the surface to 60 ft bls, excluding the interval from 6 to 14 ft bls.

N-value [blow counts] Mean k [ft/d]

40 60 Bo] 10 20 30 40

Depth [ft bls]

Figure 11. N-value and mean hydraulic conductivity for each 2-foot split-spoon sample.
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Table 3.  Summary results from standard penetration test and sieve analysis of unconsolidated
sediments in the surficial aquifer system.

Depth (feet bls) N-Value (N, + N3) Cori\f/illfgtlilvizfd(rfael;ltl/gay) Folk Classification
2 -- 53.0 Moderately well sorted
4 31 51.5 Moderately well sorted
6 50 50.3 Moderately well sorted
8 31 43.0 Extremely poorly sorted
10 43 44.2 Moderately well sorted
12 26 49.5 Well sorted
14 40 50.8 Well sorted
16 38 533 Moderately well sorted
18 43 53.0 Moderately well sorted
20 47 41.3 Extremely poorly sorted
22 75 52.8 Well sorted
24 76 40.0 Moderately well sorted
26 29 51.0 Moderately well sorted
28 79 40.1 Extremely poorly sorted
30 36 44.4 Extremely poorly sorted
32 58 49.5 Moderately well sorted
34 35 42.0 Well sorted
36 55 49.1 Moderately well sorted
38 50 41.5 Well sorted
40 10 42.2 Well sorted
42 30 38.6 Well sorted
44 65 335 Extremely poorly sorted
46 54 38.7 Extremely poorly sorted
48 68 48.3 Moderately well sorted
50 49 15.5 Extremely poorly sorted
52 41 41.0 Extremely poorly sorted
54 53 36.3 Extremely poorly sorted
56 29 36.3 Extremely poorly sorted
58 65 43.7 Moderately well sorted
60 20 10.0 Extremely poorly sorted

bls = below land surface.

Packer Testing

Thirty-eight packer tests were conducted during continuous coring operations of OSF-112 to determine
changes in productive capacity, formation water quality, and water levels with depth. Packer testing
methods, analyses, and results are summarized here. Appendix D provides additional details.

Methods

Figure 12 illustrates the setup used for OSF-112 packer testing operations. When the corehole had been
advanced to a depth selected for testing, the driller pulled up the core casing from total depth to the top of
the selected test interval. The test interval was air-developed for a minimum of 1 hour to remove rock
detritus and water not native to the selected test interval. After development, the packer assembly was
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lowered into place, followed by the submersible pump in the annular space above it. Once water levels
equilibrated, the packer elements were inflated.

o = T
Dischargeline 1‘_=.l-—l Measuring Pt. Offset
“Stick-up”

rface

Pump drop-pipe (1.5-inch 0.0

Surface casing

Paortland Cement

Pumpintake depth

Open-holeintenal

Core Casing
(3-inchlD.)

_______7 L

Temporary d-inch
steelcasing

it port (1-inch1.D.)

Upper packer element

Tube through centerof
packer (1-inch 1.D.)

Lower packer element

Intake screen (1-inch.D.)

CTD Probe

_______________ Core hole active depth
NOT TO SCALE

Figure 12. Generalized components of the packer test setup used in OSF-112.

The narrow (3-inch) diameter of the core casing did not allow sufficient space to accommodate a pressure
transducer after the pump, drop-pipe, and associated electrical cabling were in place. Therefore, DTW
readings were collected manually using an electric DTW tape. Readings were collected 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 below the bottom packer, providing those parameters from directly within the tested
interval for select tests.
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Standard procedure for each test was to pump three complete corehole volumes at a maximum producible
rate (typically 4 to 30 gpm), collect a sample for water quality analysis, then shut down the pump and
monitor until water levels re-stabilized. For test intervals in which low-permeability rock did not allow
removal of three corehole volumes of water, pumping would continue until both drawdown and water
quality (temperature, pH, and specific conductance) were stabilized, or until water levels declined below
pumpable levels. Configuration specifics for each test are summarized in Table 4, with deviations from
standard procedure noted in the comments.

Table 4.  Packer test configuration summary.

Water Test Interval (ft bls) Q Pumping Stick-up*
Test # Date Quality From To Depth | (gpm) Duration (ft) Comments
Sample ID | Depth (hh:mm)
1 20-Oct-17 | P90746-2 170 200 27 0:45 2.15
2 24-Oct-17 | P91174-2 200 250 30 0:55 2.37
3 24-Oct-17 | P91174-3 250 300 28 0:30 2.19
4 25-Oct-17 | P91560-2 300 350 30 0:35 2.48
5 26-Oct-17 | P91561-2 350 400 24 0:39 2.24
6 31-Oct-17 | P91692-2 400 440 28 0:33 2.28
7** | 31-Oct-17 | P91692-3 440 470 28 0:35 2.30
8** | 1-Nov-17 | P91684-2 470 500 28 0:37 2.04
9** | 1-Nov-17 | P91684-3 500 520 22 0:47 2.14
10 | 6-Nov-17 | P91685-2 520 570 22 1:00 2.14
11 | 7-Nov-17 | P91686-2 570 590 22 1:00 2.03
12 | 7-Nov-17 | P91686-3 590 620 28 0:45 2.09
13 8-Nov-17 | P91563-2 620 650 8.5 1:15 2.01 |% standard purge volume
14 9-Nov-17 | P91687-2 650 680 8.5 1:20 2.02 | % standard purge volume
15 | 10-Nov-17 | P91688-2 680 710 16 1:30 2.17
16 | 13-Nov-17 | P91689-2 710 740 18 1:10 2.18
17 | 14-Nov-17 | P91690-2 740 770 18 1:06 2.05
18 | 15-Nov-17 | P91700-2 770 800 30 0:55 2.08
19 | 16-Nov-17 | P91701-2 800 830 19 1:29 2.11
20 | 16-Nov-17 | P91701-3 830 860 23 1:00 2.00
21 | 27-Nov-17 | P91702-2 860 890 27 1:05 2.20
22 | 28-Nov-17 | P91703-2 890 920 8 1:40 2.06 | % standard purge volume
23 | 29-Nov-17 | P91704-2 920 950 8 1:45 2.00 |% standard purge volume
24 | 30-Nov-17 | P91705-2 950 980 8 1:57 2.44 | % standard purge volume
25 1-Dec-17 | P91706-2 980 1010 10 1:40 2.22 | % standard purge volume
26 | 4-Dec-17 | P91707-2 1010 1040 4 1:25 2.16 | standard purge volume
27** | 5-Dec-17 -- 1040 1070 4 0:04 1.99 | No sample, pumped dry
28** | 6-Dec-17 -- 1070 1100 4 0:05 1.95 |No sample, pumped dry
29 7-Dec-17 -- 1100 1130 4 0:05 2.16 | No sample, pumped dry
30 | 12-Dec-17 -- 1130 1160 4 0:04 2.13 | No sample, pumped dry
31 | 13-Dec-17 -- 1160 1190 4 0:04 2.08 | No sample, pumped dry
32 | 15-Dec-17 -- 1190 1220 4 0:04 2.19 | No sample, pumped dry
33** | 19-Dec-17 | P91709-2 1220 1250 12 1:55 1.99 |% standard purge volume
34** | 20-Dec-17 | P91710-2 1250 1280 30 1:30 2.14
35 | 21-Dec-17 | P91711-2 1280 1310 30 1:25 2.03
36 3-Jan-18 | P91712-2 1310 1340 30 1:40 2.03
37 4-Jan-18 | P91713-2 1340 1370 30 1:30 2.15
38 5-Jan-18 | P91714-2 1370 1400 30 1:38 2.19

ft = feet; ft bls = feet below land surface; gpm = gallons per minute; hh:mm = hours:minutes; Q = rate of discharge.
*  Stick-up is the offset distance (in feet) of the depth-to-water measuring point from land surface.
** Conductivity, temperature, and depth data are available for the test.
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Hydraulic Analysis

To estimate the hydraulic properties of the geologic formation from the packer tests, well loss components
of the measured drawdown, such as those caused by turbulent flow into the packer intake screen or friction
losses in the packer pipe (1-inch diameter) and core casing (3-inch diameter), needed to be eliminated. The
Hazen-Williams equation (Finnemore and Franzini 2002) was used to calculate the pressure loss due to
friction in the pipes (Table 5). A conversion factor of 2.31 ft of water per pound per square inch of pressure
was used to convert to consistent drawdown units.

4.52Q185
d = ™ 185 j4.865

Where:

P4 = pressure drop due to friction loss over the length of pipe (pounds per square inch)
L = length of pipe (ft)

Q = discharge rate (gpm)

C = pipe roughness coefficient

d = inside pipe diameter (inches)

Table 5.  Pipe information for well-loss calculations using the Hazen-Williams equation.

Pipe Section Inner Diameter (inches) Length (feet) Roughness Coefficient*
Core Casing 3.00 Top of Test Interval - DTW 140
Packer Assembly 1.00 9.0 150

* Hazen-Williams coefficients for unlined steel 140-150 sourced from Engineering ToolBox (retrieved June 6, 2018).

The intake screen below the packer assembly was fabricated by the driller to facilitate use of the CTD
probe. Because this test assembly was configured in the field from various components, head losses due to
changes in the flow into this custom-designed device were most easily estimated empirically. Thus, packer
test 18 was run as a step-drawdown test at four rates, ranging from 3 to 30 gpm. Upon completion of this
test, the packer assembly was removed from the borehole and the intake screen was removed from the
packer assembly. The packers were then reset, and the test was run again at the same step rates. A third-order
polynomial trendline was fitted to the resultant points of head difference (with and without screen) versus
pumping rate for the two tests (Figure 13). The equation of that line was used to estimate head losses due
to the intake screen for other pumping rates.

Total well losses were estimated as the sum of the friction losses across the packer assembly, core casing,
and intake screen (see Appendix D for example calculation). For tests in which data were available from
the CTD probe, drawdown calculated from the measured pressure change was used as a backcheck on the
well-loss estimates. The CTD probe was situated directly within the open formation, so its measurements
were not subject to the effects of well losses across the testing assembly. Because of this position, the CTD
data best represent the actual formation drawdown but have some limitations.

The CTD probe was outfitted with 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 CTD probe was outfitted with a 100-bar (1,450.38 pounds per square
inch) pressure transducer. Given the water density encountered in OSF-112, this equates to a rated accuracy
of £0.335 ft and a precision of 0.067 ft. The manual DTW readings, by contrast, have an expected accuracy
of at least 0.1 ft and a precision of 0.01 ft.
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Head Loss = -0.0003rate? + 0.0147rate? - 0.0993rate + 0.0532

2.5

1.5

0.5

Measured Head Difference (ft)

-0.5
0 5 10 15 20 25 30 35

Pumping Rate (gpm)

Figure 13. Measured head loss due to the intake screen at different rates of pumping.

Calculated well losses for the 38 packer tests ranged from 0.18 to 11.14 ft, depending on the pumping rate
and depth of the tested interval. If the CTD data represent the true formation drawdown, the error in the
estimated well losses in five tests, for which comparison is available, ranged from -0.30 ft (within the CTD
error range) to 1.32 ft. The reasons for this range of discrepancy are not certain. Given that the differences
were highest in the more productive units, it could be related to well losses due to turbulent flow, which are
not compensated for with the Hazen-Williams correction. Negative values are overestimates and positive
values are underestimates, with the tendency towards underestimation. For the most part, this range of error
does not have a strong impact on the subsequent hydraulic conductivity calculations; however, when the
measured drawdowns are small (i.e., in the most productive intervals), the hydraulic conductivity could be
significantly underestimated.

After head-loss corrections were made, hydraulic properties were estimated from the drawdown data using
an empirical formula presented by Driscoll (1986). This formula estimates transmissivity in a confined
aquifer based on specific capacity as:

T = 9>1<2000
s

Where:
T = transmissivity (gallons/day/ft)

Q = pumping rate (gpm)
s = drawdown (ft)
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After converting transmissivity to square-feet per day units, the hydraulic conductivity was calculated as:

=

k = hydraulic conductivity (ft/day)
b = thickness of the tested interval (ft)

For six tests (27 to 32), the water levels dropped to the pump intake level after less than 5 minutes of
withdrawal at a pumping rate of 4 gpm. The drawdown data from these tests are not valid for analysis, as
the results are more a reflection of the depth of the pump than the permeability of the formation. This is
illustrated in Figure 14, which shows the rate of water level recovery for each test after cessation of
pumping. The drawdown for all tests was the same, but after 30 minutes, water level recovery varied from
6% to 65%. Because the drawdown was near instantaneous relative to recovery rate, these tests can be
treated as slug-out or bail tests. Consequently, recovery data from these tests were analyzed in AQTESOLV
Pro (v.4.5) software (Duffield 2007) using a slug test analytical method developed by the Kansas Geological
Survey (Hyder et al. 1994).
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Figure 14. Rates of water level recovery from tests that rapidly pumped dry.

Hydraulic Analysis Results and Discussion

Results from the hydraulic analysis are summarized in Table 6. The table shows the maximum drawdown
from the manual DTW data for each test after correction for estimated head losses not related to the
formation, the measured drawdown from the CTD probe for tests in which CTD data were available, and
the resultant hydraulic conductivity. Estimated hydraulic conductivity varies by six orders of magnitude in
OSF-112, from as little as 0.001 ft/day in the evaporitic MCU_II to more than 1,000 ft/day in the fractured
dolostones of the APPZ. Where both DTW and CTD data are available, they are not always in close
agreement, due to uncertainty in the estimated head losses and, to a lesser extent, the drawdown
measurements themselves. Table 6 specifies the tests for which uncertainty in the drawdown could have a
notable effect on the resultant hydraulic conductivity.

28



The smaller the actual drawdown, the greater the impact of any error in the drawdown measurement. This
is illustrated in Table 7, which examines the range in hydraulic conductivity estimates due to the accuracy
of the pressure readings from the CTD probe. The CTD drawdown measurements have a measurement
uncertainty range of 0.67 ft (measurement accuracy of +0.335 ft). This possible drawdown measurement
error is a fixed value and a function of the probe sensitivity, but the significance of this error to the estimated
hydraulic conductivity varies. For large drawdowns (e.g., tests 9, 34, and 35), a measurement uncertainty
range of 0.67 ft yields uncertainty in hydraulic conductivity ranging from 0.5 to 1.29 ft/day, an insignificant
variation. Where the measured drawdown is close to the minimum measurable value of the probe
(e.g., tests 7 and 8), the resulting range in hydraulic conductivity varied by almost an order of magnitude,
a significant variation.

As noted in the previous section, the largest source of uncertainty is the error associated with correcting the
measured drawdown for well losses. Unlike error related to instrumentation accuracy, error in the well loss
estimate can vary from test to test. Driscoll (1986) listed numerous factors that lead to well losses, including
roughness of the pipe wall, pipe diameter, flow velocity, density and viscosity of the water, directional
changes in the flow path, obstructions in the flow path, and any change in the cross-sectional area or slope
of the flow path. The Hazen-Williams analysis accounts for losses due to the diameter and roughness of the
pipe, which generally are the largest percentage of the loss in piping systems (Driscoll 1986). The other
factors, though smaller, can be difficult to quantify. A comparison between drawdown estimated from the
corrected DTW data with that from the CTD data indicates the range of uncertainty that might be expected
in these estimates (-0.3 to 1.3 ft). What makes a drawdown error significant is not the absolute value, but
the effect it would have on the resulting hydraulic conductivity estimate. With that in mind, the following
approach is offered as a tool for evaluating the reliability of the packer test results.

The percent error in a hydraulic conductivity estimate for well loss errors ranging from 0.3 to 1.3 ft was
calculated for a total test drawdown ranging from 1.31 (to avoid negative numbers) to 50 ft (Figure 15).
The figure shows that if the drawdown is 15 ft or greater, the estimated error for hydraulic conductivity
should never exceed 10%. Between 5 and 15 ft of drawdown, there is greater uncertainty, with potential
errors up to 25%. Tests with maximum drawdown of less than 5 ft yield highly uncertain results. These
low-drawdown tests are from the most productive units: the APPZ and LFA-upper. This illustrates the
difficulty of properly assessing productive units within small-diameter boreholes. The CTD probe and
below-packer measurement method offer some improvement in limiting the percent error in hydraulic
conductivity estimates due to uncertainty in the formation drawdown to 25% or less.

29



Table 6.  Summary of results from the hydraulic analysis.
Head Loss Hydragli_c
T;St Hydrogeologic Unit DI (] Correction Co?f(:/lg;;\)my Solution Method
DTW CTD Error (M) "5tw [ cTD
1 UFA-upper 7.25 335
2 UFA-upper 13.45 11.9
3 UFA-upper 15.53 9.6
4 OCAPIpz 27.13 5.9
5 OCAPIpz 35.34 3.6
6* APPZ 143 130
Vel APPZ 1.17 0.10 1.07 213 2,481
8* APPZ 1.39 0.07 1.32 180 3,722
9 APPZ 15.92 15.59 0.33 18.5 18.9
10* APPZ 0.16 750
11 MCU _I 14.00 21.0
12 MCU _I 12.72 19.6
TR T 560 e Drscll 1986
15 MCU _I 25.90 55
16 MCU _I 22.03 7.3
17 MCU _I 19.99 8.0
18 MCU _I 22.37 12.0
19 MCU_I 14.28 11.9
20 MCU_I 25.93 7.9
21 MCU_I 13.02 18.5
22 MCU_I 32.32 2.2
23 MCU_I 33.78 2.1
24 MCU_I 35.28 2.0
25 MCU_I 31.83 2.8
26 MCU_I 45.13 0.8
27 MCU_II 50.06 0.06
28 MCU_II 49.94 0.14
W v o o rycer etal. (1999
31 MCU_II 49.60 0.003
32 MCU_II 50.01 0.002
33 |MCU_II to LFA-upper 38.80 39.10 -0.30 2.8 2.7
34 LFA-upper 12.98 11.79 1.19 20.6 22.7
35* LFA-upper 1.64 163 .
36* LFA-upper 3.60 743 Driscoll (1986)
37 LFA-upper 7.57 35.3
38 LFA-upper 5.76 46.4

* Uncertainty in the drawdown could result in a significant underestimate of hydraulic conductivity.
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Table 7.

Variation in estimated hydraulic conductivity from CTD probe data as a function of the

measurement accuracy (+0.335 feet) of the CTD pressure sensor.

Packer | CTD Drawdown Range (feet) Hydraulic Conductivity (feet/day)

Test# | Measured |(+) 0.335|(-) 0.335|Measured Drawdown|Drawdown (+) 0.335|Drawdown (-) 0.335|Range
7 0.10 0.44 <0* 2,481 573 3,722 3,149
8 0.07 0.40 <0* 3,722 621 3,722 3,101
9 15.59 1593 | 15.26 18.87 18.47 19.28 0.81
34 39.10 39.44 | 38.77 2.74 2.71 2.76 0.05
35 11.79 12.13 | 11.46 22.68 22.05 23.34 1.29

CTD = conductivity, temperature, and depth.
* Low end of the error yields negative drawdown, so an assumed drawdown of 0.067 feet, the minimum measurable value, is
used for resulting hydraulic conductivity estimate.
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Figure 15. Error of hydraulic conductivity estimates as a function of total test drawdown for observed
range of error in well loss estimate.

Water Quality and Inorganic Chemistry

Thirty-two discrete water samples were collected during packer testing at OSF-112 to characterize the water
chemistry variation in the FAS at the S61 Locks site. Field parameters (temperature, pH, and specific
conductance) were recorded on site with a YSI 600XL multiprobe, and each sample was collected and
submitted for laboratory analysis in accordance with the project’s Water Quality Monitoring Plan (SFWMD
2017). Major cations and anions, silica, dissolved iron and strontium, and stable isotopes of oxygen and
hydrogen (*¥0 and 2H) were analyzed in each packer test sample. A summary of the results is provided
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here; complete results from the testing program are available for download from the District’s DBHYDRO
database (www.sfwmd.gov/dbhydro). Field parameters and quality assurance data from individual samples
are summarized in Table 8, and major ion chemistry is provided in Table 9. The discrete samples are
organized from shallowest to deepest to allow differences between hydrogeologic units to be more easily
distinguished.

Table 8.  Field and quality assessment sample summary. (Note: Bolded values exceed the secondary
drinking water standard.)

Field Parameters Sample lon Balance TDS to
Sampled Depth Specific Sum of Sum of TDS Specific
(ft bls) pH Temp. (°C)| Cond. Anions | Cations |Balance % | (mg/L) |Conductivity

(uS/em) | (meg/L) | (meg/L) Ratio
170-200 1.7 24.5 251 2.60 2.60 -0.16% 155 0.62
200-250 7.8 24.0 244 2.54 2.48 1.16% 157 0.64
250-300 7.9 -- 250 2.57 2.48 1.63% 152 0.61
300-350 7.7 - 279 2.66 2.72 -1.23% 161 0.58
350-400 8.3 24.4 303 2.83 2.98 -2.78% 184 0.61
400-440 7.6 23.8 305 2.59 2.61 -0.55% 162 0.53
440-470 7.7 24.8 304 2.79 2.57 4.02% 162 0.53
470-500 7.5 24.5 305 2.71 2.60 1.84% 168 0.55
500-520 7.4 24.5 303 2.76 2.67 1.72% 182 0.60
520-570 7.6 25.1 302 3.26 3.14 1.79% 192 0.64
570-590 7.8 24.9 840 9.80 9.37 2.07% 652 0.78
590-620 7.3 24.7 811 9.02 9.18 -1.01% 655 0.81
620-650 1.7 26.1 1,265 15.67 15.42 0.60% 1,099 0.87
650-680 7.6 26.2 1,305 15.52 15.42 2.12% 1,139 0.87
680-710 7.5 25.3 1,249 15.94 15.38 1.59% 1,108 0.89
710-740 7.7 25.5 823 8.94 8.98 -0.42% 628 0.76
740-7702 7.6 25.4 989 12.72 11.16 6.37% 751 0.76
770-800 7.5 25.2 1,203 14.37 14.59 -0.76% 1,008 0.84
800-830 7.8 25.2 1,389 16.58 17.27 -2.25% 1,197 0.86
830-860° 7.7 24.9 1,482 18.18 14.78 10.09% 1,316 0.89
860-890 8.3 25.4 1,694 20.12 21.27 -2.96% 1,483 0.88
890-920 7.4 25.5 2,107 27.81 28.01 -0.55% 2,000 0.95
920-950 7.4 26.3 2,263 31.11 31.77 -1.34% 2,297 1.02
950-950 7.2 26.1 2,292 32.99 32.21 0.87% 2,345 1.02
980-1,010 7.1 27.6 2,467 33.87 35.24 -2.18% 2,533 1.03
1,010-1,040° 8.0 25.8 1,688 24.79 23.83 1.54% 1,766 1.05
1,220-1,250 7.4 25.6 2,445 33.83 32.74 1.35% 2,332 0.95
1,250-1,280 7.6 22.9 867 8.13 7.95 1.56% 528 0.61
1,280-1,310 8.1 25.8 906 8.22 8.24 0.51% 531 0.59
1,310-1,340 8.0 23.0 882 8.16 8.04 0.78% 563 0.64
1,340-1,370? 7.8 23.2 746 8.63 7.17 9.00% 495 0.66
1,370-1,400 7.7 21.8 743 7.40 7.09 1.79% 471 0.63

°C = degrees Celsius; pS/cm = microsiemens per centimeter; ft bls = feet below land surface; meg/L = milliequivalents per liter;
mg/L = milligrams per liter; TDS = total dissolved solids.

@ Potentially unreliable: ion-balance error is above the threshold for acceptance.

b Potentially unreliable: very low purge volume, could result in mix of formation and drilling fluids.
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Table 9.  Major ion composition with depth. (Note: Bolded values exceed the secondary drinking water

standard.)
Sampled Anions (mg/L) Cations (mg/L)
De&t?) (ft Chloride | Bicarbonate | Sulfate | Sodium | Magnesium | Calcium | Potassium |Strontium*| Iron
170-200 7.5 138 6.4 6.1 54 37.2 <1 <1 <0.3
200-250 7.4 129 7.1 7.2 53 35.2 <1 <1 <0.3
250-300 7.5 130 5.9 6.3 53 36.4 <1 <1 <0.3
300-350 8.2 141 8.0 5.8 6.6 36.6 <1 <1 <0.3
350-400 9.0 151 12.1 6.3 8.0 37.2 <1 <1 <0.3
400-440 6.9 123 18.9 4.7 7.2 35.1 <1 <1 <0.3
440-470 6.6 122 18.6 4.8 7.9 37.9 <1 <1 <0.3
470-500 6.4 122 20.4 4.8 7.6 36.7 <1 <1 <0.3
500-520 6.8 124 21.2 4.9 7.6 37.8 <1 <1 <0.3
520-570 6.7 127 414 55 9.1 443 <1 1.1 <0.3
570-590 6.0 128 341 4.8 31.1 136 1.1 7.9 0.5
590-620 6.0 137 325 7.0 28.8 123 1.0 8.0 0.3
620-650 55 128 632 4.7 49.6 219 1.4 15.4 0.9
650-680 5.4 129 631 4.4 49.8 216 1.4 16.2 0.8
680-710 55 132 627 4.6 51.1 222 1.3 15.6 0.8
710-740 6.3 144 309 4.6 27.7 124 1.3 9.1 0.5
740-770 5.7 134 423 4.0 44.1 172 1.3 10.6 0.4
770-800 5.3 129 592 3.6 48.4 195 1.3 19.9 0.7
800-830 5.1 125 723 3.7 56.4 225 1.3 18.8 1.0
830-860 49 125 605 4.1 62.1 248 1.3 17.4 1.0
860-890 11.0 121 911 3.9 68.4 278 1.4 15.7 0.9
890-920 4.4 122 1,242 4.1 91.0 394 1.7 13.7 15
920-950 7.9 124 1,416 4.6 102 441 1.8 12.8 2.1
950-950 5.8 124 1,441 4.4 113 460 2.0 12.9 2.3
980-1010 6.8 124 1,584 4.4 120 467 2.3 12.4 2.4
1010-1040 5.1 130 1,034 8.1 74 356 1.6 13.9 35
1220-1250 50 134 1,399 30.9 106 464 4.3 12.8 2.9
1250-1280 | 111.0 105 149 59.7 21.4 73.8 2.7 4.3 0.8
1280-1310 138 99 131 75.7 22.2 61.4 3.1 2.7 0.8
1310-1340 133 101 126 73.6 21.8 60.7 3.0 2.6 0.9
1340-1370 102 100 127 59.3 25.7 75.4 2.6 2.6 0.7
1370-1400 | 99.3 101 126 56.9 20.5 61.4 2.5 2.4 0.8

* Values shaded in blue indicate the analyte is not currently regulated but exceeds the United States Environmental Protection
Agency’s proposed health reference level for strontium of 1.5 mg/L.

Two major breaks are apparent in this data set: the first at 570 ft bls and the second at 1,250 ft bls. Above
570 feet bls, water is very fresh, meeting all drinking water standards for naturally occurring ions.
Bicarbonate is the dominant anion, and calcium the dominant cation. Below 570 ft bls, there is a gradual
increase in salinity with depth, but the salinity derives primarily from sulfate rather than chloride. A
maximum specific conductance of 2,467 uS/cm was recorded from the collected water samples. This value,
which came from the 980- to 1,010-ft bls interval, is somewhat misleading as the very low permeability of
the rock from 1,040 to 1,220 ft bls prevented any water quality samples from being collected at those depths.
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CTD data from the 1,070- to 1,100-ft bls interval yielded a specific conductance of 2,800 uS/cm and
continued to trend upward when the probe was removed. This indicates that overall salinity continued to
rise across the sampling gap (i.e., higher salinity exists within the very low-permeability MCU_II unit).
Below the 1,220- to 1,250-ft bls packer test interval, a freshwater inversion occurs. Salinity drops abruptly,
reflected by a 77% decrease in total dissolved solids between the adjacent packer tests. There is a decrease
in multiple ions across this depth, but an increase in sodium and chloride concentrations. TDS
concentrations continued to decline slightly from 1,250 ft bls to the total drilled depth of 1,400 ft bls. This
deep fresher water zone is chemically distinct from the waters above 570 ft bls. It is greatly enriched in
multiple ions, particularly sodium and chloride. Figure 16 illustrates the variations in major ion
concentrations with depth.
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Figure 16. Variation in ion concentration (mg/L) with depth. Points are positioned at the middle of the

tested interval.
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Samples were further examined using the geochemical pattern analysis method developed for the FAS by
Frazee (1982) to relate the chemical signature to recharge source, residence time, and saltwater intrusion.
The Frazee water types are defined in Table 10. Figure 17 shows how the packer test samples conform to
the water types on Frazee’s pattern overlay.

Above 570 ft bls, the formation water falls into the FW-1 and FW-II types of Frazee (1982). These are the
purest and youngest forms of limestone water, having a definite calcium bicarbonate dominance. From
570 to 1,250 ft bls, the formation water becomes increasingly enriched in calcium, magnesium, and sulfate
through prolonged contact with the formation rock. These waters, which plot into Frazee type FW-1V, are
an older form of the FW-1 and FW-I11 types and developed due to limited vertical circulation and insufficient
lateral influx of fresh recharge water. Below 1,250 ft bls, water samples fall into the TCW water type. The
term “transitional” is used to indicate waters that are evolving through chemical reaction with the host rock
or mixing with other chemically distinct water masses. Higher chloride content in these waters is assumed
to be derived from inadequate flushing after deposition rather than active lateral intrusion.

Table 10. Description of Frazee (1982) water types.

Abbreviation Description Characteristics
FW-I -T-;e;g IRecharge Water Rapid infiltration through sands, high calcium bicarbonate (CaHCO3).
Infiltration through sands and clay lenses, CaHCOsz with sodium (Na),
FW-I1 .Fr;fsg I'Te"harge Water | cuifate (SO4), and chloride (CI).
Marginal type Il waters are beginning to transition toward FW-1V.
EW-III Fresh Recharge Water Infi_ltratio_n through clay-silt estuarine depositional environment, high
Type HI sodium bicarbonate (NaHCQO3).
FW-IV Fresh Formation Water Fre_sh water, Iqw (_:a}lcium (Ca), magnesium (Mg), SO4, and CI. Vertical
Type IV infiltration insignificant. Older form of FW-I1 or FW-III.
TW-I Transitional Water S_eawater begins to dor_nin_ate source water; Cl beg_ins to dominate
Type | bicarbonate (HCO3) with increasing sodium chloride (NaCl) percentage.
TW-II Transitional Water Transiti_onz_all water with source water still dominant, HCO3;— SO mixing
Type ll zone with increasing CI.
TCW Transitional Connate | Connate water dominates source water, SO4 begins to dominate HCO3
Water with increasing CI.
TRSW Transitional Seawater | Transitional water with seawater dominating source water.
Highly mineralized fresh water with high total dissolved solids and
Ccw Connate Water 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.
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Figure 17. Water-type classification of packer test sample data, illustrating distinctions between
hydrogeologic units (Modified from: Frazee 1982).

Stable isotopes of oxygen and hydrogen (*30 and ?H) were analyzed to identify distinctions between source
waters and the hydrogeologic units penetrated during coring and packer testing operations (Figure 18).
Craig (1961) first noted a linear relationship between 80 and ?H isotope values measured in precipitation
from all over the world. This relationship 2H = 8 180 + 10 parts per thousand (%o) has become known as the
global meteoric water line. All OSF-112 water quality samples plot close to the global meteoric water line,
implying that none of the source waters experienced a prolonged period of evaporation prior to recharge.
Compared to the wide range of ¥0 and 2H observed in modern rainfall around the world, the samples from
OSF-112 are very similar, 0 ranging from -3 to -2%o, and 2H from -15 to -6.5%o. Despite this relatively
narrow range of absolute values, the stable isotope results clearly cluster by hydrogeologic unit, indicating
conditions during recharge to each unit were not identical. With the exception of the two tests immediately
underlying the APPZ, samples collected from the MCU clustered in the upper right quadrant of the plot,
possibly indicating that environmental conditions were slightly warmer when those waters initially were
recharged into the aquifer.
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Figure 18. Stable isotopic ratios of 2H and 80 from OSF-112 packer test water quality samples, shown
relative to the global meteoric water line.

Geophysical Logging

Borehole geophysical logs collected during the construction of OSF-112 and earlier construction of OSF-53
are listed in Table 11.

Table 11. Geophysical log inventory for the S61 Locks site.
OSF-53 OSF-112
Date 9-Sep-82 | 3-Dec-15 | 5-Jan-15 | 17-Oct-17 | 9-Jan-18 | 16-Jan-18 | 17-Jan-18
Logging Company SFWMD | Baker Baker ABS ABS ABS USGS
Logged Interval (ft bls) 0-955 165-979 | 0-532 0-165 570-1,400 0-547 350-1,335
Caliper v v v v v
Natural Gamma v v v 4 v v
Normal Resistivity v v v v v
Dual Induction/ _ v v
Spontaneous Potential
Neutron Porosity v
Sonic Porosity v
Flow Meter v
Temperature v v v v
Fluid Resistivity v v v v
Downhole Video v v
Optical Borehole Imaging v

ABS = Advanced Borehole Services; Baker = RMBaker LLC; ft bls = feet below land surface; SFWMD = South Florida Water
Management District; USGS = United States Geological Survey.
v’ Collected under pumped flow conditions.

v’ Collected under static flow

conditions.
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The January 9, 2018 logging run from 570 ft bls to total depth had to be conducted through the core casing
to protect the logging tools from loose rocks above 570 ft bls. This placed diameter restrictions on the
logging suite; therefore, down-hole video, porosity, and flow logs could not be conducted, and the OBI log
had to be run uncentralized, which reduced image quality. Geophysical logs collected as part of this project
are provided in Appendix E.

Laboratory Core Analysis

Nineteen core samples from lower-permeability sections of the corehole were shipped to Core Lab in
Houston, Texas for more extensive analysis. Samples were selected based on the following objectives:
1) assess the heterogeneity and anisotropy of permeability within a packer test interval; 2) evaluate the
reliability of visual assessments of apparent permeability; and 3) evaluate the presence of clay and evaporite
minerals at scales not visible to the naked eye. Vertical and horizontal permeability calculated from
conventional plug analysis were used to address objectives one and two, while objective three was
addressed via thin-section petrographic and bulk XRD analyses. Sample depths and analyses run relative
to the packer test interval and visual assessment of apparent permeability are summarized in Table 12.

Table 12.  Summary of samples selected for laboratory core analysis. Samples from adjacent rows of the

same color (blue or white) were collected from the same 10-foot core run.

Approximate . Vertical . . Apparent

Sample Dept| OO | permeabily | TSN | pp | permeability | Pk
(ft bls) Porosity (Visual)
632 -- Yes -- -- Low 13
643 -- Yes -- -- Low 13
655 -- Yes -- -- Low 14
661 -- Yes -- -- Low 14
777 Yes Yes -- -- High 18
786 Yes Yes -- -- Medium 18
795 Yes Yes -- -- Low 18
805 Yes Yes -- -- High 19
813 Yes Yes -- -- High 19
822 Yes Yes -- -- Medium 19
828 Yes Yes -- -- Low 19
862 -- Yes -- -- High 21
872 Yes Yes - - Low 21
881 Yes Yes -- -- Medium 21
887 Yes Yes -- -- High 21
912 -- Yes Yes Yes Low 22
945 - Yes Yes Yes Low 23
963 -- Yes Yes Yes Low 24
979 -- Yes Yes Yes Low 24

ft bls = feet below land surface; XRD = x-ray diffraction.

The Core Lab report of the conventional plug analysis is provided in Appendix F. Table 13 contains a
summary of the results, with permeability units converted from milli-Darcy to ft/day to facilitate ease of
comparison with the packer test results. As expected from the scale of the plug analyses, the laboratory
permeability is considerably lower than that derived from packer testing within the cored interval. The sole
exception to this occurred in the sample from 945 ft bls. That sample was found to have Klinkenberg
permeability of 11.9 ft/day (4,409 milli-Darcy), more than an order of magnitude higher than results for the
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other samples collected from this low-permeability zone. Based on conversation with the laboratory (Joel
Henderson, Core Laboratories, personal communication), if the core sample has been broken or otherwise
lacked integrity, it would not have been tested, and the result was more likely to be a statistical anomaly.
The tested sample is small relative to the entire core, about an inch, so that an anomaly such as a fossil mold
or burrow could lead to an unrepresentative permeability result. Because of this, and the extreme
discontinuity between the apparent and measured permeability, the measured value in this plug is believed
to represent a statistical anomaly. It is not representative of the core as a whole and was consequently
omitted from further analyses.

Table 13.  Summary results of conventional plug analysis.

Approximate Depth Horizor)ta}l Hydraulic Vertich_HydrauIic Porosity Grain Density
(feet bls) Conductivity (feet/day) Conductivity (feet/day) (g/cm®)
632 0.876 48% 2.79
643 0.175 35%° 2.81
655 0.051 46% 2.79
661 0.008 49% 2.79
777 3.044 1.565 42%? 2.82
786 2.705 1.411 31% 2.82
795 0.435 0.208 24% 2.84
805 0.526 0.403 37% 2.83
813 0.243 0.404 26% 2.81
822 0.379 0.260 36% 2.83
828 0.038 1.044 x 10°° 3% 2.78
862 --b 0.122 33% 2.80
872 4,188 x 10° 6.286 x 106 6% 2.71
881 0.230 0.182 19% 2.81
887 3.257 2.387 35% 2.82
912 0.262 43% 2.81
945 11.904°¢ 42% 2.82
963 6.554 x 10 10% 3.16
979 0.305 29% 2.84

bls = below land surface; g/cm® = grams per cubic centimeter.

& Short sample, porosity may be optimistic due to lack of conformation of boot material to plug surface.
b Horizontal sample unsuitable for measurement at stress.

¢ Anomalously high hydraulic conductivity, unrepresentative of core as a whole.

Measured porosity from the laboratory analyses ranged from 3% to 48% in the plugs. Permeability varied
more widely, more than seven orders of magnitude, from 1 x 10 to 2.4 ft/day (discounting the anomalous
value at 945 ft bls). It is clear from Figure 19 that there is a correlation between measured porosity and
vertical permeability at the core scale. Variations in porosity could account for approximately 54% of the
variation in vertical permeability. Porosity data are much more widely available than permeability data due
to the availability of geophysical log-derived porosity. Therefore, it often is tempting to assume high
porosity must equate to high permeability in carbonate aquifers. That this correlation is not stronger helps
illuminate the danger of that assumption. Both horizontal and vertical permeability were measured in
10 core samples from OSF-112 to evaluate anisotropy within MCU_I (Figure 20). In isotropic media, a
plot of horizontal versus vertical permeability would have a slope of one. As seen in Table 13, the horizontal
to vertical hydraulic conductivity ratio is far from consistent; however, based on that limited sample
population, linear regression indicates 60% of the horizontal permeability value would be a reasonable
prediction for vertical permeability. Additional samples are required to assess the reliability of this ratio as
a general rule for MCU_I.
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Thin-section petrographic and bulk XRD analyses were conducted on four core samples from near the base
of MCU_I (Appendix F). The packer tests in this region of the corehole yielded hydraulic conductivity of
approximately 2 ft/day. The samples were selected based on low apparent permeability, with the objective
of the XRD analysis to assess the presence of clay or evaporite minerals in-filling matrix porosity at scales
not visible to the naked eye. Three of the four samples (912, 945, and 962 ft bls) were almost entirely
dolomite. The deepest sample (979 ft bls) was predominantly limestone; however, a substantial percentage
was replaced with evaporite mineral celestite.

The major weakness of core permeability analysis is that it samples only a small percentage of the total
rock material. XRD analysis uses the trim ends of the core permeability sample, which is an even smaller
percentage of the total rock. The grain density results help to scale XRD up to the whole core level. In the
979 ft bls sample, XRD reported 39.7% celestite, but grain density was only 2.84 grams per cubic centimeter
(g/cm?). Given the density of the individual minerals (Table 14), 2.84 g/cm3is too low for a rock composed
of nearly 40% celestite. The whole plug could be no more than 11% celestite by weight. In contrast, XRD
analysis yielded only 0.3% by weight of celestite in the core sample at 962 ft bls, but from the grain density
of the plug (3.16 g/cm?), it can be safely assumed that a larger amount is present in the sample as a whole.
Assuming the plug was composed entirely of dolomite and celestite, almost 30% celestite would be required
to yield that grain density given the density of the pure minerals (Table 13). None of the other plugs sampled
exhibited grain densities clearly indicative of anything but limestone, dolostone, or some combination of
the two; but as celestite is the most likely source of strontium in the packer water chemistry results
(Figure 16), it may be present as a minor constituent throughout the MCU.

Table 14.  Grain density for primary minerals within OSF-112 (Adapted from: Mason and Berry 1968).

Mineral Formula Grain Density
Gypsum CaSO4H>0 2.32
Calcite (Limestone) CaCO3 2.71
Dolomite (Dolostone) CaMg(C0Os), 2.85
Anhydrite CaS0, 3.00
Celestite SrSO4 3.90

Water Levels

Changes in water level with depth are the most reliable indication that there has been a breach of
confinement during drilling. DTW recorded at the end of recovery during packer testing operations most
accurately reflects static water level within the geologic formation. Referenced water levels calculated from
DTW at end of recovery during packer testing are presented in Figure 21. The blue points show the absolute
water level at the end of recovery from OSF-112 packer testing. Because these measurements were recorded
over approximately 3 months (October 20, 2017 to January 5, 2018), it is necessary to differentiate between
regional changes in water level over this time and those related to changes in depth. To this end, the orange
points show the background water level from the nearest off-site FAS monitor well, OSF-64, at the same
date and time of each packer test reading. The difference between these two water levels (black squares)
best reflects depth-related change.

OSF-64, located 6.4 miles southeast of OSF-112, is open to UFA-upper. This is the same hydrogeologic
unit to which OSF-112 was open at the beginning of coring operations. While OSF-112 is within
UFA-upper, static water levels are approximately 0.5 ft lower than OSF-64. This difference increases
slightly across the OCAPIpz to a difference of approximately 0.75 ft. Levels in OSF-112 decline another
0.4 ft from 570 to 620 ft bls, then remain stable to a depth of 710 ft bls. Below 710 ft bls, there is an abrupt
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0.5-ft rise in water level back to APPZ levels. These levels hold to a depth 770 ft bls. Below that point to
1,010 ft bls, water levels steadily decline relative to those in OSF-64 to a maximum difference of 2.25 ft
below the OSF-64 baseline. From 1,010 to 1,250 ft bls, the tightness of the geologic formation made the
time required for complete water level recovery prohibitive, so absolute water levels within that portion of
the geologic formation could not be recorded. From 1,250 ft bls to total depth, there is a noticeable reversal.
Water levels in this interval are 2.5 ft higher than the last recorded values, indicating good confinement
between 1,202 and 1,250 ft bls. Where heads in the upper portion of the corehole are 0.5 ft lower than those
in OSF-64, the heads at the bottom are 0.5 ft higher, indicating an upward head gradient from the lower to
the upper FAS at this location.
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Figure 21. Recovered water levels from packer testing in OSF-112, relative to time-variant changes in
water-level from off-site monitor well OSF-64.
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APPENDIX A:
WELL CONSTRUCTION SUMMARY

A-1



Start Date

End Date

Activity

Site Geologist

9-Oct-17

13-Oct-17

Huss Drilling rig mobilization, SPT to 60’ bls, Ream 16" mud rotary
and Set 60" of 12-inch PVC surface casing, Drill 4-inch mud rotary
pilot hole from 60’ to 169" bls

E. Richardson

16-Oct-17

20-Oct-17

Ream 12" mud rotary, Log mudded hole 0 -169 (ABS Geophysical),
Install 169" 8-inch PVVC conductor casing, Core 170 - 230 ft bls,
Conduct packer test #1 (170 - 200 ft bls)

B. Collins

23-Oct-17

27-Oct-17

Core 230- 415 ft bls, Conduct packer tests: #2 (200 - 250 ft bls), #3
(250 - 300 ft bls), #4 (300 - 350 ft bls), #5 (350 - 400 ft bls)

L. Lindstrom

30-Oct-17

2-Nov-17

Core 415 -550 ft bls, Conduct packer tests: #6 (400-440 ft bls), #7
(440-470 ft bls), #8 (470-500 ft bls), #9 (500-520 ft bls)

E. Geddes

6-Nov-17

10-Nov-17

Core 550 -728 ft bls, Conduct packer tests: #10 (520-570 ft bls), #11
(570-590 ft bls), #12 (590-620 ft bls), #13 (620-650 ft bls), #14 (650-
580 ft bls), #15 (680-710 ft bls)

B. Collins

13-Nov-17

17-Nov-17

Core 728 -879 ft bls, Conduct packer tests: #16 (710-740 ft bls), #17
(740-770 ft bls), #18 (770-800 ft bls) [step], #19 (800-830 ft bls),
#20 (830-860 ft bls). Note: Temporary 4-inch casing fell 50' down-
hole 17-nov-17, after some effort, Kevin was able to hook back into
it with additional temporary casing.

E. Richardson

18-Nov-17

26-Nov-17

NO WORK - THANKSGIVING HOLIDAY

27-Nov-17

1-Dec-17

Core 880-1,010 ft bls, Conduct packer tests: #21 (860-890 ft bls),
#22 (890-920 ft bls), #23 (920-950 ft bls), #24 (950-980 ft bls), #25
(980-1010 ft bls)

B. Collins

4-Dec-17

8-Dec-17

Core 1,010-1,130 ft bls, Conduct packer tests: #26 (1010-1040 ft
bls), #27 (1040-1070 ft bls), #28 (1070-1100 ft bls), #29 (1100-1130
ft bls). Note: Air-line broke while retrieving packer #29, and packer
became stuck in core casing. The cable had to be cut, and all core
casing broken out of the hole to retrieve it.

E. Richardson

11-Dec-17

15-Dec-17

Core 1,130-1,230 ft bls, Conduct packer tests: #30 (1130-1160 ft
bls), #31 (1160-1190 ft bls), #32 (1190-1220 ft bls)

B. Collins

18-Dec-17

21-Dec-17

Core 1,230-1,340 ft bls, Conduct packer tests: #33 (1220-1250 ft
bls), #34 (1250-1280 ft bls), #35 (1280-1310 ft bls)

L. Lindstrom

25-Dec-17

29-Dec-17

NO WORK - CHRISTMAS HOLIDAY

2-Jan-18

5-Jan-18

Core 1,340-1,400 ft bls [Total Depth], Conduct packer tests: #36
(1310-1340 ft bls), #37 (1340-1370 ft bls), #38 (1370-1400 ft bls).
Note: Air-line broke 1/2/17 during 1st attempt at PT#36, but packer
and line were retrieved without having to break-out, causing only
one day delay.

J. Janzen

8-Jan-18

19-Jan-18

8 hours of well development in preparation for geophysical logging:
ABS partial base logs 570-1400 ft bls, USGS OBI tool stuck in hole
at 1,395 ft bls, were able to dislodge and retrieve, but could not
collect data. Note: ABS unable to run camera, flow or porosity
through 2.5" core hit. Logs to be completed following week.

E. Richardson

15-Jan-18

19-Jan-18

ABS Log 0 - 540 ft bls (Rock blocking corehole @540 ft bls
prevented overlap with previous log-run). USGS OBI log through
core casing (no centralizers). Begin borehole backfill: gravel 1,400 -
1,290, 1,290 - 1,247 with neat cement grout.

S. Krupa

22-Jan-18

26-Jan-18

Complete grout backfill of OSF-112 from 1,247 to final depth of 595
feet bls. Ream nominal 8" borehole to 430 feet bls and set final 4"
PVC casing with cement baskets. Grout casing to land-surface.

K. Smith

A-2




Start Date

End Date

Activity

Site Geologist

29-Jan-18

2-Feb-18

Ream corehole to 595 feet. Complete final development of OSF-112.
Remove rig from OSF-112 to OSF-53, hard-tag bottom of the well
@ 947 feet bls. Begin borehole backfill operations. Grout backfill
from 947 to 661 feet bls, then gravel backfill from 661 to 481 feet
bls.

L. Lindstrom

5-Feb-18

7-Feb-18

Complete backfill operations at OSF-53; gravel from 481 to 422 feet
bls followed by grout to OSF-53R final depth of 300 feet bls.
Complete final development of OSF-53R, and well-head and well-
pad installations. Huss Drilling de-mobilized from the site.

E. Richardson
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WELL COMPLETION REPORTS
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Dete 32077 11:36A4 Mo 1263 B 6

AW ATIANTD

STATEOF FLORIDA PERMIT APPLICATIONTO CONSTRUCT,

REPAIR, MODIFY, ORABANDON A WELL petnd No.
EI Sculhusst PLEASE FILL OUT ALL APPLICABLE FIELOW Ekrida Uniqite 1)
EX Nosthweat {*Danoles Requitad Flelds Where Applicable) Jeami Stipalations Requited (5ee Aftachad)
gg‘ l{ghi?l:ﬁ’:;:a{ Thewoterseleonnadtar kreapans ke for compledlip
Sg:;ﬁl'lnaa Rlver lbn'sfwm nw,ﬁunva.‘rﬁw Ib! p(rm'ruyp\'radonhw 62-624 Quad He. Dalgwsation No,
CUPMWUP Application No,
ﬁﬁgfgul&d Auihurity (‘f’\PPikﬂbk’J m@\a-« T RGOV HI ORU DAL O Y

) B3
Rrass k4 L%‘%ﬁi\} M{Y\pp SW : 8‘.}73@2;0"& Nummber |
}_:tczs.‘mc:ib

Lot Block T U
4. A Cneek 162-524 Kvas Dine

3
*Sardlon or Lagd Gt “Towneitlp  “Renge Taurly . Subdivizion .. -
s ER 0(?:%; ﬁa'ﬁte‘_’!‘fﬂ'm 8
“Wata/Welt Conlracio “Licenss Nomber *Teleph mber E-mut Addrese
. 28030 Sinde Roag S L VY. FWsan
“Watar Well Conligetors-Address Clty State Zip

7. *Typa of Work: onstrucion,  E8Fepar R Modificalion B Abandonment
5. "Numbsr ¢4 FTOPDWE!' Walk ,_mw.!qu speeashn [or AEgod, MOERLasen, o Absrdnmori -
0. *Speclty intended Use(s) of Wellis) Urata Baamp
[ IDomestc [1i.andscaps fiigation [l agricuttural rdgation L gtle Investietions
Clsotier Water Supply  [IRecreation Aven Imigation L] Uvasiock niterng
[Public Water Supply {Limilad Lisa/DXOH) {IMursery Iigation [ Test
Ll ublle Water Supply {Commumby or Non-CommunityDEP) L] Commarcialindusttal [ £arth-Coupled Geathamnsl
Cehass | Injecton HGalf Courss Irsgation  [THYAG Supply
[THvAC &otum:
Clss V fjectionr:  FiReshuge  BCommerciatiincustdal Dispesal K Aquiter Storage and Recovesy  ElDralnage
Remedialion, EdRecovery Klar Sporge  El0iner [Dasciba) omle! Uaa Oty
F20thar (ascrnny VA

10 Dislenca from Septic System if S 200 R 11, Faglliiy Dageidption - 12 Estimated Sterd Dele /€
13 Eetimalzd Wil Dspttfza€ T X *Eetimeted Casing Depl X, Primory Casing Diameler__SZ.__in,  Opan Hote: From___: Ta .

14, Estimeted Scraen Interval: fro To

16Pimaly Caslng Materlal;  FiBlack Stest  ElGuivonlzed 'YH\JC/ DI staintess Slos!
3 vl Cased Eiomher,
t0. Secondary Caslng:  E¥Telescope Caslng Liveer B sutece Caging  Dameler,.. in,

17. Seconday Casing Matedal: Kl black Sleel  TiGavankzed 3PV E Stalotess Stoal Elother
16*Maltiod of Construclion, Rapnlr, of Abandonment.  BAuger  CdGubla Tuol Jetieddotary B genle

A Comprinalion (Two or More Methods) EfHand Driven (Wetl Point, Sand Palnty B tydrautic Polat (Dlrect Push)
Bltorizontal Dnilng  E3Plugged by Appravad Mathod Eloter wesas)

19. Proposagd Grouting Int the Peimary, Sesondory, shd %\:’nﬁf Coolng:
_ Fom ") T %w Seal Mateiial { LA Bentosita tGomont ElOther )

From_____To Beat Malortal {BRontordle LMoot Cemont  KdOther )
Fram_____To Seal Maleris!  EBBentontts ENeal Gomont  Bother 3
From_____To Soal Materlal (E30entorite EZveol Cemant Efomer___ )
28, indleats tetel numbaer of axlaling wols onslte Liet numiser nfaxiaﬂng unnand wille on slte .%_
21.%12 this well or any existing wall or waler with the owners conliguous properly coverod Undar & Consumptvéalar Use Pemll (CUPAMUP)
or CUPANUP Agplication? Yes Mo I yes, ghmpleto tho following: CUPMUP Nae o DisdctWolliDNo.
22. Latihule Lo

2. Dafa Oblatned Hom ) Esurvay alum; NAD 27 £ __NADGE3 WGES 84
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STATE OF FLORIDA WELL COMPLETION REPORT

O Southwest

PLEASE, FILL OUT ALLAPPLICABLE FIELDS

Date Stamp

I Northwest

[15t. Johns River
[1South Florida
[1Suwannee River

0D e
@Authonw {If Applicable) &ﬁ le;

(*Denotes Required Fields Where Applicable)

Officlal Use Only

1.*Pemit Numbe%ké !7 Q@L 55— *CUP/WUP Number *DID Number 62-524 Delineation No.
2.*Number of permitted wells constructed, repalred or abandoned Z *Number of permitted wetls ngt constructed, repaired, or abandoned
3.*Owner's Name S m 4. *Completion Date(g JE¢y b, Florida Unique ID
s Lo
e [ @Mmr% Vo Fussimmee,  BAL 24255
“Well Loc wdress R}ad Name or Number, City, 7P 7
7. *County *Section Land Grant *“Township *Range
8. Latitude Longitude
9. Data Obtained From: GPS Map Survey Datum: NAD 27 NAD 83 WGS 84
10.*Type of Work: Eﬁf&mstru(:tion Repair Madification Abandonment
11.*Specify Intended Use(s) of Well(s): N . -
N —_ Agricultural Irrigation ite investigation
Domestic Landsca.pe lrrlgatlo‘n . Livestock Monitoring
Botﬂ.ed Water Supply . Recreation Area lrrigation Nursery lrrigation Tost
Public Water Supply (Limited Use/DOH) Cormmercial/lndusirial Earth-Coupled Geothermal
Public Water Supply (Community or Non-Community/DEP) Golf Course Irrigation HVAC Supply
Class 1 Injection e HVACG Return
Class V Injection: Recharge Commercial/industrial Disposal Aquifer Storags and Recovery Drainage
Remediation: Recovery Air Sparge Other {Describe)
_,_,_,Othel' {Describe}
12.*Drill Method: Auger Cable Tool _ »&Rotary Combination (Two or More Methods) Jetted Sonic
Horlzontal Brilling Hydraulic Point {Direct Push) Other
13.*Measured Siatic Water Lavel . Measured Pumping Water Level ft. After Hours at GPM
14.*Measuring Polnt (Describe) Whichis ft. Above Below Land Surface  *Flowing: Yes No
16.*Casing Materiak: __Black Steel Galvanized “==lPVC Stairless Steel Not Cased Other
16.* Total Well Depf '( 7{ Jit. Cased Depth *Open Hole: Frol L' ’ _y[’ fl. *Screen: From To ft. Slot Size
§7.*Abandonment: Other (Explain)
From ft. To ft. No, of Bags Seal Material (Check One): Neat Cement Bentonite Other,
From ft. To ft. No. of Bags Seal Material (Check One): Neat Cement Bentonite Other,
From ft. To fl. No. of Bags, Seal Material (Check One); MNeat Cement Bentonite Other
From ft. To ft. No,of Bags Seal Materlal (Check One): Neat Cement Bentonite Other
From ft. To ft. No.ofBags Seal Materlal {Check Ons); Neat Cement Benfonite Other.
18.*Surface Casing Diameter and Depth;
Dia in. From_&72 ft. To fl. No.of Bags_{/md-- Seal Materlal (Check One): eat Gement Bentonite____Other
Dia In. Fron &) ft. Tt No. of Bags Seat Material (Check Cne); gat Cement Bentonite Other:
19.*Primary Casing Dlam and Depth;
Dia in. From _ft Tom. No, of Bags@ Seal Material (Check One}; Neat Cement____ Bentonite____ Other
Dia in. From ft. To ft. No.of Bags Seal Material ECheck Dne}: Neat Cement Bentonite____| . Ofther
Dia in. From ft. To ft. No.ofBags___ Seal Material {Check Oney}: Neat Cement Bentonlte____ Other
Dia in. From it. To ft. No.ofBags_____ Seal Material {(Check One): Neat Cement Bentonile Other,
Dia in. From ft. To ft. No.ofBags___  Seal Material {Check One}: Neat Cement Bentonite Other,
20.*Liner Casing Diameter and Depth:
Dia in. From To ft. No. of Bags Seal Material (Check One): Neat Cement Bentonite Other,
Dia in. From ft. To ft. No. of Bags Seal Material (Check One): Neat Cement Bentonite Other,
Bia in. From ft. To fi. No. of Bags Seal Material (Chack One); Neat Cement Bentonite Other
21.*Telescope Casing Diameter and Depth:
Dia in. From ft. To ft. No.ofBags Seal Material (Check One):____ Neat Cement____Bentonite ____Other,
Dia in. From ft. To ft. No. of Bags Seal Material (Check One); Neat Cement___ Bentonite____ Other
Dia in. From ft. Ta ft. No. of Bags Seal Material (Check One}: Neat Cement, Bentonite Other
22, Pump Type (If Known): 23. Chemical Analysis (When Reguired):
Centrifugal Jet Submersible Turbine tron ppm  Sulfate ppm  Chloride ppm
Horsepower Pump Capacity (GPM) :
Pump Bepth ft.  Intake Depth it. Laboratory Test Field Test Kit
24. Water Well Contractor: '
*Contractor Name E-mait Addres
*Contractor's Signature | - k *Drilter's Name (Print or Type)
{1 certify thatthednfarmaiio:T provided in thlsfepor i accurale ahd fne.) N

FORM LEG-R.005.02 (6/10) Rule 40D-3.411 (1) (a), F.AC.




SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT
2379 BROAD STREET, BROOKSVILLE, FL 34604-6899
PHONE: (352) 796-7211 or (800) 423-1476
WWW.SWFWMD.STATE.FL.US

ST. JOHNS RIVER WATER MANAGEMENT DISTRICT
4049 REID STREET, PALATKA, FL 32178-1429
PHONE: (386} 328-4500

WWW.SJRWMD.COM

NORTHWEST FLORIDA WATER MANAGEMENT DISTRICT
1562 WATER MANAGEMENT DR., HAVANA, FL 32333-4712
(U.S. Highway 90, 10 miles west of Tallahassee)

PHONE: {850) 539-5989

WWW.INWFWMD.STATE.FL.US

SOUTH FLORIDA WATER MANAGEMENT DISTRICT
P.O. BOX 24680

3301 GUN CLUB ROAD

WEST PALM BEACH, FL 33416-4680

PHONE:; (561) 686-8800

WWW.SFWMD.GOV

SUWANNEE RIVER WATER NMANAGEMENT DISTRICT
9225 CR 49

LIVE OAK, FL 32060

PHONE: (386) 362-1001 or (800) 226-1066 (Florida only)
WWW.MYSUWANNEERIVER.COM

*DRILL CUTTINGS LOG (Examine cuttings every 20 &. or at formation changes. Note cavities and depth to producmg zone. Grain Size: F=Fine,

M=Medium, and C=Coarsg)

From fi. To;é,c} ﬂ.

From ft. To/

From EEE;_{ 3 fh ft.
From_Aad¢ 3 ft To ft.

From ft. To ft.

From # ft. To it.

From . T it.

From ft. To ft.  Color
From ft. To ft.  Color
From ft. To ft. Color.
From ft. To fi. Color
From ft. To ft.  Color
From ft. To fi.  Color
From ft. To fi.  Color
From ft. To .  Color
From fl. To ff.  Color
From ft. To ft.  Color
From ff. To ft,  Coior
Fram £ To_, B
From f. To_,

From ft. To_:

Frem ft. To ===

Fram ft. To__

Fram ft. To__

From ff. To

From . To_|

Comments: |

Give distances fromall n

F:gure 5. Site layout showing general dimensions of the project area, position of existing wells
i at the site and proposed well OSF-112.

Grain Size (F, M, C}) g’
Graln Size (F, M, C)_#ZF___

Grain Size (F, M, C})
Grain Size (F, M, C)
Grain Size (F, M, C)

Grain Size (F, M, C) Material S
Grain Size (F, M, C) . Material
Grain Size {F, M, C) Material
Grain Size {F, M, C} Material
Grain Size (F, M, C) Material
Grain Size (F, M, C) Material
GrainSize (FM, G Materlal
Grain Size (F, M, C) Material
Grain Size (F, M, C) Material
Grain Size (F, M, C) Material
Grain Size (F, M, C) Material
Graln Size (F, M, C) Material
Grain Size (F, M, C} Material

f‘fqm Snze (F M C) Matarial

LakL Tohopekaliga

thin 500 ft. of well.

FORM LEG-R.0D05.02 (6/10}

Rule 40D-3.411 (1) (a), F.A.C.




Dot 30207 11 3ea No. 1453

STATEOF FLORIDA PERMITAPPLICATION TO CONSTRLULT,

REPAIR, MODIFY, OR ABANDON AWELL Pemil N,
B Souhiwas! PLEASE FiLL OUT ALL ARPLICABLE FIELDS Fiofida Untqus 10
Norfhwesl {'Denotes Required Fields Where Applizafle) IPannk Stpuianona Requkud (906 Attsched)
Bt ohns Biver Tiin aates s rancnctar i responstble foy comple g
EXSouth Flacda th!rform und furwerding 54 pR ppBoation b the 82524 Qued flo.________ Dedneallin Ne, e
EASuwannes Rlver apAraanies el goted sutharlty whboe wppira b,
- GUPAUR Application Nb,

DEP. e
oRApeTagated Authorlly (H Appticable) O - AAVETRISLITE FOR MFICALLIL ORLY

AT d6 Al a0 I-X

2

) g BE] Teisghione Humber ;
ee A3y

Lal Block ihit
checkIrsz-s24 DIves Clwo

e - C a_
YSeclonor Lapd Grant  *Tewnship  “Range Counly Subdwlr.!un
»Sefone Sallsman ™ 430" snasatry Meposdahssdallingom
"Waler Well Contractor *Licensz Numbar T cph e E ma'ifwd
6. 28O Sk ?&cxap\ Ng_‘
Clly S!am ZIP

“Witar Well Coniractor's Adloés
7. *Typo ofWark:  E Conslawgion ﬂRapah)dymﬁﬁcal‘mn D Avantionmant
8, *Number of Propoeed Wells

*feavenlor Repsir, IaSMaTon, o Abardovman,

14. Eslimatad Screen Inlgtval From, To.

16.Pdmary Guaing Matariel: [ Black Sleet Claakanized 'Bgﬁ E3Stninless Stesl
LEf Not Casedt EX Other,

18, Secondory Gasing:  EdTeloscope Caslng  Dltmer I3 Burtacs Gasing  Ciameter_+ f,

17, Gecondery Casing Materlal:  LlBlack Steel  FlGavantzes  DIPve  E3Stambess Stool Botnes,
18, Melhod of Construstlon, Rapalr, o5 Abandonment.  Blauger  BCable ool Jettad Edprotary £ sonkc

I3 Combination {Fwo or Mofe Mothas) E3Hand Driven (Wall Polnt, Sand Patnl) B3 Hydraulic Polnl (Diracl Push)

23, Dela Ovtalnad From: o3 Map R Survey Catum, NAD 27 NAD 83 W3S 04

fok Gods and hal gxaley ™ fuacwm.m(wlu{nlm clry

9. *Bpecify Inlended Use(s) of Wellisy Bla Bamp
{Jpomestic [Jtandseape irtation [l Agscutturst rigalion [ Ska Investigations
Claetted Water Supply  TJRacrealion Ares inigalion  [ltivestock ‘*}ﬂ%‘:&nltnnng
Deuvlic Watar Supply {Limiled Uss/DOH) LI tiurgery irrigalion E1vant
DOIrubiic Water Supply (Communily or Non-CammunllyDEF) L] Commerciatindusinel 7] Earth-Coupled Geothermat
ElGiass 1 njection Oeor Gose imigation  U1HVAG Supply
CIHVAC Ratsrn
Clags V Injaston: ER&charﬂe B commerclavindustraf tsposal B Aquiter Slterags and Recovery [ Dralnage
Remedistion: [dRecovery TArSparge  [EOher ey Oitclal Uk Oy
Hoter owetea VY
10.7Distancs from Saptic Susten ! £ 260 A, 14, Factity Description 12. Eslimated Start Dals L)
13, Ectimated Well Depl *Eglimated Casing Demn_dkd. Primary Caslng D?amnier__ﬁg_,m Open Hole! From_____, Jo_. . R

H Harlzonlal DAling  EIPluaged by Approved Melhod Llothar pevsiel ..
19, Proposed Grouling intarval for the Primary, Spcorglary, and Ad al Calpy:
. Fronf28 8270 Seal Material plordla cemert  EOlhar )
Fron To | Heal Materlal enionHe nal Camant ﬂomumm
Frarn, o Seal Materiat { ElBantonita  INeat Cement  Edtthar PR
From To Soni Matertat { MDentonite DIMact Coment  [¥0lher )
20, Indicela lelat numbar of exisling weds on sile Ligt number of axtating unused wels on sile
21,5 thie well ur any exlsting we't or waler withdrawal on the awner's conliguous property cowmd under @ Censumptive/Wales Uge Pamnit (CUPAWUR)
or CUPMNLIP Applicabion? Yes Ro ifyes, complele the following: CUPMUPNo. ., . Dkt WeltiDNe,
2. Lalhsde Longllude

Hiopaed ¢l el
F«’mlmmn
Ll X L]
Pesbbtaba, 61
WBTMW Hlcensa No.
Approval Granted By f/ //7“*3 .- “am‘bl tasva Date 1O 4 | 7 Expation Dale Egﬂmkmlampwova\ _
s
FeaRetaived 3__ Z :.,Q.g E ( S ReceiptNo, Gheck Ko,

THIS PERMIT IS NOT VALID UNTA PROPERLY SIGNED BY AH AUTHORIZED OFFICER OR REPRESENTATIVE OF THE WME DR DELEGATED AUTHORITY, THE
PERMIT SHALL BE AVAILABLE AY THE WELL ST DURING ALL CONBTRUGTION, REPAIR, AODIFICATION, OR ABANGONMENT ACTIVIZIES,

P LR PAR et T T neatedde AR EAN AR B AP CHnritun e i3 AR Pooe V 0f2

AN NN, 00




STATE OF FLORIDA WELL COMPLETION REPORT Date Stamp

O Southwest PLEASE, FILL OUT ALL APPLICABLE FIELDS
ONorthwest (*Denotes Required Fields Where Applicable)
st Johns River

[1South Florida

[ Suwannee River

CIDE 3
; elegated Authority (If Applicable)

QOfficial Use Only

1.7 Pemit NumberS{ T LA I YFEUPIWUP Number, *DID Number 62524 Delneation No.
2,*Number of permifted wells constructed, repaired, or abandoned i *Number of permitied wells ngt constructed, repaired, or abandoned §§§
“Owners Namecg { Mj W\Q 4,*Completion Date“"g g 5. Florida Unigue ID
e £ Soolioct Pd. Kissa onmee | PA. U769
*Weil Lotation - Address oad ame or Number, City, ZIP~ i !
7. *County Kk 44 f @ / 6{_ *Section__ ¢ L y tand Grant, *Township *Range
8. Latitude Longitude
9. Data Obtained From; GPS Map Survey Datum: NAD 27 NAD 83 WGES 84
10.*Type of Work: Construction Repair %od[ﬂcaﬁor _;____'Fbandonment
11.*Specify Intended Use{s) of Weli(s): i Aari - . _—
h ot gricultural lrrigation Site Investigation
Domesfic Landsca'pe Irrlgaho‘n . " Livestack Monitoring
Bottled Water Supply Recreation Area lrrigation - Nursery Irrigation Test
Public Water Supply (Limited Uss/DOH) Commercial/ind ustrial Earth-Coupled Geothermal
Public Water Supply (Community or Non-Community/DEP) Golf Course Irrigafion HVAC Supply
... Class | Injection o HVAC Return
Class V Injection: Recharge Commercialfindustrial Disposal Aquifer Storage and Recovery Drainage
Remediation: Recovery Air Sparge Other (Describe)
Other (pesaribe)
12.*Drill Method: Auger Cable Tool Rotary Combination (Twa.er Mor ﬂn*hnﬂc\ Jetted | Sonic
Horizontal Drilling Hydraulic Point (Direct Push} Othez"““ g%_ Q 1 {\LQ
13.*Measured Static Water Level ft. Measured PumpingWaterlevel_ . After * Hoursaf - | ‘ L hPM
14.*Measuring Point{Dascribe) hichis f___ Above Below Land Surface *Flowing: Yes No
15.*Casing Material: » lack Stesl Galvanized PVC Siainiess Steel Not Cased Other
16.*Total Well Depth Cased Depth . *Open Hole: From____ _ ‘ *Screen: Foo Slot
17,*Abandonment: Other (Explain) To/d PloC o e L1 |
Frome ft. To _m&. No, of Bags Seal Materlal (Check One):_S= Neat Cement Bentonite Olher,
Fromd# To, . No. of Bags, Seal Material {Check One): Neat Cement, Bentonite Mher C{‘m VQ [
Fron /4 ft. T ft. No.of Bags Seal Material {Check Ong): eat Cement Bentonite Other_&2)
Frol ft. Toe?£™H. Mo. of Bags Seal Materiat (Check One}; Neat Cement Bentonite ther
From ft. To fi. No.ofBags Seal Material (Check One}: Neat Cement Bentonite Other
18.“Surface Casing Diameter and Depth:
Dia in. From ft. To fl.  No. of Bags Seal Matetial (Check One}: Neat Cement Bentonite Other
Dia in. From ft. To fi. No. of Bags Seal Material (Check One): Neat Cement Bentonite Other,
18.*Piimary Casing Dlameter and Depth:
Dia In, From . To ft.  No. of Bags Seal Material (Check One): Neat Cement Bentonite Other,
Dia in. From fi. To ft.  No. of Bags Seal Material %Check One}: Neat Gement Bentonite Other
Dia in. From ft. To ft. No.of Bags Seal Material {Check One Neat Cement____Bentonite Other,
Dia in. From ft. To ft. No. of Bags Seal Material (Check One): Neat Cement_____Bentonite Other.
Dia in. From ft. To ft. No, of Bags Seal Material (Check One)___ Neat Cement____Benfonite Other,
20.*Liner Casing Diameter and Depth:
Dia in. From ft, ft. No, of Bags Seal Material (Check One): MNeat Cement; Bentonite Other.
Dla in. From ft. To ft. No. of Bags Seat Material (Check One): Neat Cement Bentonite Other
Dia in. From ft. To ft. No, of Bags Seal Material (Check One). Neat Coment Bentonite Other
21."Telescope Casing Dlameter and Depth:
Dia in. From ft. To ft. No.of Bags Sea| Material (Check Ona); Neat Cement Bentonite Other,
Dia in. From ft. To fi.  No. of Bags Seal Material (Check One);____MNeat Cemeni____Bentonita Other.
Dia in. From ff. To ft. No. of Bags Seal Material (Check One) Neat Gement__ Bentonite Other
22, Pump Type (If Known); 23. Chemical Analysis (When Required):
Centrifugal Jet Submersible Turblne Iron ppm  Sulfate ppm  Chloride ppm
Horsepower Pump Capacity (GPM) ’
Pump Depth ft.  Intake Depth ) Laboratory Tast Field Test Kit
24. Water Well Confractor: -
*Contractor Name } Off 5‘_—;\ a E-mail Addres ) \;@%&Xﬂ
*Contractor's Signature " / | Lo w, *Driller's Name (Print or Type) ,: i "U\W
(I Wim@g‘i in hi§ report is apbglrate and fne.) T

FORM LEG-R.005.02 (6/10) 4 Rule 400-3.411 {1) (a), F.A.C.



SOUTHWEST FLORIDA WATER MANAGEMENT DISTRICT
2379 BROAD STREET, BROOKSVILLE, FL 34604-6839
PHONE: (352) 796-7211 or (800) 423-1476
WWW.SWFWMD.STATE.FL.US

ST. JOHNS RIVER WATER MANAGEMENT DISTRICT
4049 REID STREET, PALATKA, FL 32178-1429
PHONE: (386) 329-4500

WWW.SJIRWMD.COM

NORTHWEST FLORIDA WATER MANAGEMENT DISTRICT
152 WATER MANAGEMENT DR., HAVANA, FL 32333-4712
(U.8. Highway 90, 10 miles west of Tallahassee)

PHONE: (850) 539-5299

WWW.INWFWMD.STATE.FL.US

SOUTH FLORIDA WATER MANAGEMENT DISTRICT
P.0. BOX 24680

3301 GUN CLUB ROAD

WEST PALM BEACH, FL 33416-4680

PHONE: (561) 686-8800

WWW.SFWMD.GOV

SUWANNEE RIVER WATER MANAGEMENT DISTRICT
9225 CR 48

LIVE OAK, FL 32060

PHONE: (386) 362-1001 or (800) 226-1066 (Florida only)
WWW.MYSUWANNEERIVER.COM

M=Medium, and C=Coarse)

*DRILL CUTTINGS LOG (Examine cuttings every 20 ft. or at formation changes. Note cavities and depth to producing zone. Grain Size: F=Fine,

Graln Size (F, M, C) Material
Grain Size {F, M, G} Materlal
Grain Size {F, M, C}) Material
Grain Size {F, M, C) Material
Graln Size (F, M, C) Material
Grain Size (F, M, C) Material
Grain Size (KM, C)_____ Malterlal

Frora ft. To ft.  Color
From #f. To ftt  Color
From ft. To ft.  Color
From ft. To ft.  Color
From ff. To ft. Color
From f. To ft.  Color
From ff. To___ ft.  Color
From ff. To_
From ft. To_
From fl. To__
From f. To :
From f. To__
From fl. To_
From ft. To___;
From ft. To_
From ft. To_ |
From ft. 'E'o:
From ft. To__
From . To__
From ft. To__
From ftt. To_
From ft. To__|
From ft. To__
From ft. Tom___'_,i
From ft. To __M
From ft. To__|
Comments: :

Give distances from a
FORM LEG-R,005.02 {(6/10)

Figure 5. Site layout showing peneral dimensions of the project area, position of existing e]ls
at the site and proposed well OSF-112.

Page 10 of 12, Exhibit A to Agreement No. 4600003686

Lake Tohepekaliga

10 . of well.
80-3.411 (1) (a), F.A.C.




APPENDIX C:
LITHOLOGIC DESCRIPTION
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From Depth| To Depth . L
(ft bls) (ft bls) Material Description
0.0 2.0 Fine to very fine quartz sand, pinkish gray(5yr8/1); sub-anglar, non-cohesive, dry
20 8.0 Fine to very fine quartz sand, pale brown(5yr5/2); 10 percent clay; 5 percent dark minerals;
' ' sub-anglar; non-cohesive; damp
8.0 10.0 Fine to very fine quartz sand, grayish orange (10yr7/4); 10 percent clay; 5 percent dark
' ' minerals, sub-anglar, non-cohesive
10.0 120 Fine to very fine quartz sand, pale brown(5yr5/2); 5 percent clay; 5 percent dark minerals;
' ' sub-anglar; non-cohesive
120 140 Fine to very fine quartz sand, dark yellow brown(5yr4/2); 20 percent clay; 5 percent dark
' ' minerals; sub-anglar; non-cohesive
14.0 16.0 Fine to very fine quartz sand, pale yellow brown(5yr6/2); 20 percent clay; 5 percent dark
' ' minerals; sub-anglar; non-cohesive
Clayey sand; pale yellow brown(5yr6/2); fine to very fine quartz sand, 30 percent clay; 5
16.0 20.0 : ) . e
percent dark minerals; sub-anglar; non-cohesive;
200 240 Fine to very fine quartz sand, pale yellow brown(5yr6/2); 20 percent clay; 5 percent dark
' ' minerals; sub-anglar; non-cohesive
Clayey sand; dark yellow brown (5yr4/2); fine to very fine quartz sand, 30 percent clay; 5
24.0 26.0 - . \ .
percent dark minerals; sub-anglar; non-cohesive
26.0 300 Fine to very fine quartz sand, dark yellow brown(5yr4/2); 20 percent silt; sub-anglar; non-
' ' cohesive
300 340 Silty sand; dark yellow brown (5yr4/2): very fine quartz sand, 30 percent silt; subangular;
' ' non-cohesive
340 38.0 Fine to very fine quartz sand, pale brown (5yr5/2); 5 percent dark minerals; sub-anglar;
' ' non-cohesive
38.0 400 Silty sand; dark yellow brown (5yr4/2): very fine quartz sand, 20 percent silt; subangular;
' ' non-cohesive
Clayey sand; dark yellow brown (5yr4/2); fine to very fine quartz sand, 20 percent clay; 5
40.0 42.0 - . \ .
percent dark minerals; sub-anglar; non-cohesive
420 590 Silty sand; dark yellow brown (5yr4/2): very fine quartz sand, 30 percent silt; subangular;
' ' non-cohesive
Clayey sand; dark yellow brown (5yr4/2); fine to very fine quartz sand, 20 percent clay; 5
52.0 54.0 - . \ .
percent dark minerals; sub-anglar; non-cohesive
540 56.0 Silty sand; dark yellow brown (5yr4/2): very fine quartz sand, 30 percent silt; subangular;
' ' non-cohesive
Clayey sand; dark yellow brown (5yr4/2); fine to very fine quartz sand, 20 percent clay; 5
56.0 58.0 - . \ .
percent dark minerals; sub-anglar; non-cohesive
Clayey sand; olive gray (5y 4/1); fine grained quartz sand, calcareous, 30 percent clay, 10
58.0 60.0 i ; -
percent phosphate; sub-anglar; non-cohesive
Clayey sand; olive gray (5y 4/1); fine grained quartz sand, 20 precent light gray phosphatic
60.0 70.0 ) i .
wackestone, 20 percent clay, 10 percent phosphate; sub-anglar; non-cohesive
Shelly, sandy clay; olive gray (5y 4/1); 30 percent shell fragments, 20 percent fine grained
70.0 75.0 |quartz sand,10 precent light gray phosphatic wackestone, 10 percent phosphate; sub-
anglar; non-cohesive
Shelly, sandy clay; olive gray (5y 4/1); 30 percent shell fragments, 20 percent fine grained
75.0 100.0 . ) h
guartz sand, 10 percent phosphate; sub-anglar; non-cohesive
Fine quartz sand and limestone; olive gray (5y 4/1); fine grained quartz sand, 30 percent
100.0 120.0 |[sandy, phosphatic wackestone, 20 percent shell fragments, 10 phosphate sand; non-
cohesive
120.0 130.0 Fine quartz sand; olive gray (5y 4/1); fine grained quartz sand, 20 percent shell fragments,
' ' 10 phosphate sand, 10 percent phosphatic wackestone; non-cohesive
130.0 140.0 Shell (5y 4/1); 20 percent fine to coarse grained quartz sand, 20 percent clay, 10 percent

phosphatic wackestone, 10 phosphate sand; non-cohesive
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From Depth| To Depth . .

(ft bls) (ft bls) Material Description

Clayey sand; olive gray (5y 4/1); fine to coarse grained quartz sand, 30 percent clay; 20
140.0 155.0 ) . . ;

percent shell fragments; 20 percent phosphate; sub-anglar; non-cohesive

Limestone (wackestone); very pale orange(10yr 8/2); 30 intergranular porosity; mod
155.0 170.0 |. S e L Soh

induration; highly fossiliferous, foraminifera, lepicyclina

Limestone (grainstone); very pale orange(10yr 8/2); 30 percent intergranular porosity; mod
170.0 176.5 |. SN . 2 A -~ .

induration; highly fossiliferous, foraminifera, lepicyclina, miliolids, bivalves.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
176.5 180.0 |. S . = - o .

induration; highly fossiliferous, foraminifer, lepicyclina, miliolids, bivalves.

Limestone (packstone); very pale orange(10yr 8/2); 30 percent interparticle porosity; mod
180.0 198.0 |induration; highly fossiliferous, foraminifera, lepicyclina, miliolids, bivalves, numulites,

pellets.
198.0 200.0 |No sample

Limestone (grainstone); very pale orange(10yr 8/2); 30 percent interparticle porosity; mod
200.0 222.5 |to poor induration; highly fossiliferous, foraminifera, pellets, miliolids, bivalves, shell

fragments.

Limestone (wackestone); greyish orange(10yr 7/4); 20 percent interparticle porosity; poor
222.5 2245 | - ) ;

induration to unconsolidated; pellets, shell fragments.
224.5 235.0 |No sample

Limestone (grainstone); greyish orange(10yr 7/4); 30 percent interparticle porosity; poor
235.0 240.0 |induration to unconsolidated; highly fossiliferous, foraminifera, pellets, miliolids, algae,

numulites, shell fragments.

Limestone (packstone); greyish orange(10yr 7/4); 20 percent interparticle porosity; poor
240.0 2415 | s S

induration; pellets, miliolids, algae, shell fragments.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; poor
241.5 258.0 |induration; highly fossiliferous, pellets, lepidocyclina, miliolids, numulites, shell

fragments.
258.0 260.0 |No sample

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; poor
260.0 270.3 |induration; highly fossiliferous, foraminifera, pellets, miliolids, neolagnum molds,

numulites, shell fragments.

Limestone (packstone) grading to (wackestone); very pale orange(10yr 8/2); 20 percent
270.3 2779 | - o . o

interparticle porosity; poor induration; pellets, algea, shell fragments.

Limestone (mudstone); very pale orange (10yr 7/2); poorly indurated; no observable
277.9 278.8 porosity

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; poor
278.8 2858 |. s

induration; pellets.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent interparticle porosity;
285.8 286.8 : .

poor induration; pellets.
286.8 288.0 |Limestone (mudstone); very pale orange (10yr 7/2); mod indurated; no observable porosity

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
288.0 288.3 |. s

induration; pellets.
288.3 290.0 Ir;él::)essi:;ne (mudstone); very pale orange (10yr 7/2); poorly indurated; no observable

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent interparticle porosity;
290.0 290.4 : .

mod induration; pellets.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
290.4 2920 |. s

induration; pellets, gastropods.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent interparticle porosity;
292.0 294.0 ; . i :

mod induration; pellets; trace organics.
294.0 295 6 Limestone (mudstone); very pale orange (10yr 7/2); poorly indurated; no observable

porosity
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From Depth| To Depth . .

(ft bls) (ft bls) Material Description

Limestone (wackestone); very pale orange(10yr 8/2); no visible porosity; mod induration;
295.6 301.0 T

pellets; bivalves, gastropods.

Limestone (packstone); very pale orange(10yr 8/2); 10 percent interparticle porosity; mod
301.0 3048 |. s

induration; pellets, foram. Fragments
304.8 305.4 Iaérrr(ljzsi':;)/ne (mudstone); very pale orange (10yr 7/2); poorly indurated; no observable

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
305.4 306.9 | s

induration; pellets.
306.9 308.2 Ip;él::)essigne (mudstone); very pale orange (10yr 7/2); poorly indurated; no observable

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity; no
308.2 309.4 |~ . e . > M ; o)

visible porosity; mod induration; pellets; sm lamination.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
309.4 313.0 |. S i J

induration; pellets; sm lamination.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity; no
313.0 3142 |~ . . . J M

visible porosity; mod induration; pellets.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
314.2 3146 | s

induration; pellets.
314.6 315.0 |Limestone (mudstone); very pale orange (10yr 7/2); mod indurated; no observable porosity

Limestone (packstone grading to wackestone); very pale orange(10yr 8/2); 10 percent
315.0 3208 |. - o - .

interparticle porosity; mod induration; pellets.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity; no
320.8 3225 |~ . o . 7 .

visible porosity; mod induration; many gastropods, neolagnum, bivalves, pellets.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
3225 3233 | .

induration; pellets.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity; no
323.3 3285 | .. i . > M A

visible porosity; mod induration; pellets; laminated.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
328.5 3293 | .

induration; pellets.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity; no
329.3 3300 | ... . . J M

visible porosity; mod induration; pellets.

Limestone (grainstone); very pale orange(10yr 8/2); 30 percent interparticle porosity; mod
330.0 331.8 |to poor induration; highly fossiliferous, foraminifera, pellets, fallotella, algal, shell

fragments.

Limestone (wackestone); very pale orange(10yr 8/2); 20 to 10 percent intergranular
331.8 338.0 " . oo . S .

porosity; no visible porosity; mod induration; pellets, bivalve.
338.0 338.5 |Limestone (mudstone); very pale orange (10yr 7/2); mod indurated; no observable porosity

Limestone (wackestone); very pale orange(10yr 8/2); 20 to 10 percent intergranular
3385 344.0 " . o . A

porosity; no visible porosity; mod induration; pellets, neolagnum.

Limestone (packstone grading to wackestone); very pale orange(10yr 8/2); 20 percent
344.0 3540 | . . - .

interparticle porosity; mod induration; pellets.

Limestone (wackestone); greyish orange(10yr 7/4); 20 to 10 percent intergranular porosity;
354.0 355.0 . L . .

no visible porosity; mod induration; pellets.
355.0 359.5 |Dolomitic limestone; moderate yellow brown (10yr5/4); 30 to 40 percent vuggy porosity

Limestone (packstone); very pale orange(10yr 8/2); 10 percent interparticle porosity; mod
359.5 3716 | - . . i - ) b

induration to unconsolidated; pellets, foraminifera,algae, bivalve; sm lamination.

Limestone (grainstone); very pale orange(10yr 8/2); 30 percent interparticle porosity; mod
371.6 373.0 | s o -

induration; peletal, foraminifera, bivalves.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity; no
373.0 3750 | .. L . 7 ; o)

visible porosity; mod induration; pellets; sm lamination.
3750 3777 Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod

induration; pellets, foraminifera,algae, bivalve; sm lamination.
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From Depth| To Depth . .

(ft bls) (ft bls) Material Description

Limestone (rudstone); very pale orange(10yr 8/2); 30 percent interparticle porosity; mod
377.7 3780 |. S 9

induration; intraclasts, pelets, foraminifera, neolagnum, shell fragments.

Limestone (wackestone); very pale orange(10yr 8/2); 20 percent interparticle porosity;
378.0 383.9 ; . >

mod induration; pellets, foraminifera, neolagnum.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
383.9 3925 | S T

induration; pellets, foraminifera, neolagnum.

Limestone (floatstone); very pale orange(10yr 8/2); 30 percent interparticle porosity; mod
3925 3935 - s D

to poor induration; pelets, foraminifera, neolagnum, fallotella, shell fragments.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
3935 394.0 - i e

to poor induration; pellets, foraminifera, fallotella, neolagnum, shell fragments.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity; no
394.0 3993 |~ . . . .

visible porosity; mod to poor induration; pellets.

Limestone (floatstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
399.3 400.0 - s D

to poor induration; pelets, foraminifera, fallotella, shell fragments.

Limestone (packstone grading to grainstone); very pale orange(10yr 8/2); 20 percent
400.0 402.2 | - o . o N

interparticle porosity; mod induration; pellets, foraminifera, shell fragments.

Limestone (packstone grading to grainstone); very pale orange(10yr 8/2); 30 percent
402.2 402.8 |interparticle and vuggy porosity; mod induration; pellets, foraminifera, fallotella,

gasrtropods, shell fragments.

Limestone (packstone grading to grainstone); very pale orange(10yr 8/2); 20 percent
402.8 4045 |. - o - e i

interparticle porosity; mod induration; pellets, foraminifera, shell fragments.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity; no
404.5 406.3 | . . L f . A

visible porosity; mod to poor induration; pellets, cushmania, fallotella.

Limestone (packstone grading to grainstone); very pale orange(10yr 8/2); 20 percent
406.3 408.0 |interparticle porosity; mod induration; pellets, foraminifera, fallotella, neolagnum,

fabularia, shell fragments.

Limestone (wackestone); very pale orange(10yr 8/2); no visible intergranular porosity;
408.0 410.0 | L - S

intergranular porosity; poor induration; pellets.

Limestone (wackestone); very pale orange(10yr 8/2); 10 to 20 percent intergranular
410.0 412.6 o JF . 2

porosity; intergranular porosity; good induration; pellets.

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
412.0 4126 | s

induration; pellets.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity;
412.6 427.0 . g

good induration; pellets.

Calcareous dolostone; dark yellow brown (10yr4/2); microcrystalline; 20 percent pin-point
427.0 430.8 - .

and vugular porosity; well indurated

Limestone (mudstone); very pale orange (10yr 7/2); cryptpcrystalline; mod indurated; no
430.8 436.0 .

observable porosity
436.0 440.0 |No sample

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
440.0 4423 | .

induration; pellets.

Limestone (floatstone); very pale orange(10yr 8/2); 30 percent interparticle porosity; mod
442.3 446.1 |. o L

induration; pelets, foraminifera, shell fragments, algae.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intercrystalline porosity;
446.1 447.8 - L : L

microcrystalline; moderate induration; pellets.

Limestone (wackestone); dark yellow orange(10yr 6/6); 10 percent intercrystalline
447.8 449.7 SN I - N

porosity; microcrystalline; good induration; pellets.

Limestone (mudstone); very pale orange (10yr 7/2); cryptpcrystalline; mod indurated; no
449.7 450.2 .

observable porosity

Limestone (packstone); very pale orange(10yr 8/2); 20 percent interparticle porosity; mod
450.2 451.0 | o

induration; pellets.
451.0 453.0 |Limestone (mudstone); very pale orange (10yr 7/2); mod indurated; no observable porosity
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From Depth| To Depth . .

(ft bls) (ft bls) Material Description

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity;
453.0 454.3 : .

poor induration; pellets.

Limestone (packstone grading to grainstone); very pale orange(10yr 8/2); 20 percent
454.3 4575 | - o - L o

interparticle porosity; poor induration; pellets, foraminifera, shell fragments.
457.5 457.7 |Limestone (mudstone); very pale orange (10yr 7/2); poor indurated; no observable porosity

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity;
457.7 459.0 : -

poor induration; pellets.
459.0 460.0 |No sample

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity;
460.0 466.4 : L

poor induration; pellets, shell fragments.

Calcareous dolostone; dark yellow brown (10yr4/2); 10 percent pin-point porosity; well
466.4 469.5 |

indurated
469.5 470.0 |No sample

Calcareous dolostone; pale yellow brown (5yr6/2); 20 percent pin-point porosity; well
470.0 4712 |, )

indurated; moderately fractured

Calcareous dolostone; pale yellow brown (5yr6/2); 20 percent pin-point and moldic
471.2 475.2 e . )

porosity; well indurated; moderately fractured

Calcareous dolostone; moderate yellow brown (10yr5/4); 10 percent pin-point porosity;
475.2 476.0 .

well indurated
476.0 480.0 |No sample

Calcareous dolostone; moderate yellow brown (10yr5/4); 10 to 20 percent pin-point and
480.0 482.3 - R i . o !

moldic porosity; bivalves; well indurated; microcrystalline

Limestone (packstone); mod yellow brown (10yr5/4); 20 percent intergranular porosity;
482.3 485.3 - e . .

poor induration; pellets; some laminated.
485.3 490.0 |No sample

Limestone (wackestone); very light gray(n8); 20 percent intergranular porosity; good
490.0 490.8 |. s ’

induration; pellets; fractured.

Limestone (packstone); very pale orange(10yr8/2); 20 percent intergranular porosity; poor
490.8 491.9 induration

Limestone (wackestone); very pale orange(10yr8/2); 10 percent intergranular porosity;
491.9 492.8 . .

moderate induration.

Limestone (wackestone); very pale orange(10yr8/2); 30 percent fracture and intergranular
492.8 493.5 " . .

porosity; poor induration.

Limestone (packstone grading to grainstone); very pale orange(10yr8/2); 30 percent
493.5 496.0 |. L . S : .

intergranular porosity; poor induration; pellets, bivlalves, echnoids.

Limestone (wackestone); very pale orange(10yr8/2); 20 percent intergranular porosity;
496.0 497.6 : . s T

poor induration; pellets; laminated.

Limestone (grainstone); very pale orange(10yr8/2); 30 percent intergranular porosity; poor
497.6 499.0 |. s .

induration; pellets, echnoids.
499.0 500.0 |No sample

Limestone (mudstone); very pale orange(10yr8/2); 10 percent pin point porosity; good
500.0 505.0 induration

Limestone (packstone); very pale orange(10yr8/2); 20 percent intergranular porosity; poor
500.5 504.8 |. S . 7

induration; pellets, intraclasts, algae, foraminifera.

Limestone (packstone); grayish orange(10yr7/4); 20 percent intergranular porosity; mod
504.8 506.0 |. S . -

induration; pellets, intraclasts, algae, foraminifera.

Limestone (grainstone); grayish orange(10yr7/4); 30 percent intergranular porosity; mod
506.0 506.4 |. S . -

induration; pellets, intraclasts, algae, foraminifera.
506.4 510.0 |No sample
510.0 5108 Limestone (grainstone); very pale orange(10yr8/2); 30 percent intergranular porosity; poor

induration; pellets, intraclasts, algae, foraminifera, fallotella.
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From Depth| To Depth . .

(ft bls) (ft bls) Material Description

Limestone (mudstone); very pale orange(10yr8/2); no observable porosity; poor
510.8 511.8 |. :

induration.

Limestone (wackestone); very pale orange(10yr8/2); 10 percent intergranular porosity;
511.8 518.4 : . )

poor induration; some lamination.
518.4 520.0 |No sample
520.0 5205 !_imest(_)ne (mudstone); very pale orange(10yr8/2); no observable porosity; poor

induration.

Limestone (wackestone); very pale orange(10yr8/2); 10 percent intergranular porosity;
520.5 522.0 : .

poor induration.

Limestone (mudstone); very pale orange(10yr8/2); no observable porosity; poor
522.0 5246 |. S L

induration; some lamination.

Dolomitic limestone; dark yellow brown (10yr4/2); 30 percent fracture porosity;
524.6 526.0 - L .

microcrystalline; well indurated.

Dolostone; dark yellow brown (10yr4/2); microcrystalline; 10 percent intercrystalline
526.0 528.7 e .

porosity; well indurated.

Dolostone; pale yellow brown (10yr6/2); microcrystalline; 30 percent fracture porosity;
528.7 530.0 :

well indurated.

Dolostone; mod yellow brown (10yr5/4); microcrystalline; 20 percent fracture, vuggy and
530.0 534.6 - o .

moldic porosity; well indurated.

Dolostone; dark yellow brown (10yr4/2); microcrystalline; 10 percent intercrystalline and
534.6 535.4 - o .

moldic porosity; well indurated.

Dolostone; dark yellow brown (10yr4/2); microcrystalline; 30 percent intercrystalline and
535.4 537.0 - o .

moldic porosity; well indurated.

Dolostone; dark yellow brown (10yr4/2); microcrystalline; 20 percent intercrystalline and
537.0 540.0 - o .

moldic porosity; well indurated.

Dolostone; very pale orange (10yr8/2); microcrystalline; 10 percent intercrystalline
540.0 540.4 L ;

porosity; well indurated.

Dolostone; mod dark gray (n4); microcrystalline; 20 percent vuggy and pin point porosity;
540.2 540.8 ;

well indurated.
540.8 541.7 |Dolostone; mod dark gray (n4); microcrystalline; no observable porosity; well indurated.

Dolostone; mod dark gray (n4); microcrystalline; 30 percent fracture and vuggy porosity;
541.7 546.1 ;

well indurated.

Dolostone; mod dark gray (n4); microcrystalline; 10 percent intercrystalline porosity; well
546.1 5485 |.

indurated.
548.5 550.0 |No sample

Dolomitic limestone; very pale Orange (10yr 8/2); microcrystalline; 10 percent
550.0 550.6 |. . o -

intercrystalline porosity; mod indurated.

Limestone (packstone); very pale Orange (10yr 8/2); 20 percent intergranular porosity;
550.6 551.6 :

poorly indurated.

Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity;
551.6 556.3 : .

poor induration

Limestone (mudstone); very pale orange(10yr8/2); no observable porosity; laminated; poor
556.3 556.5 |. -

induration.
556.5 560.0 |No sample

Limestone (packstone); very pale Orange (10yr 8/2); 20 percent intergranular porosity;
560.0 561.0 ) -

pellets, algae; poorly indurated.

Calcareous dolostone; dark yellow brown (10yr 4/2); 20 percent pin-point porosity;
561.0 566.7 - S .

microcrystalline; well indurated

Calcareous dolostone; dusky yellow brown (10yr 2/2); 20 percent pin-point porosity;
566.7 567.0 . A . .

carbonatious lamination; mod induration
567.0 568.0 Calcareous dolostone; dark yellow brown (10yr 4/2); 20 percent pin-point porosity;

microcrystalline; good induration
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From Depth| To Depth . .
(ft bls) (ft bls) Material Description
568.0 570.0 |No sample
Limestone (wackestone); very pale orange(10yr 8/2); 10 percent intergranular porosity;
570.0 570.5 ; .
mod induration
570.5 574.6  |Dolostone; dark yellow brown (10yr 4/2); 20 percent pin-point porosity; good induration
574.6 578.4 |Dolostone; dark yellow brown (10yr 4/2); 10 percent pin-point porosity; good induration
Dolostone; dark yellow brown (10yr 4/2); 20 percent pin-point porosity; organic vug
578.4 579.6 |5 . - .
filling; good induration
579.6 580.0 |Dolostone; very pale orange (10yr 8/2); 20 percent pin-point porosity; good induration
580.0 588.0 |Dolostone; grayish orange (10yr 7/4); 10 percent pin-point porosity; good induration
588.0 589.4 |Dolostone; dusky yellow brown (10yr 2/2); 10 percent pin-point porosity; good induration
Dolostone; dusky yellow brown (10yr 2/2); 20 percent fractured, pin-point and moldic
589.4 590.0 " - -
porosity; good induration
Dolostone; dark yellow brown (10yr 4/2); 30 percent fractured, pin-point and moldic
590.0 594.8 L L - -
porosity; microcrystalline; good induration
594 8 596.4 !Dolost(_)ne; dark yellow brown (10yr 4/2); 10 percent intergranular porosity; good
induration
596.4 600.0 |Dolostone; very pale orange (10yr 8/2); 10 percent intergranular porosity; good induration
Dolostone; dark yellow brown (10yr 4/2); 30 percent fractured and pin-point porosity;
600.0 600.6 . :
good induration
Dolostone; mod yellow brown (10yr5/4); 10 pinpoint porosity; mod indurated; organic
600.6 603.6 o
lamination
Dolostone; mod yellow brown (10yr5/4); 20 percent vuggy and pinpoint porosity; mod
603.6 607.8 |. i . A
indurated; some organic lamination
607.8 610.0 |Dolostone; grayish orange (10yr 7/4); 10 percent pin-point porosity; mod induration
610.0 602.2  |Dolostone; very pale orange (10yr 8/2); 20 percent intergranular porosity; mod induration
602.2 619.1 |Dolostone; very pale orange (10yr 8/2); 10 percent intergranular porosity; mod induration
Dolostone; very pale orange (10yr 8/2); 20 percent vuggy and pinpoint porosity; mod
619.1 620.0 |. L A T
induration; some organic lamination
Dolostone; very pale orange (10yr 8/2); 20 percent vuggy and pinpoint porosity; poor
620.0 6240 | L o
induration; some lamination
Dolostone; very pale orange (10yr 8/2); 20 percent vuggy and pinpoint porosity; poor
624.0 630.0 |. L o
induration; some lamination
Dolostone; grayish orange (10yr 7/4); 20 percent pinpoint porosity; some organic material,
630.0 630.4 . .
fallotella, poor induration
630.4 632.3 |Dolostone; grayish orange (10yr 7/4); 20 percent pinpoint porosity; poor induration
632.3 634.1 |Dolostone; grayish orange (10yr 7/4); 10 percent intergranular porosity; mod induration
634.1 640.0 |Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; moderate induration
Dolostone (packstone); dark yellow brown (10yr 4/2); 20 percent intergranular and pin-
640.0 640.7 . - . e r . ;
point porosity; pellets and intraclasts; high organics; very poor induration
640.7 646.4 Dolostone; very pale orange (10yr 8/2); no observable pinpoint porosity; mod induration;
' "" |some organic lamination
646.4 650.0 Dolpsto_ne; very pale orange (10yr 8/2); 10 percent pinpoint porosity; poor induration;
lamination
650.0 6508 !Dolost(_)ne; grayish orange (10yr 7/4); 30 percent fracture and pinpoint porosity; mod
induration
650.8 6515 !Dolost(_)ne; grayish orange (10yr 7/4); 10 pinpoint porosity; organic vug filling; mod
induration
651.5 652.2 |Dolostone; grayish orange (10yr 7/4); 30 pinpoint and vuggy porosity; poor induration
652.2 657.2 |Dolostone; grayish orange (10yr 7/4); 10 pinpoint porosity; poor induration
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From Depth| To Depth . .

(ft bls) (ft bls) Material Description

Dolostone; grayish orange (10yr 7/4); 20 percent pinpoint and vuggy porosity; poor
657.2 658.1 |. -

induration
658.1 660.0 |No sample
660.0 660.7 _Calcare_ous dolostone; grayish orange (10yr 7/4); 10 intergranular; some lamination; poor

induration

Calcareous dolostone; grayish orange (10yr 7/4); no visible porosity; some lamination;
660.7 662.4 - .

poor induration
662.4 670.0 |Calcareous dolostone; grayish orange (10yr 7/4); 10 intergranular; poor induration

Calcareous dolostone; pale yellow brown (5yr 6/2); 20 percent vuggy and pin-point
670.0 677.0 o .

porosity; mod indurated

Calcareous dolostone; pale yellow brown (5yr 6/2); 30 percent fracture, vuggy and pin-
677.0 678.0 . o :

point porosity; mod indurated

Calcareous dolostone; pale yellow brown (5yr 6/2); 30 percent vuggy and moldic porosity;
678.0 680.0 | . ) -

bivalve and gastropod molds; mod indurated
680.0 681.4 |Dolostone; pale yellow brown (5yr 6/2); 20 percent intergranular porosity; mod indurated

Dolostone; pale yellow brown (5yr 6/2); 30 percent fractured, vuggy, and intergranular
681.4 683.0 L )

porosity; poorly indurated

Dolostone; pale yellow brown (5yr 6/2); 20 percent fractured, vuggy, and intergranular
683.0 687.0 L )

porosity; poorly indurated
687.0 690.0 |No sample
690.0 696.7 |Dolostone; grayish orange (10yr 7/4); 10 intergranular; poor induration

Dolostone; pale yellow brown (5yr 6/2); 10 percent intergranular porosity; clayey; poor
696.7 697.0 induration

Dolostone; grayish orange (10yr 7/4); 10 percent intergranular porosity; poor induration;
697.0 698.2 29

some lamination
698.2 700.0 |No sample

Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; some lamination;
700.0 709.0 - .

poor induration
709.0 710.0 |No sample

Dolostone; moderate yellow brown (5yr 5/4); 30 percent fracture, vuggy and pin-point
710.0 726.0 Lo s .

porosity; microcrystalline; poorly to well indurated

Dolostone; moderate yellow brown (5yr 5/4); 20 percent vuggy and pin-point porosity;
726.0 727.4 .

moderately indurated
727.4 729.0 |Dolostone; pale yellow brown (5yr 6/2); 10 percent intergranular porosity; mod indurated

Dolostone; pale yellow brown (5yr 6/2); 20 percent vuggy and pin point porosity; mod
729.0 730.0 indurated

Dolostone; pale yellow brown (5yr 6/2); 30 percent fracture, vuggy and pin-point porosity;
730.0 736.0 - L -

microcrystalline; well indurated

Dolostone; pale yellow brown (5yr 6/2); 20 percent fracture and intercrystalline porosity;
736.0 740.0 - . .

microcrystalline; moderately indurated

Dolostone; dark yellow brown (10yr 4/2); 30 percent fracture, vuggy and pin point
740.0 749.0 Lo L AR ;

porosity; microcrystalline; some lamination; well indurated

Dolostone; pale yellow brown (5yr 6/2); 30 percent fracture vugs and pin point porosity;
749.0 750.0 : R i .

microcrystalline; laminated; well indurated

Dolostone; moderate yellow brown (5yr 5/4); 30 percent fracture, vuggy and pin-point
750.0 754.6 L C .

porosity; microcrystalline; well indurated

Calcareous dolostone; moderate yellow brown (10yr 5/4); 30 percent fracture, vuggy and
754.6 756.4 |0 o .

pin point porosity; well indurated
756.4 759.4 Calcareous dolostone; moderate yellow brown (10yr 5/4); 20 percent vuggy and pin point

porosity; well indurated
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From Depth| To Depth . .

(ft bls) (ft bls) Material Description

Calcareous dolostone; very pale orange (10yr 8/2); 20 percent vuggy and pin point
759.4 760.0 L . 4

porosity; moderate induration

Dolostone; moderate yellow brown (5yr 5/4); 30 percent fracture, pin-point, vuggy and
760.0 766.5 |fossil moldic (bivalves) porosity; microcrystalline; some organic lamenation; well

indurated

Dolostone; grayish orange (10yr 7/4); 30 vuggy, pin point, and moldic porosity;
766.5 770.0 - S - .

microcrystalline; moderate induration

Dolostone; grayish orange (10yr 7/4); 30 fracture, vuggy, fossil moldic (bivalves) , and pin
770.0 778.4 . R 7 . .

pointporosity; microcrystalline; good induration

Dolostone; grayish orange (10yr 7/4); 10 percent intergranular porosity; clayey; organic
778.4 778.8 . ! -

lamenae; poor induration

Dolostone; grayish orange (10yr 7/4); 30 fracture, vuggy and pin pointporosity;
778.8 780.0 - S - .

microcrystalline; moderate induration

Dolostone; pale yellow brown (5yr 6/2); 30 percent fracture, moldic, pin point and vuggy
780.0 786.0 Lo L )

porosity; microcrystalline; moderately indurated
786.0 786.4 polostqne; pale yellow brown (5yr 6/2); 10 percent pin point porosity; clayey; poor

induration

Dolostone; pale yellow brown (5yr 6/2); 10 percent pin point porosity; clayey; organic
786.4 786.7 . : .

lamenae; poor induration

Dolostone; pale yellow brown (5yr 6/2); 20 percent pin point porosity; microcrystalline;
786.7 788.1 ;

well indurated
788.1 790.0 |No sample
790.0 791.9 |Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; poor induration
791.9 794.4  |Dolostone; grayish orange (10yr 7/4); 10 pinpoint; good induration
794.4 795.6  |Dolostone; grayish orange (10yr 7/4); 10 pinpoint; poor induration

Dolostone; grayish orange (10yr 7/4); no observable porosity; laminated; moderate
795.6 796.2 | -

induration
796.2 798.2 |Dolostone; grayish orange (10yr 7/4); 10 pinpoint; poor induration

Calcareous dolostone; dark yellow brown (10yr 4/2); 30 fracture porosity;
798.2 799.4 - S . .

microcrystalline; good induration

Dolostone; grayish orange (10yr 7/4); 30 percent fracture and pinpoint porosity;
799.4 805.0 - A . :

microcrystalline; good induration

Dolostone; very pale orange (10yr 8/2); 30 percent moldic and pinpoint porosity;
805.0 806.0 - . . .

microcrystalline; good induration

Dolostone; very pale orange (10yr 8/2); 30 percent fracture and pinpoint porosity;
806.0 808.5 : . ; .

microcrystalline; moderate induration

Dolostone; grayish orange (10yr 7/4); 30 percent fracture, vuggy, and pinpoint porosity;
808.5 809.4 - A . 2

microcrystalline; good induration

Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; microcrystalline; poor
809.4 810.1 induration

Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; microcrystalline;
810.0 811.2 . .

good induration
811.2 811.9 |Dolostone; very pale orange (10yr 8/2); no observable porosity; poor induration
811.9 812.2 |Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; poor induration

Dolostone; very pale orange (10yr 8/2); 30 percent moldic, vuggy and pinpoint porosity;
812.2 813.3 ; -

moderate induration

Dolostone; very pale orange (10yr 8/2); 20 percent vuggy and pinpoint porosity; moderate
813.3 814.2 induration

Dolostone; very pale orange (10yr 8/2); 20 percent vuggy and pinpoint porosity; poor
814.2 814.8 induration
814.8 817.0 Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; moderate induration,

some lamination
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(ft bls) (ft bls) Material Description

Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; moderate induration,
817.0 817.2 : i -

laminated; organics

Dolostone; very pale orange (10yr 8/2); 30 percent fracture and pinpoint porosity; mod
817.2 817.8 |. -

induration

Dolostone; very pale orange (10yr 8/2); 20 percent vuggy and pinpoint porosity; poor
817.8 819.0 |. .

induration

Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; some organic
819.0 819.9 DS . .

lamination; poor induration

Dolostone; very pale orange (10yr 8/2); 30 percent fracture and pinpoint porosity; poor
819.9 820.3 |. .

induration
820.3 822.1 |Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; poor induration
822.1 822.7 |Dolostone; grayish orange (10yr 7/4); 20 percent pinpoint porosity; moderate induration
822.7 823.2 |Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; moderate induration

Dolostone; grayish orange (10yr 7/4); 30 percent fracture and pinpoint porosity; moderate
823.2 824.0 induration

Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; microcrystalline; some
824.0 827.3 DS . 4

lamination; good induration

Dolostone; grayish orange (10yr 7/4); 30 percent fracture and pinpoint porosity;
827.0 828.0 - A . )

microcrystalline; good induration

Dolostone; grayish orange (10yr 7/4); 20 percent pinpoint and intercrystalline porosity;
828.0 829.1 A .

moderate induration
829.1 830.0 |No sample
830.0 830.7 |Calcareous dolostone; grayish orange (10yr 7/4); no observable porosity; poor induration

Calcareous dolostone; grayish orange (10yr 7/4); 20 percent pin point porosity; moderate
830.7 832.0 induration

Calcareous dolostone; grayish orange (10yr 7/4); 30 percent vuggy and moldic porosity;
832.0 832.7 - s S . !

microcrystalline; some lamination; moderate induration

Dolostone; grayish orange (10yr 7/4); no observable porosity; microcrystalline; moderate
832.7 833.2 |. -

induration

Dolostone; grayish orange (10yr 7/4); 30 percent vuggy and pin point porosity;
833.2 836.0 - A . 2

microcrystalline; good induration

Dolostone; grayish orange (10yr 7/4); 30 percent vuggy, moldic and pin point porosity;
836.0 837.0 - R ) - .

microcrystalline; bivalve molds; good induration

Dolostone; grayish orange (10yr 7/4); 10 percent pin point porosity; microcrystalline; good
837.0 837.7 |. -

induration
8377 8392 :?fjluorztt(i)gﬁ; grayish orange (10yr 7/4); no observable porosity; organic lamination; poor

Dolostone; grayish orange (10yr 7/4); 20 percent pin point porosity; microcrystalline; good
839.2 840.0 |. .

induration
840.0 841.6 |Dolomitic silt; grayish orange (10yr 7/4); no observable porosity; non-cohesive

Dolostone; grayish orange (10yr 7/4); 10 percent pin point and vuggy porosity; good
841.6 844.0 induration

Dolostone; grayish orange (10yr 7/4); 30 percent fracture, vuggy and pinpoint porosity;
844.0 850.0 - 4

poor induration
850.0 850.7 |Dolomitic silt; grayish orange (10yr 7/4); no observable porosity; non-cohesive

Dolostone; grayish orange (10yr 7/4); 10 percent pin point porosity; poor to moderate
850.7 853.1 |. .

induration

Dolostone; grayish orange (10yr 7/4); 30 percent fracture and pinpoint porosity;
853.1 856.0 - A . )

microcrystalline; good induration
856.0 8570 Dolostone; grayish orange (10yr 7/4); 30 percent fracture, vuggy, moldic, and pinpoint

porosity; microcrystalline; good induration
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(ft bls) (ft bls) Material Description

Dolostone; grayish orange (10yr 7/4); 30 percent fracture and pinpoint porosity;
857.0 858.0 - A . 2

microcrystalline; good induration
858.0 860.0 |No sample

Dolostone; very pale orange (10yr 8/2); 30 percent moldic, vuggy and pinpoint porosity;
860.0 860.4 . :

good induration

Dolostone; very pale orange (10yr 8/2); 20 percent vuggy and pinpoint porosity;
860.4 861.1 - i h :

microcrystalline; good induration

Dolostone; very pale orange (10yr 8/2); 30 percent fracture, vuggy and pinpoint porosity;
861.1 864.8 A - .

some lamination; good induration

Dolostone; greyish orange (10yr 8/2); 30 percent fracture, vuggy and pinpoint porosity;
864.8 865.7 . .

good induration

Dolostone; very pale orange (10yr 8/2); 30 percent fracture, vuggy, and pinpoint porosity;
865.7 868.2 ; -

moderate induration

Calcareous dolostone; dark yellow brown (10yr 4/2); 20 percent pinpoint porosity;
868.2 868.9 - . ; .

microcrystalline; moderate induration
868.9 870.0 |No sample

Calcareous dolostone; pale yellow brown; 20 percent intercrystalline and pin point
870.0 870.8 Lo oy . .

porosity; microcrystalline; good induration

Calcareous dolostone; pale yellow brown; 10 percent pin point porosity; microcrystalline;
870.8 873.0 . .

good induration

Dolostone; grayish orange (10yr 7/4); 10 percent pin point porosity; microcrystalline; good
873.0 874.0 |. -

induration

Dolostone; grayish orange (10yr 7/4); 30 percent moldic, vuggy and pin point porosity;
874.0 874.7 S Y . :

gastropods and foraminifera; microcrystalline; good induration

Dolostone; grayish orange (10yr 7/4); 20 percent vuggy and pin point porosity; good
874.7 879.0 |. -

induration
879.0 879.5 |Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; poor induration
879.5 880.0 |No sample
880.0 884.5 |Dolostone; grayish orange (10yr 7/4);20 percent pin point porosity; good induration

Dolostone; grayish orange (10yr 7/4); 30 percent moldic, vuggy, and pin point porosity;
884.5 884.9 L ] . .

foraminifera and gastropods; good induration
884.9 886.4 !Dolost(_)ne; grayish orange (10yr 7/4); 20 percent vuggy and pin point porosity; poor

induration

Dolostone; grayish orange (10yr 7/4); 30 percent vuggy, fossil moldic, and pin point
886.4 888.9 " h .

porosity; moderate induration

Calcareous dolostone; very pale orange (10yr 8/2); 10 intergranular porosity; moderate
888.9 890.0 |. .

induration

Dolostone; very pale orange (10yr 8/2); 20 percent pinpoint porosity; some lamination;
890.0 8934 | . . ! .

bivalves; poor induration

Dolostone; very pale orange (10yr 8/2); 30 percent fracture, vuggy and pinpoint porosity;
893.4 898.6 ; -

moderate induration
898.6 900.0 |No sample
900.0 909.0 |No sample

Dolostone; grayish orange (10yr 7/4); 10 percent pin point porosity; some lamination;
909.0 912.0 ; .

moderate induration

Dolostone; grayish orange (10yr 7/4); 10 percent pin point porosity; some lamination;
912.0 9135 . .

good induration
913.5 914.3 |Dolostone; grayish orange (10yr 7/4); 10 percent pin point porosity; poor induration

Calcareous dolostone; dark yellow brown (10yr 4/2); 20 vuggy porosity; microcrystalline;
914.3 914.9 . .

good induration
914.9 917.2 |Dolostone; grayish orange (10yr 7/4); 10 percent vuggy point porosity; poor induration
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From Depth| To Depth . .
(ft bls) (ft bls) Material Description
Dolostone; grayish orange (10yr 7/4); 10 percent pin point porosity; microcrystalline; some
917.2 920.6 o A ) .
lamination and organics; poor induration
Dolostone; dark yellow orange (10yr 6/6); 30 percent fracture and pin point porosity; good
920.6 9217 induration
Dolostone; very pale orange (10yr 8/2); 20 percent pinpoint and vuggy porosity; moderate
92L.7 926.8 induration
Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; organic lamination;
926.8 929.4 ; -
moderate induration
929.4 930.7 |Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; poor induration
930.7 937.0 |Dolostone; very pale orange (10yr 8/2); no observable porosity; poor induration
937.0 938.8 |Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; poor induration
938.8 942.8 |Dolostone; very pale orange (10yr 8/2); no observable porosity; poor induration
Calcareous dolostone; dark yellow brown (10yr 4/2); 10 percent vuggy porosity;
942.8 943.7 - S . .
microcrystalline; good induration
943.7 947.1 |Dolostone; very pale orange (10yr 8/2); no observable porosity; poor induration
947.1 947.7 |Dark yellow brown (10yr 4/2); 10 percent vuggy porosity; moderate induration
947.7 948.7 |Dolostone; very pale orange (10yr 8/2); no observable porosity; poor induration
948.7 949.2  |Dark yellow brown (10yr 4/2); 10 percent vuggy porosity; moderate induration
949.2 950.0 |Dolostone; greyish orange (10yr 7/4); no observable porosity; poor induration
950.0 951.1 |Greyish orange (10yr 7/4); 10 percent pin point porosity; moderate induration
Dolostone; grayish orange (10yr 7/4); 20 percent vuggy, moldic, and pin point porosity;
951.2 952.2 - A . 2
microcrystalline; good induration
Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; some lamination; poor
952.2 958.6 |. -
induration
958.6 960.0 !Dolost(_)ne; grayish orange (10yr 7/4); no observable porosity; some lamination; poor
induration
960.0 962.2  |Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; poor induration
Calcareous dolostone; dark yellow brown (10yr 4/2); 20 percent vuggy porosity;
962.2 963.4 - S : .
microcrystalline; moderate induration
Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; some lamination;
963.4 966.8 - .
poor induration
966.8 967.3 |Dolostone; very pale orange (10yr 8/2); no observable porosity; poor induration
967.3 968.5 |Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; poor induration
Dolostone; dark yellow brown (10yr 4/2); 30 percent vuggy porosity; fenestrate vugs;
968.5 969.0 - L . .
microcrystalline; good induration
Dolostone; very pale orange (10yr 8/2); 10 percent intergranular porosity; some
969.0 969.6 PSP . .
lamination; poor induration
Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; microcrystalline;
969.6 972.3 ; .
moderate induration
972.3 974.2 |Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; moderate induration
Dolostone; very pale orange (10yr 8/2); 10 percent intercrystalline porosity;
974.2 976.1 - ST . N . .
microcrystalline; interclasts and organic lamination; moderate induration
Dolostone; dark yellow brown (10yr 4/2); 30 percent fracture, vuggy, and pin point
976.1 976.7 Lo L - -
porosity; microcrystalline; good induration
976.1 980.0 |Dolostone; very pale orange (10yr 8/2); 10 percent pin point porosity; moderate induration
Dolostone (packstone); very pale orange (10yr 8/2); 20 percent pin point and intergranular
980.0 986.7 " ) ) .
porosity; pellets; moderate induration
Dolostone; very pale orange (10yr 8/2); 10 percent pin point and intergranular porosity;
986.7 989.2 : .
poor induration
989.2 990.5 |Dolostone; very pale orange (10yr 8/2); no observable porosity; good induration
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From Depth| To Depth . .
(ft bls) (ft bls) Material Description
990.5 9913 !Dolost(_)ne; very pale orange (10yr 8/2); 10 percent intergranular porosity; moderate
induration
9913 991 7 !Dolost(_)ne; very pale orange (10yr 8/2); 20 percent intergranular porosity; moderate
induration
Dolostone (packstone); very pale orange (10yr 8/2); 10 percent intergranular porosity;
991.7 993.5 ) - .
pellets; moderate induration
Dolostone; very pale orange (10yr 8/2); 20 percent vuggy and pin point porosity; poor
993.5 994.0 |. .
induration
994.0 1000.0 |Dolostone; very pale orange (10yr 8/2); 10 percent intergranular porosity; poor induration
Calcareous dolostone; dark yellow brown (10yr 4/2); 20 percent vuggy porosity;
1000.0 10003 |~. s ; .
microcrystalline; moderate induration
1000.3 1001.8 :?13:]02322; very pale orange (10yr 8/2); 10 percent intergranular porosity; moderate
Calcareous dolostone; dark yellow brown (10yr 4/2); 30 percent fractured porosity;
1001.8 1002.0 |~. s ; .
microcrystalline; moderate induration
1002.0 1005.0 |Dolostone; very pale orange (10yr 8/2); no observable porosity; poor induration
Calcareous dolostone; dark yellow brown (10yr 4/2); 30 percent fractured porosity;
1005.0 10053 |~ . ; .
microcrystalline; moderate induration
1005.3 1008.0 |Dolostone; very pale orange (10yr 8/2); no observable porosity; moderate induration
1008.0 1010.0 |No sample
Dolostone (packstone); grayish orange (10yr 7/4); 20 percent pinpoint porosity; organic
1010.0 1011.1 PSP . ;
lamination; moderate induration
Dolostone (packstone); very pale orange (10yr 8/2); 30 percent vuggy, moldic and pin
1011.1 1012.3 . s : AU . h
point porosity; organic lamination; moderate induration
11123 1013.0 Dolostone_; grayls_h orange (10yr 7/4); no observable porosity; organic lamination;
moderate induration
1013.0 1015.6 |Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; moderate induration
1015.6 1016.3 :?1(()jluorit:i)(r)1re]; grayish orange (10yr 7/4); 30 percent vuggy and pinpoint porosity; moderate
1016.3 1016.8 Dolostone_; grayls_h orange (10yr 7/4); 10 percent pinpoint porosity; organic lamination;
moderate induration
1016.8 1017.4 |Dolostone; grayish orange (10yr 7/4); 20 percent pinpoint porosity; moderate induration
1017.4 1018.0 Dolostone_; grayls_h orange (10yr 7/4); 30 percent vuggy, moldic and pinpoint porosity;
moderate induration
1018.0 1019.8 Dolos_tor.1e; grayish _orange_(lOyr 7/4); 20 percent vuggy, fossil moldic, and pinpoint
porosity; moderate induration
1019.8 1021.0 Dologtone; very pale orange (10yr 8/2); 30 percent fracture, vuggy and pinpoint porosity;
poor induration
1021.0 10225 333232? very pale orange (10yr 8/2); 10 percent vuggy and moldic porosity; poor
10225 1026.3 DoIos_torTe; very light gray (n8); no observable porosity; 20 percent clay; 10 percent
organics; poor induration
1026.3 1027.4 |Dolostone; pale yellow brown (5yr 6/2); 10 percent intergranular porosity; poor induration
1027.4 1030.0 |No sample
1030.0 1031.4 polostqne; pale yellow brown (5yr 6/2); no observable porosity; laminated; moderate
induration
1031.4 1032.8 |Dolostone; pale yellow brown (5yr 6/2); 10 percent intergranular porosity; poor induration
1032.8 1034.0 |Dolostone; pale yellow brown (5yr 6/2); no observable porosity; moderate induration
1034.0 1034.7 |Evaporite; light gray (n7); microcrystalline; no observable porosity; well indurated
1034.7 1038.8 Dolostone; very pale orange (10yr 8/2); 10 percent intergranular porosity; moderate

induration
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From Depth| To Depth . .
(ft bls) (ft bls) Material Description
1038.8 1039.3 |Evaporite; light gray (n7); no observable porosity; well indurated
Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; 20 percent evaporite
1039.3 1041.1 . . .
nodules; moderate induration
1041.1 1041.6 |Evaporite; light gray (n7); microcrystalline; no observable porosity; well indurated
Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; 20 percent evaporite
1041.6 1043.2 o - i . -
nodules; highly laminated; good induration
10432 10507 Dolosto.ne; graylsh orange (10yr 7/4); 10 percent pinpoint porosity; 20 percent evaporite
nodules; good induration
1050.7 1051.0 |Evaporite; light gray (n7); microcrystalline; no observable porosity; well indurated
1051.0 1054.9 Dolpsto_ne;.grayls_h orange (10yr 7/4); 10 percent pinpoint porosity; some organic
lamination; good induration
1054.9 1056.3 :?13:]02322; pale yellow brown (5yr 6/2); 10 percent pinpoint porosity; intraclasts; good
156.3 1058.8 Dolos_tone; very pale orange (10yr 8/2); no observable porosity; some evaporite nodules;
good induration
1058.8 1059.0 |Evaporite; light gray (n7); microcrystalline; no observable porosity; well indurated
1059.0 1060.0 |Dolostone; very pale orange (10yr 8/2); no observable porosity; good induration
1060.0 1060.7 |Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; good induration
1060.7 1061.6 |Evaporite; light gray (n7); microcrystalline; no observable porosity; well indurated
1061.6 1063.6 |Dolostone; grayish orange (10yr 7/4); no observable porosity; moderate induration
1063.6 1064.4 |Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; good induration
1064.4 1065.1 |Evaporite; light gray (n7); microcrystalline; no observable porosity; well indurated
Dolostone; grayish orange (10yr 7/4); 20 percent vuggy, moldic, and pinpoint porosity;
1065.1 1067.0 |_. A . 2
microcrystalline; good induration
1067.0 1068.2 Dolosto.ne; grayish orange (10yr 7/4); 10 percent pinpoint porosity; 20 percent evaporite
nodules; good induration
1068.2 1070.3 Dolostorle; gra_ylsh orange (10yr 7/4); 10 percent pinpoint porosity; 5 percent evaporite
nodules; good induration
Dolostone; grayish orange (10yr 7/4); 20 percent vuggy, moldic, and pinpoint porosity;
1070.3 10714 | . A . 2
microcrystalline; good induration
Dolostone; grayish orange (10yr 7/4); no observable porosity; microcrystalline; 30 percent
1071.4 1071.8 : ) . .
evaporite nodules; good induration
Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; microcrystalline;
1071.8 1072.6 - LA . .
organic lamination; mod induration
1072.6 10741 D(_)Iostone; gr_ayl.sh orange (10_yr 7/4); 20 percent moldic and pinpoint porosity;
microcrystalline; good induration
1074.1 1077.9 :?13L0rsatt(i)gﬁ; grayish orange (10yr 7/4); 10 percent pinpoint porosity; microcrystalline; good
Dolostone; grayish orange (10yr 7/4); 20 percent moldic, vuggy, and pinpoint porosity;
1077.9 1079.8 | . A ) - :
microcrystalline; bivalve molds; good induration
1079.8 1080.4 |Evaporite; light gray (n7); microcrystalline; no observable porosity; well indurated
1080.4 10826 :?13L0rsatt(i)gﬁ; grayish orange (10yr 7/4); 10 percent pinpoint porosity; microcrystalline; good
Dolostone; grayish orange (10yr 7/4); no observable porosity; microcrystalline; 30 percent
1082.6 1085.8 : . ) -
evaporite nodules; good induration
1085.8 1088.0 |Evaporite; white (n9); no observable porosity; well indurated
1088.0 1089.0 :Er:(/jel\ﬁ(;{étg; very pale orange (10yr 8/2); no observable porosity; 40 percent dolomite; well
1089.0 1090.0 Dolostone; very pale orange (10yr 8/2); no observable porosity; 40 percent evaporite

nodules; well indurated
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From Depth| To Depth . .
(ft bls) (ft bls) Material Description
1090.0 1094.6 Dolosto.ne; very pale orange (10yr 8/2); no observable porosity; 10 percent evaporite
nodules; well indurated
1094.6 1096.8 Dolosto.ne; very pale orange (10yr 8/2); no observable porosity; 40 percent evaporite
nodules; well indurated
1096.8 1103.7 Evapo_rlte.; very light gray (n8); microcrystalline; no observable porosity; 40 percent
dolomite; well indurated
Dolostone; very pale orange (10yr 8/2); no observable porosity; 40 percent evaporite
1103.7 1106.8 . L o N .
nodules and fill of pinpoint porosity; some lamination; well indurated
1106.8 11114 Evap_orlte; light gray (n7); microcrystalline; no observable porosity; 40 percent dolostone;
well indurated
Dolostone; very pale orange (10yr 8/2); microcrystalline; no observable porosity; 20
11114 1112.8 ) ; :
percent evaporite nodules; well indurated
Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; 10 percent evaporite
1112.8 1120.0 . .
nodules; well indurated
Dolostone; very pale orange (10yr 8/2); no observable porosity; 20 percent evaporite
1120.0 1122.7 . ; ;
nodules and intergranular; well indurated
Dolostone; grayish orange (10yr 7/4); microcrystalline; 10 percent pinpoint and vuggy
1122.7 1126.4 " : ! -
porosity; 5 percent evaporite nodules; well indurated
Dolostone; very pale orange (10yr 8/2); no observable porosity; 20 percent evaporite
1126.4 1129.1 . .
nodules; moderately indurated
Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint porosity; 5 percent evaporite
1199.1 1130.0 . . .
nodules; moderate induration
Dolostone; grayish orange (10yr 7/4); microcrystalline; 10 percent pinpoint and vuggy
1130.0 11314 " : ) :
porosity; 30 percent evaporite nodules; well indurated
11314 11316 Dolos_to.ne; dark yeIIo_w brown (10yr 4/2); 10 percent intergranular porosity; highly
organic; poor induration
Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint and vuggy porosity; 20 percent
1131.6 1133.8 : ) :
evaporite nodules; well indurated
1133.8 1134.8 |Dolostone; grayish orange (10yr 7/4); no observable porosity; well indurated
Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint and vuggy porosity;
1134.8 1137.7 | . A : i . .
microcrystalline; 10 percent evaporite nodules; gastropod molds; well indurated
1137.7 1138.6 |Dolostone; very pale orange (10yr 8/2); no observable porosity; moderatly indurated
1138.6 1140.0 |No sample
Dolostone; grayish orange (10yr 7/4); 10 percent pinpoint and vuggy porosity;
1140.0 11415 |~ A . i !
microcrystalline; 30 percent evaporite nodules; well indurated
Dolostone; very pale orange (10yr 8/2); microcrystalline; 10 percent pinpoint porosity; 10
11415 11434 ) ; :
percent evaporite nodules; well indurated
Dolostone; very pale orange (10yr 8/2); microcrystalline; 10 percent pinpoint porosity; 20
11434 1147.3 2 . R .
percent evaporite nodules and intersitial fill; well indurated
1147.3 1148.0 |Dolostone; very pale orange (10yr 8/2); no observable porosity; poor induration
Dolostone; very pale orange (10yr 8/2); microcrystalline; 10 percent pinpoint porosity; 20
1148.0 1151.2 2 . A >
percent evaporite nodules and intersitial fill; well indurated
1151.2 1151.7 |Dolostone; very pale orange (10yr 8/2); no observable porosity; poor induration
Dolostone; ver pale orange (10yr 8/2); no observable porosity; microcrystalline; 20 percent
1151.7 1156.0 : - - . ) )
evaporite nodules and interstial, some birdseye; well indurated
1156.0 1157.5 |Dolostone; very pale orange (10yr 8/2); 10 percent pinpoint porosity; moderate induration
Dolostone; very pale orange (10yr 8/2); no observable porosity; 30 percent evaporite
11575 1160.5 . o )
nodules and interstitial; well indurated
1160.5 1162.0 Dolostong; gr_aylsh orange (10yr 7/4); 10 percent pin point porosity; moderatly indurated;
some lamination
1162.0 1162.4 Dolostone; very pale orange (10yr 8/2); microcrystalline; no observable porosity; 40

percent evaporite nodules and interstitial; well indurated
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From Depth| To Depth . L

(ft bls) (ft bls) Material Description
1162.4 1163.9 |Dolostone; grayish orange (10yr 7/4); 10 percent pin point porosity; moderatly indurated
1163.9 1164.4 Evapo_rite.; very light gray (n8); microcrystalline; no observable porosity; 40 percent

dolomite; well indurated

Dolostone; very pale orange (10yr 8/2); no observable porosity; chalky; up to 20 percent
1164.4 1170.9 : . T .

evaporite nodules and interstitial fill; well indurated
1170.9 1172.0 Er\glaar:](?(r:lste; light gray (n8); microcrystalline; no observable porosity; mod indurated; trace

Dolostone; very pale orange (10yr 8/2); no observable porosity; chalky; 30 percent
1172.0 1179.5 : . NSy .

evaporite nodules and interstitial fill; mod indurated
11795 1180.0 |No sample

Dolostone; very pale orange (10yr 8/2); no observable porosity; chalky; 20 percent
1180.0 1181.9 : . O .

evaporite nodules and interstitial fill; mod indurated
1181.9 11828 Evapo_rlte.z; very light gray (n8); microcrystalline; no observable porosity; 20 percent

dolomite; well indurated

Dolostone; very pale orange (10yr 8/2); no observable porosity; chalky; 20 percent
1182.8 1189.5 : . O .

evaporite nodules and interstitial fill; mod indurated
1189.5 1190.0 |No sample

Dolostone; very pale orange (10yr 8/2); no observable porosity; chalky; 20 percent
1190.0 1192.0 : . O .

evaporite nodules and interstitial fill; mod indurated

Dolostone; grayish orange (10yr 7/4); no observable porosity; 20 percent evaporite nodules
1192.0 1195.0 . L2 S ; )

and interstitial fill, some crystalline; well indurated; mollusks

Dolostone; grayish orange (10yr 7/4); no observable porosity; 20 percent evaporite nodules
1195.0 1199.5 . L2 S - )

and interstitial fill, some crystalline; mod indurated; mollusks
1199.5 1200.0 |No sample

Dolostone; very pale orange (10yr 8/2); no observable porosity; 30 percent evaporite
1200.0 1209.5 . e ! i

nodules and interstitial fill, well indurated; few mollusks
1209.5 1210.0 |No sample

Dolostone; very pale orange (10yr 8/2); no observable porosity; 20 percent evaporite
1210.0 1212.1 . NP g i :

nodules and interstitial fill, well indurated; trace organics
1212 1 12128 Evapo_rite.; very light gray (n8); microcrystalline; no observable porosity; 20 percent

dolomite; well indurated

Dolostone; very pale orange (10yr 8/2); no observable porosity; 20 percent evaporite
1212.8 1215.7 . LS d

nodules and interstitial fill, well indurated

Dolostone; very pale orange (10yr 8/2); 10 percent vuggy porosity; 10 percent evaporite
1215.7 1216.2 . LS d

nodules and interstitial fill, well indurated

Dolostone; very pale orange (10yr 8/2); no observable porosity; 20 percent evaporite
1216.2 1216.8 . L ! i . I

nodules and interstitial fill; well indurated; organic lamination
1216.8 1217.1 |Evaporite; light gray (n7); microcrystalline; no observable porosity; well indurated
1217.1 1218.2 |Dolostone; mod yellow brown (10yr 5/4); no observable porosity; well indurated
1218.2 1218.8 |Evaporite; light gray (n7); microcrystalline; no observable porosity; well indurated

Dolostone; mod yellow brown (10yr 5/4); no observable porosity; 20 percent evaporite
1218.8 1219.5 . A, : : ) Lo

nodules and interstitial fill, well indurated; organic lamination
1219.5 1220.0 |No sample
12200 1991 1 Dolostone; very pale orange (10yr 8/2); no observable porosity; 40 percent evaporite

' "~ |nodules and interstitial fill; chalky; moderately indurated

Dolostone; very pale orange (10yr 8/2); 20 percent vuggy porosity; chalky; well indurated:;
1221.1 1222.0 - oo

some residual evaporite in vugs

Dolostone; grayish orange (10yr 7/4); no observable porosity; 20 percent evaporite nodules
1222.0 1223.5 . /ey :

and interstitial fill; well indurated
12235 12985 Dolostone; grayish orange (10yr 7/4); 10 percent vuggy porosity; well indurated; residual

evaporite in vugs
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From Depth| To Depth . .
(ft bls) (ft bls) Material Description
1228.5 1229.5 |Dolostone; grayish orange (10yr 7/4); no observable porosity; well indurated
1229.5 1230.0 |No sample
12300 12308 Dolos_tone; qlark_ yellow orange (10yr 6/6); 10 percent vuggy porosity; well indurated;
organic lamination at at base
12308 12353 Dolostone; very pale orange (10yr 8/2); no observable porosity; 40 percent evaporite
' "~ |nodules and interstitial fill; chalky; moderately indurated
19353 1236.1 !Dolostone.:; very pale orange (10yr 8/2); no observable porosity; organic lamination; well
indurated; gastropod
Dolostone; pale yellowish brown (5yr 6/2); 10 percent vuggy porosity; 20 percent
1236.1 1237.3 . - Y A ) .
evaporite nodules and interstitial fill; bivalve; well indurated
Dolostone; pale yellowish brown (5yr 6/2); no observable porosity; 20 percent evaporite
1237.3 1238.2 - oo .
nodules and interstitial fill; well indurated
Dolostone; very pale orange (10yr 8/2); 10 percent vuggy porosity; 20 percent evaporite
1238.2 1239.4 . Pt ) .
nodules and interstitial fill; bivalve; well indurated
Dolostone; very pale orange (10yr 8/2); no observable porosity; 20 percent evaporite
1239.4 1240.7 . L ) -
nodules and interstitial fill; gastropod; well indurated
Dolostone; moderate gray (n5); no observable porosity; 40 percent evaporite nodules and
1240.7 12418 |. PSR, . o i .
interstitial fill; organic lamination at base; well indurated
1241.8 1242.8 |Dolostone; pale yellowish brown (5yr 6/2); no observable porosity; well indurated
12428 12433 Do_Iostone; very pa}le orange (10yr 8/2); 10 percent vuggy porosity; well indurated; trace
residual evaporite in vugs
Dolostone; very pale orange (10yr 8/2); no observable porosity; chalky; 20 percent
1243.3 1244.8 . . G .
evaporite nodules and interstitial fill; well indurated
Dolostone; very pale orange (10yr 8/2); 10 percent vuggy porosity; poorly indurated;
1244.8 1245.7 . . .
apparent evaporite nodule dissolution
1245.7 1248.5 |Dolostone; very pale orange (10yr 8/2); no observable porosity; well indurated
1248.5 1249.5 |Dolostone; very pale orange (10yr 8/2); 10 percent pin point porosity; well indurated
1249.5 1250.0 |No sample
Dolostone; very pale orange (10yr 8/2); 10 percent vuggy and moldic porosity; bivalves;
1250.0 1260.0 - . A .
some residual evaporite vug filling; well indurated
1260.0 1262.8 |Dolostone; very pale orange (10yr 8/2); 20 percent vuggy porosity; well indurated
1962 8 1266.7 Dolo_stone; very pale orange (10yr 8/2); no observable porosity; some organic lamination;
well indurated
1266.7 1267.2 |Dolostone; very pale orange (10yr 8/2); 10 percent vuggy porosity; well indurated
1267.2 1269.0 |Dolostone; very pale orange (10yr 8/2); no observable porosity; well indurated
Dolostone; very pale orange (10yr 8/2); no observable porosity; 10 percent evaporite
1269.0 1270.9 . NP . e .
nodules and interstitial fill, organic lamination; well indurated
Dolostone; very pale orange (10yr 8/2); 10 percent vuggy porosity; some lamination;
1270.9 1274.4 : : L -
partial evaportie vug fill; well indurated
1274.4 1275.0 |Dolostone; very pale orange (10yr 8/2); 10 percent vuggy porosity; well indurated
1275.0 1275.6 |Dolostone; very pale orange (10yr 8/2); no observable porosity; well indurated
19756 1976.7 Dolo_stone; very pale orange (10yr 8/2); 20 percent vuggy and moldic porosity; gastropods;
well indurated
Dolostone; pale yellow brown (5yr 6/2); no observable porosity; 20 percent evaporite
1276.7 1277.8 . R ) . L .
nodules and interstitial fill; partial evaporite vug fill; well indurated
Dolostone; pale yellow brown (5yr 6/2); 20 percent vuggy and moldic porosity; partial
1277.8 1287.0 : = .
evaporite vug fill; well indurated
12870 12895 Dolo§tone; pale yellow brown (5yr 6/2); 10 percent vuggy and moldic porosity; gastropod
mold; well indurated
1289.5 1290.0 |No sample
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From Depth| To Depth . .

(ft bls) (ft bls) Material Description

1290.0 1294.0 Dolost(?ne; pgle yeIIOV\{ brown 5yr 6/2); 10 percent vuggy porosity; organic lamination and
streaks; well indurated;
Dolostone; mod yellow brown (10yr 5/4); sucrosic; 20 percent fracture and pin point

1294.0 1294.5 " . X : e
porosity; well indurated; organic lamination

1294.5 1295.7 |Dolostone; mod yellow brown (10yr 5/4); sucrosic; no observable porosity; well indurated

12957 1296.3 !Dolostone; mod yellow brown (10yr 5/4); sucrosic; 10 percent pin point porosity; well
indurated

1296.3 1298.2 |Dolostone; mod yellow brown (10yr 5/4); sucrosic; no observable porosity; well indurated

1298.2 1299.0 Dolos_tor.1e; mo_d yellow .brown (10yr 5/4); sucrosic; 20 percent fracture and vuggy
porosity; well indurated;

1299.0 1300.0 |No sample

1300.0 1301.0 !Dolostone.:; mod yellow brown (10yr 5/4); 20 percent fracture and vuggy porosity; well
indurated;

1301.0 1303.4 |Dolostone; mod yellow brown (10yr 5/4); 10 percent pin point vugs; well indurated

1303.4 1303.5 |Clay; very pale orange (19yr 8/2); silty; low plasticity; no observable porosity

1303.5 1304.2 |Dolostone; mod yellow brown (10yr 5/4); sucrosic; no observable porosity; well indurated

1304.2 1305.0 |Dolostone; mod yellow brown (10yr 5/4); 20 percent vuggy porosity; well indurated,;

1305.0 1308.1 :?1(()jluorsat;r(1je; mod yellow brown (10yr 5/4); 10 percent pin point vugs; some lamination; well

1308.1 1309.1 :?13L0r5:t()er(]je; mod yellow brown (10yr 5/4); 20 percent vuggy and moldic porosity; well

1309.1 13117 :?13L0r5:t()er(]je; mod yellow brown (10yr 5/4); 10 percent pin point vugs; some lamination; well
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture and vuggy porosity; residual

1311.7 1313.8 o i - i
evaporites in vugs; well indurated;

1313.8 1313.9 |Clay; very pale orange (19yr 8/2); silty; low plasticity; no observable porosity

1313.9 1315.6 |Dolostone; mod yellow brown (10yr 5/4); 20 percent vuggy porosity; well indurated,;

1315.6 1315.7 |Clay; very pale orange (19yr 8/2); silty; low plasticity; no observable porosity

1315.7 1317.3 |Dolostone; pale yellow brown (5yr 6/2); 10 percent vuggy porosity; well indurated

13173 1318.4 :?13L0r5:t()er(]je; pale yellow brown (5yr 6/2); 20 percent vuggy and moldic porosity; well

1318.4 1319.0 Dolo§tone; pale yellow brown (5yr 6/2); 30 percent fracture, vuggy and moldic porosity;
well indurated

1319.0 1320.0 |No sample

1320.0 13212 !Dolostone; pale yellow brown (5yr 6/2); 30 percent vuggy and moldic porosity; well
indurated

1321.2 1322.9 |Dolostone; mod yellow brown (10yr 5/4); 20 percent vuggy porosity; well indurated,;

1322.9 13243 Dolo§tone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy, and moldic porosity;
well indurated

1324.3 1324.4 |Clay; very pale orange (19yr 8/2); silty; low plasticity; no observable porosity

1324.4 1325.7 |Dolostone; mod yellow brown (10yr 5/4); 10 percent pin point porosity; mod indurated

1325.7 1326.0 Dolo§tone; mod yellow brown (10yr 5/4); 10 percent pin point porosity; 10 percent clay;
mod indurated

1326.0 1326.4 |Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture porosity; well indurated

1326.4 1328.8 |Dolostone; mod yellow brown (10yr 5/4); 10 percent pin point porosity; mod indurated

1328.8 1330.0 |No sample

1330.0 1330.4 Dologto_ne;. mod ye!low brown (10yr 5/4); 30 percent fracture porosity; 5 percent evaporite
vug filling; poorly indurated

1330.4 13315 Dolostone; mod yellow brown (10yr 5/4); 10 percent pin point porosity; 5 percent

evaporite vug filling; well indurated
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From Depth| To Depth . .
(ft bls) (ft bls) Material Description
13315 1331.6 |Clay; very pale orange (19yr 8/2); silty; low plasticity; no observable porosity
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture porosity; 5 percent evaporite
1331.6 1333.3 I ?
vug filling; well indurated
13333 13345 Dolost(_)ne; moq yellf)w brqwn (10yr 5/4); 10 percent pin point porosity; 5 percent
evaporite vug filling; well indurated
Dolostone; mod yellow brown (10yr 5/4); 10 percent pin point porosity; 5 percent
1334.5 1334.9 : A A .
evaporite vug filling; clay lamination; well indurated
1334.9 13354 Dolost(_)ne; moq yellf)w brqwn (10yr 5/4); 10 percent pin point porosity; 5 percent
evaporite vug filling; well indurated
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture and vuggy porosity; some
1335.4 1340.0 - Lo ; e ;
organic lamination; 5 percent evaporite vug filling; well indurated
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy and moldic porosity;
1340.0 1340.7 | . e S .
slightly friable; trace organics; mod indurated
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy and moldic porosity;
1340.7 1343.3 o .
trace evaporite; well indurated
13433 13446 D_olostone_; gra.ylsh orange (10yr 7/4); 30 percent fracture, vuggy and moldic porosity;
slightly friable; mod indurated
13446 13455 Dolo§tone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy and moldic porosity;
well indurated
13455 1349.0 !Dolostone; mod yellow brown (10yr 5/4); 20 percent vuggy and moldic porosity; well
indurated
1349.0 1350.0 |No sample
Dolostone; mod yellow brown (10yr 5/4); 30 percent vuggy and moldic porosity; residual
1350.0 1351.3 o i .
evaporite in vugs; well indurated
Dolostone; grayish orange (10yr 7/4); 30 percent fracture, vuggy and moldic porosity;
1351.3 1352.0 | . 2 .
slightly friable; mod indurated
Dolostone; mod yellow brown (10yr 5/4); 30 percent vuggy and moldic porosity; residual
1352.0 1353.0 o i .
evaporite in vugs; well indurated
1353.0 1353.4 D_olostone_; graylsh orange (10yr 7/4); 30 percent fracture, vuggy and moldic porosity;
slightly friable; mod indurated
1353.4 13548 :?1(()jluorsatg(1je; mod yellow brown (10yr 5/4); 30 percent vuggy and moldic porosity; well
13548 1355.6 Dolostone; rTlOd ygllow brown (10yr 5/4); 30 percent vuggy and moldic porosity; 20
percent clay; well indurated
1355.6 1358.0 :?13:102'[0;(]16; mod yellow brown (10yr 5/4); 20 percent vuggy and moldic porosity; well
Dolostone; grayish orange (10yr 7/4); 30 percent fracture, vuggy and moldic porosity;
1358.0 1359.0 |_. 2 .
slightly friable; mod indurated
1359.0 1360.0 |No sample
1360.0 1362.1 :?13:102'[0;(]16; mod yellow brown (10yr 5/4); 30 percent vuggy and moldic porosity; well
Dolostone; grayish orange (10yr 7/4); 30 percent fracture, vuggy and moldic porosity; 20
1362.1 1363.1 > SO .
percent clay; slightly friable; mod indurated
13631 1365.1 513{102'3;(]16; mod yellow brown (10yr 5/4); 30 percent vuggy and moldic porosity; well
Dolostone; grayish orange (10yr 7/4); 30 percent fracture, vuggy and moldic porosity; 20
1365.1 1365.8 > I A .
percent clay; slightly friable; mod indurated
1365.8 13685 !Dolostone; mod yellow brown (10yr 5/4); 30 percent vuggy and moldic porosity; well
indurated
1368.5 1370.0 |No sample
1370.0 1370.3 |Dolostone; mod yellow brown (10yr 5/4); 20 percent vuggy porosity; well indurated
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From Depth| To Depth . .
(ft bls) (ft bls) Material Description
Dolostone; grayish orange (10yr 7/4); 30 percent fracture, vuggy and moldic porosity; 10
1370.3 1371.0 > SO .
percent clay; slightly friable; mod indurated
13710 13722 :?éluorztg:je; mod yellow brown (10yr 5/4); 20 percent vuggy and moldic porosity; well
13722 1374.7 :?1(()jluorsatg(1je; mod yellow brown (10yr 5/4); 10 percent pin point and moldic porosity; well
1374.7 1376.6 Dolo§tone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy and moldic porosity;
well indurated
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy and moldic porosity;
1376.6 1377.1 i b
10 percent clay; mod indurated
13771 13776 Dolo§tone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy and moldic porosity;
well indurated
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy and moldic porosity;
1377.6 1378.0 i h
10 percent clay; mod indurated
1378.0 13795 :?13:102'[0;(]16; mod yellow brown (10yr 5/4); 30 percent vuggy and moldic porosity; well
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy and moldic porosity;
1379.5 1381.3 i .
10 percent clay; mod indurated
13813 13822 Dolo_stone; mod yellow brown (10yr 5/4); 30 percent fracture, vuggy and moldic porosity;
well indurated
1382.2 1383.3 |Dolostone; mod yellow brown (10yr 5/4); 10 percent pin point porosity; well indurated
13833 13838 :?éluorztg:je; mod yellow brown (10yr 5/4); 20 percent vuggy and moldic porosity; well
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture and vuggy porosity; trace
1383.8 1387.3 ; i .
clay in fractured zones; well indurated
1387.3 1388.2 |Dolostone; mod yellow brown (10yr 5/4); 10 percent pin point porosity; well indurated
1388.2 1389.5 |Dolostone; mod yellow brown (10yr 5/4); 20 percent pin point porosity; well indurated
1389.5 1390.0 |No sample
Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture and vuggy porosity; residual
1390.0 1395.0 S g .
evaporite in vugs; well indurated
1395.0 1396.0 Dolo.stone;_mod yellow brown (10yr 5/4); 20 percent vuggy porosity; residual evaporite in
vugs; well indurated
1396.0 1396.8 !Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture and vuggy porosity; mod
indurated
1396.8 1398.7 |Dolostone; mod yellow brown (10yr 5/4); 10 percent pin point porosity; well indurated
1398.7 1400.0 Dolostone; mod yellow brown (10yr 5/4); 30 percent fracture and vuggy porosity; residual

evaporite in vugs; mod indurated
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APPENDIX D:
SUPPORTING INFORMATION FOR PACKER TEST ANALYSIS
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CTD Probe Make & Model: Idronaut - Ocean Seven 304

Parameter Range Accuracy
Pressure 0 to 1,000 dbar 0.01% Full Range
Temperature -510 35°C 0.005°C
Conductivity — Saltwater 0to 70 mS/cm 0.007 mS/cm
Conductivity — Freshwater 0 to 7,000 uS/cm 5 uS/cm

°C = degrees Celsius; pS/cm = microsiemens per centimeter; dbar = decibar; mS/cm = millisiemens per centimeter.

Core casing inner diameter 3.0 inches

Submersible pump make and model Grundfos 1HP 3”

Flow-meter make and model Sensus 1” PPM Series

Pump drop pipe material Galvanized steel

Pump drop pipe diameter 1.25 inches inner / 1.5 inches outer
Packer center pipe material Carbon steel

Packer center pipe inner diameter x length 1inch x 9 feet

Packer screen intake area 16 square inches

Example Head Loss Calculation: Packer Test #2

452Q185
d = ¥ ~185 74865

Where:

1)

2)

3)

4)

P4 = pressure drop due to friction loss over the length of pipe in psig
L = length of pipe (feet)

Q = discharge rate (gpm)

C = pipe roughness coefficient

d = inside pipe diameter (inches)

Pressure drop in Core Casing

4.52(30gpm)1-85
(140) 1.85 (3")4.865

a) P; =191.32ft =0.24 psi

b) Convert pressure in psi to feet of water = 0.24 psi 2'31;% =0.55ft
Pressure drop in Packer Assembly
_ 4.52(30gpm)185 _ .
a) P; = 9ft W— 2.07 psi
. . . 2.31ftH20
b) Convert pressure in psi to feet of water= 2.07 psi e 4.78 ft
Calculate head loss across screen

a) Head Loss = -0.0003rate® + 0.0147rate? - 0.0993rate + 0.0532
= -0.0003(30)° + 0.0147(30)? - 0.0993(30) + 0.0532 = 2.204 ft

Total head loss for packer test #2 = 0.55 ft + 4.78 ft + 2.204 ft = 7.53 ft
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ABS

o

FULL WAVE BHC ACOUSTIC-VDL

Advanced Borehole Services O SF 1 12
COMPANY : HUSS DRILLING
WELL . OSF-112- OTHER SERVICES:
8044
FIELD : TOHO 9320
COUNTY : OSCEOLA
STATE : FLORIDA
LOCATION
SECTION : None
TOWNSHIP : None
RANGE : None
API NO.
UNIQUE WELL ID.
PERMANENT DATUM : MSL ELEVATION KB: None
LOG MEASURED FROM: GS ELEVATION DF: NA
DRL MEASURED FROM: NA ELEVATION GL: NA
DATE 1 1017117
DEPTH DRILLER ;169
BIT SIZE : 6
LOG TOP : 51.50
LOG BOTTOM 1 161.75
CASING OD
CASING BOTTOM 1 60
CASING TYPE : STEEL
BOREHOLE FLUID : MUD
RM TEMPERATURE : 0
MUD RES 0
MUD WEIGHT
WITNESSED BY
RECORDED BY : AFB

REMARKS 1
REMARKS 2

: MUDDED PILOT

ALL SERVICES PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS
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TOOL CALIBRATION OSF=112- 10/17/17 11:12

TOOL 952042
SERIAL NUMBER

DATE

Apr12,99
Apr12,99

TM VERSION 0
667

TIME

23:12:30
20:12:30

SENSOR

GAMMA
GAMMA

Default
Default

STANDARD

[CPS)
[CPS]

Default
Default

RESPONSE

[CPS)
[CPS]




ABS

o

GAMMA RAY (API)-CALIPER

Advanced Borehole Services O SF 1 12
COMPANY : HUSS DRILLING
WELL . OSF-112- OTHER SERVICES:
8044
FIELD : TOHO 9320
COUNTY : OSCEOLA
STATE : FLORIDA
LOCATION
SECTION : None
TOWNSHIP : None
RANGE : None
API NO.
UNIQUE WELL ID.
PERMANENT DATUM : MSL ELEVATION KB: None
LOG MEASURED FROM: GS ELEVATION DF: NA
DRL MEASURED FROM: NA ELEVATION GL: NA
DATE 1 1017117
DEPTH DRILLER ;169
BIT SIZE : 6
LOG TOP : 1.00
LOG BOTTOM 1 165.00
CASING OD
CASING BOTTOM 1 60
CASING TYPE : STEEL
BOREHOLE FLUID : MUD
RM TEMPERATURE : 0
MUD RES 0
MUD WEIGHT
WITNESSED BY
RECORDED BY : AFB

REMARKS 1
REMARKS 2

: MUDDED PILOT

ALL SERVICES PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS
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TOOL CALIBRATION OSF=112- 10/17/17 10:11
TOOL 9074A1 M VERSION 0
SERIAL NUMBER 857

DATE TIME SENSOR STANDARD RESPONSE

Jan12,05 07:10:06 CAMMA Default [cPs] Default [CPS]
Jan12,05 04:10:06 GAMMA 180.000 [API-GR ] 205.00 [CPS]
May11,17 21:01:04 CALIPER 3.000 [INCH ] 156245.00 [cPs]
May11,17 21:01:04 CALIPER 5.000 [INCH ] 150790.00 [CPS]
Oct16,17 15:53:00 CALIPERL 4.000 [INCH ] 156269.00 [CPS]
Oct16,17 15:53:00 CALIPERL 35.500 [INCH ] 86954.00 [CPS]
Dec13,00 22:19:45 CALIPERX Default [cps] Default [cPs]
Dec13,00 22:19:45 CALIPERX Default [cpPs] Default [CPS]




ABS

o

GAMMA RAY-RESISTIVITY (16-64)

Advanced Borehole Services O SF 1 12
COMPANY : HUSS DRILLING
WELL . OSF-112- OTHER SERVICES:
8044
FIELD : TOHO 9320
COUNTY : OSCEOLA
STATE : FLORIDA
LOCATION
SECTION : None
TOWNSHIP : None
RANGE : None
API NO.
UNIQUE WELL ID.
PERMANENT DATUM : MSL ELEVATION KB: None
LOG MEASURED FROM: GS ELEVATION DF: NA
DRL MEASURED FROM: NA ELEVATION GL: NA
DATE 1 1017117
DEPTH DRILLER ;169
BIT SIZE : 6
LOG TOP 1 50.75
LOG BOTTOM 1 162.00
CASING OD
CASING BOTTOM 1 60
CASING TYPE : STEEL
BOREHOLE FLUID : MUD
RM TEMPERATURE : 0
MUD RES 0
MUD WEIGHT
WITNESSED BY
RECORDED BY : AFB

REMARKS 1
REMARKS 2

: MUDDED PILOT

ALL SERVICES PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS
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TOOL CALIBRATION OSF-112- 10/17/17 10:52
TOOL  8044A TM VERSION 0
SERIAL NUMBER 938

DATE TIME SENSOR STANDARD RESPONSE

Jan03,03 10:49:05 GAMMA 0.001 [API-GR ] 0.00 [cPS]
Jan03,03 07:49:05 GAMMA 180.000 [API-GR ] 169,00 [CPS]
May16,17 19:08:20 RES(FL) 41,600 [OHM-M ] 54104.00 [CPS]
May16,17 19:08:20 RES(FL) 0.100 [OHM-M ] 11978.00 [cPS]
hugl7,14 17:00:23 Sp 0.000 W] 59670.00 [CPS]
hugl7,14 17:00:23 SP 395.000 W] 23612.00 CPS
Wi25,17 06:42:26 RES(16N) 0.000 OHM-M ] 128400 CPS
ul25,17 06:42:26 RES(16N) 1996.000 [OHM-M ] 138447.00 [CPS]
25,17 06:42:50 RES(64N) 0.000 [OHM-M ] 1160.00 [CPS]
ul25,17 06:42:50 RES(64N) 1990.000 OHM-M ] 176008.00 CPS
hug!7,14 17:19:05 TEMP 71.700 DEGF ] 63355.00 CPS
hug!7,14 17:19:05 TEMP 81.500 DEGF ] 58740.00 CPS
hug!7,14 15:39:11 RES 0.000 [OHM ] 9855.00 [CPS]
hugl7,14 15:39:11 RES 988.000 [OHM ] 58788.00 [CPS]




ABS

e

Advanced Borehole Services

GAMMA RAY (API)-CALIPER

TOHO WELL OSF-112

COMPANY : HUSS DRILLING

WELL : TOHO WELL OSF-112 OTHER SERVICES:
LOWER S

FIELD : ST CLOUD

COUNTY : OSCEOLA

STATE : FLORIDA

LOCATION

SECTION : None

TOWNSHIP : None

RANGE : None

API NO.

UNIQUE WELL ID.

PERMANENT DATUM : MSL ELEVATION KB: None

LOG MEASURED FROM: GS ELEVATION DF: NA

DRL MEASURED FROM: NA ELEVATION GL: NA

DATE 1 01/09/18

DEPTH DRILLER 1 1400

BIT SIZE : 6

LOG TOP 1 6.75

LOG BOTTOM 1 1400.50

CASING OD

CASING BOTTOM 1 570

CASING TYPE : STEEL

BOREHOLE FLUID : FOR

RM TEMPERATURE : 0

MUD RES 0

MUD WEIGHT

WITNESSED BY

RECORDED BY : AFB

REMARKS 1
REMARKS 2

ALL SERVICES PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS
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TOOL CALIBRATION TOHO WELL OSF-112 01/09/18 10:08

TOOL 9074A  TM VERSION 0

SERIAL NUMBER 857
DATE TIME
Jan12,03 07:10:06
Jan12,03 04:10:06
Jan09,18 14:50:00
Jan09,18 14:50:00
Dec27,17 20:57:41
Dec27,17 20:57:41
Dec13,00 22:19:45
Dec13,00 22:19:45

SENSOR

GAMMA
GAMMA
CALIPER
CALIPER
CALIPERL
CALIPERL
CALIPERX
CALIPERX

Default
180.000
3.000
5.000
6.000
35.500
Default
Default

STANDARD

[CPS]

[API-GR ]

[INCH
[INCH
[INCH
[INCH
[CPS]
[CPS]

]
]
]
]

Default
205.00
157313.00
150790.00
153523.00
86954.00
Default
Default

RESPONSE

[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]




COMBINATION LOG

ABS STATIC WATER QUAL
Advanced Borehole Services - - TOHO WE LL OS F 1 1 2
COMPANY : HUSS DRILLING
WELL : TOHO WELL OSF-112 OTHER SERVICES:
LOWER S
FIELD : ST CLOUD
COUNTY : OSCEOLA
STATE : FLORIDA
LOCATION
SECTION : None
TOWNSHIP : None
RANGE : None
API NO.
UNIQUE WELL ID.
PERMANENT DATUM : MSL ELEVATION KB: None
LOG MEASURED FROM: GS ELEVATION DF: NA
DRL MEASURED FROM: NA ELEVATION GL: NA
DATE - 01/09/18
DEPTH DRILLER : 1400
BIT SIZE )
LOG TOP . 562.75
LOG BOTTOM : 1398.75
CASING OD
CASING BOTTOM : 570
CASING TYPE : STEEL
BOREHOLE FLUID - FOR
RM TEMPERATURE -0
MUD RES 0
MUD WEIGHT
WITNESSED BY
RECORDED BY : AFB
REMARKS 1
REMARKS 2

ALL SERVICES PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS
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FEET

N

OHM-M 100070 DEGF 90
RES(16N) TEMP
OHM-M 1000-0.5 DEGF 0.5
RES(64N) DEL TEMP
OHM-M 10000 OHM-M 75
LATERAL RES(FL)
OHM 10000 US/CM 2500
RES SP COND




TOOL CALIBRATION TOHO WELL OSF-112 01/09/18 08:38
TOOL 8044A TM VERSION 0
SERIAL NUMBER 938

DATE TIME SENSOR
Jan03,03 10:49:05 GAMMA
Jan03,03 07:49:05 GAMMA
May16,17 19:08:20 RES(FL)
May16,17 19:08:20 RES(FL)
Aug17,14 17:00:23 SP
Aug17,14 17:00:23 SP
Jul25,17 06:42:26 RES(16N)
Jul25,17 06:42:26 RES(16N)
Jul25,17 06:42:50 RES(64N)
Jul25,17 06:42:50 RES(64N)
Aug17,14 17:19:05 TEMP
Augi7,14 17:19:05 TEMP
Aug17,14 15:39:11 RES
Augi7,14 15:39:11 RES

0.001
180.000
41.600
0.100
0.000
395.000
0.000
1996.000
0.000
1990.000
71.700
81.500
0.000
988.000

STANDARD

[API-GR ]
[API-GR |
[OHM-M ]
[OHM-M ]

MV
MV

[OHM-M ]
[OHM-M ]
[OHM-M ]
[OHM-M ]
[DEGF ]
[DEGF ]

[OHM
[OHM

]
]

]
]

0.00
169.00
54104.00
11978.00
59670.00
23612.00
4284.00
138447.00
4160.00
176008.00
63355.00
58740.00
9855.00
58788.00

RESPONSE

[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]




COMBINATION LOG

ABS STATIC WATER QUAL
Advanced Borehole Services - - TOHO WE LL OS F 1 1 2
COMPANY : HUSS DRILLING
WELL : TOHO WELL OSF-112 OTHER SERVICES:
VIDEO
FIELD : ST CLOUD
COUNTY : OSCEOLA
STATE : FLORIDA
LOCATION
SECTION : None
TOWNSHIP : None
RANGE : None
API NO.
UNIQUE WELL ID.
PERMANENT DATUM : MSL ELEVATION KB: None
LOG MEASURED FROM: GS ELEVATION DF: NA
DRL MEASURED FROM: NA ELEVATION GL: NA
DATE . 01/16/18
DEPTH DRILLER : 1400
BIT SIZE )
LOG TOP 1 320.25
LOG BOTTOM : 546.50
CASING OD
CASING BOTTOM : 570
CASING TYPE : STEEL
BOREHOLE FLUID - FOR
RM TEMPERATURE -0
MUD RES 0
MUD WEIGHT
WITNESSED BY
RECORDED BY : AFB
REMARKS 1 : UPPER SEC
REMARKS 2

ALL SERVICES PROVIDED SUBJECT TO STANDARD TERMS AND CONDITIONS
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OHM-M 1000170 DEGF 90
RES(16N) TEMP
OHM-M 10001-0.5 DEGF 0.5
RES(64N) DEL TEMP
OHM-M 100000 OHM-M 75
LATERAL RES(FL)
OHM 100000 US/CM 2500
RES SP COND




TOOL CALIBRATION TOHO WELL OSF-112 01/16/18 10:51
TOOL 8044A TM VERSION 0
SERIAL NUMBER 938

DATE TIME SENSOR
Jan03,03 07:49:05 GAMMA
Jan03,03 07:49:05 GAMMA
May16,17 19:08:20 RES(FL)
May16,17 19:08:20 RES(FL)
Aug17,14 17:00:23 SP
Aug17,14 17:00:23 SP
Jul25,17 06:42:26 RES(16N)
Jul25,17 06:42:26 RES(16N)
Jul25,17 06:42:50 RES(64N)
Jul25,17 06:42:50 RES(64N)
Aug17,14 17:19:05 TEMP
Augi7,14 17:19:05 TEMP
Aug17,14 15:39:11 RES
Augi7,14 15:39:11 RES

0.001
180.000
41.600
0.100
0.000
395.000
0.000
1996.000
0.000
1990.000
71.700
81.500
0.000
988.000

STANDARD

[API-GR ]
[API-GR |
[OHM-M ]
[OHM-M ]

MV
MV

[OHM-M ]
[OHM-M ]
[OHM-M ]
[OHM-M ]
[DEGF ]
[DEGF ]

[OHM
[OHM

]
]

]
]

0.00
169.00
54104.00
11978.00
59670.00
23612.00
4284.00
138447.00
4160.00
176008.00
63355.00
58740.00
9855.00
58788.00

RESPONSE

[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]
[CPS]




OSF-112 (Depth below LS

Depth Optical Borehole Image (QL40-OBI-2G

1ft:4ft
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APPENDIX F:
CORE LABORATORY REPORTS

F-1



Corelah PETROLEUM SERVICES

Thin Section and X-ray Diffraction
Analyses of Core Samples

South Florida Water Management

OSF-112 Well

October 2018

Core Laboratories, Inc.
Houston Advanced Technology Center
6316 Windfern Road
Houston, Texas 77040

Houston ATC Job File No.: 1802883G

The analytical results, opinions or interpretations contained in this report are based upon information and material supplied by the client for whose
exclusive and confidential use this report has been made. The analytical results, opinions or interpretations expressed represent the best judgment of
Core Laboratories. Core Laboratories, however, makes no warranty or representation, expressed or implied, of any type, and expressly disclaims
same as to the productivity, proper operations or profitableness of an oil, gas, coal or other mineral, property, well or sand in connection with which
such report is used or relied upon for any reason whatsoever. This report shall not be reproduced, in whole or in part, without the written approval of
Core Laboratories.




PETROGRAPHIC SUMMARY

Four (4) core samples from OSF-112 Well were selected for thin section and X-ray
diffraction (XRD) analyses (Table 1).

o Thin section samples were impregnated with blue-dyed epoxy, and
subsequently ground and polished to a thickness of 30 microns. The
samples were stained for calcite, ferroan calcite (Fe-calcite) and ferroan
dolomite (Fe-dolomite). Thin section photomicrographs and descriptions are

provided in Plates 1-4.

o Based on thin section and XRD analyses, the analyzed samples consist of

dolostone (Plates 1, 2, 3) and limestone (Plate 4).

o Visible pores are generally abundant and well interconnected in all the
dolostone samples. They are mostly vugs and intercrystal pores, others

such as intraskeletal and moldic pores are less common.

o Visible pores (mainly vug and intercrystal pores) are rare and poorly
interconnected in the limestone sample. The limestone sample is locally

replaced by celestine, which is unevenly distributed.

Thank you for choosing Core Laboratories to perform this study. Please feel free

to contact us if you have any questions or comments concerning this report.

Sincerely,

il

Yong Q. Wu PhD

Senior Project Geologist
Reservoir Geology

Core Laboratories - Houston
Phone: 713-328-2554

E-mail: Yong.Wu@corelab.com



mailto:Yong.Wu@corelab.com

ANALYTICAL PROCEDURES

THIN SECTION PETROGRAPHY
Thin sections were prepared by first impregnating the samples with epoxy to augment

cohesion and to prevent loss of material during grinding. Blue dye was added to the
epoxy. Each thinly sliced sample was mounted on a frosted glass slide and then cut and
ground to an approximate thickness of 30 microns. The thin sections were stained with
the following: Alizarin Red-S to differentiate calcite (stains red) from clear dolomite (does
not stain); potassium ferricyanide to identify ferroan dolomite (stains dark blue) and
ferroan calcite (stains purple to dark blue depending on acid concentration and iron
content of the sample). The thin sections were analyzed using standard petrographic
techniques.

XRD ANALYSIS (XRD)

Samples submitted for whole-rock mineral analysis are first cleaned of obvious drilling
contaminants and then disaggregated in a mortar and pestle. Approximately five grams
of each sample are transferred to isopropyl alcohol and pulverized using a McCrone
micronizing mill. The resultant powders are dried, disaggregated, and packed into
aluminum sample holders to produce random whole-rock mounts. The whole rock
samples are analyzed over an angular range of 2-60 degrees 2-theta at a scan rate of
one degree/minute.

Semi-quantitative determinations of whole-rock mineral amounts are done utilizing
integrated peak areas (derived from peak-decomposition / profile-fitting methods) and
empirical reference intensity ratio (RIR) factors determined specifically for the
diffractometer used in data collection.



South Florida Water Management , OSF-112 Well

TABLE 1

ANALYTICAL PROGRAM AND SAMPLE SUMMARY

Sample ID Depth (ft) TS XRD Lithology Plate No.
16V 912.30-912.50 X X Dolostone 1
17v 945.40-945.60 X X Dolostone 2
18V 962.70-962.90 X X Dolostone 3
19v 978.70-978.90 X X Limestone 4




Mineralogy Determined by X-ray Diffraction

TABLE 2
South Florida Water Management , OSF-112 Well

Whole Rock Mineralogy (Weight %)

Sample ID Depth (ft):
Quartz Calcite Dolomite Celestine
16V 912.30-912.50 0.5 0.0 99.5 0.0
17v 945.40-945.60 0.7 0.0 99.3 0.0
18v 962.70-962.90 0.2 2.2 97.3 0.3
19v 978.70-978.90 0.4 57.5 24 39.7




PLATE 1
Thin Section Petrography

Company: South Florida Water Management Sample Description
Well: OSF-112 Lithology: Dolostone

Location: na

Core Type: Conventional Core Classification (mod. Dunham 1962)
Depth (ft): 912.30-912.50 Finely crystalline dolostone

Sample ID: 16V

Texture and Structures:
Massive

Allochemical Grains:
Moderate dolomitized fossil fragments

Other Grains:_
na

Matrix:
na

Cement and Replacement:
Abundant dolomite; trace to minor clays

Pore Types:
Common to abundant vugs and intercrystal pores; minor
to moderate intraskeletal and moldic pores

XRD-Whole Rock Mineralogy (weight %)

Quartz 0.5 [Dolomite 99.5
Calcite 0.0 |Celestine 0.0

Photo Caption:

Visible pores (blue) are abundant in this dolostone,
and consist of vugs (VG), intercrystal pores (IP),
intraskeletal pores (ISP) and moldic pores. Dolomite
crystals (Doll) are mostly turbid in appearance;
however, the dolomite crystals associated with the
dolomitized fossil fragments (DFos) are relatively
clear in appearance. Trace amounts of clays (Clay)
are locally observed. The original limestone was
possibly a wackestone or packstone and has been
extensively dolomitized.

Relative Abundances:

Trace <1%
Minor 1-5%
Moderate 5-10%
~  Common 10-20%
%gﬁ#;ﬂﬂ Abundant >20%



PLATE 2
Thin Section Petrography

Company: South Florida Water Management Sample Description
Well: OSF-112 Lithology: Dolostone

Location: na

Core Type: Conventional Core Classification (mod. Dunham 1962)
Depth (ft): 945.40-945.60 Finely crystalline dolostone

Sample ID: 17V
Texture and Structures:
A _ _ Massive

Allochemical Grains:
Moderate dolomitized peloids

Other Grains:_
na

Matrix:
na

Cement and Replacement:
Abundant dolomite

Pore Types:
Abundant vugs and intercrystal pores; minor intraparticle
and moldic pores

XRD-Whole Rock Mineralogy (weight %)

Quartz 0.7 [Dolomite 99.3
Calcite 0.0 |Celestine 0.0

Photo Caption:

Visible pores (blue) are abundant in this dolostone,
and consist of vugs (VG), intercrystal pores (IP),
intraparticle pores (IPP) and moldic pores. The
dolomite crystals (Doll) associated with the
dolomitized peloids (DPe) are turbid in appearance;
however, some dolomite crystals (Dol2) are
relatively clear in appearance, locally forming rims
around the peloids. The original limestone was
possibly a wackestone or packstone and has been
extensively dolomitized.

Relative Abundances:

Trace <1%
Minor 1-5%
Moderate 5-10%
~  Common 10-20%
%gﬁ#;ﬂﬂ Abundant >20%



PLATE 3
Thin Section Petrography

Company: South Florida Water Management Sample Description
Well: OSF-112 Lithology: Dolostone

Location: na

Core Type: Conventional Core Classification (mod. Dunham 1962)
Depth (ft): 962.70-962.90 Finely crystalline dolostone

Sample ID: 18V
Texture and Structures:
A _ Massive

Allochemical Grains:
Moderate dolomitized peloids

Other Grains:_
na

Matrix:
na

Cement and Replacement:
Abundant dolomite; trace to minor calcite

Pore Types:
Abundant vugs and intercrystal pores; minor intraparticle
and moldic pores

XRD-Whole Rock Mineralogy (weight %)

Quartz 0.2 [Dolomite 97.3
Calcite 2.2 |Celestine 0.3

Photo Caption:

Visible pores (blue) are abundant in this dolostone,
and consist of vugs (VG), intercrystal pores (IP),
intraparticle pores and moldic pores (MP). The
dolomite crystals (Doll) associated with the
dolomitized peloids (DPe) are turbid in appearance;
however, some dolomite crystals (Dol2) are
relatively clear in appearance, locally forming rims
around the peloids. Trace amounts of calcite cement
(Cal; stained reddish) are locally observed. The
original limestone was possibly a wackestone or
packstone and has been extensively dolomitized.

Relative Abundances:

Trace <1%
Minor 1-5%
Moderate 5-10%
~  Common 10-20%
Eﬁﬁ%ﬂﬂ Abundant >20%



Company:
Well:
Location:
Core Type:
Depth (ft):
Sample ID:

CorelLab

RESERVOIR OPTIMIZATION

PLATE 4

Thin Section Petrography

South Florida Water Management
OSF-112

na

Conventional Core

978.70-978.90

19V

Relative Abundances:

Trace <1%
Minor 1-5%
Moderate 5-10%
Common 10-20%
Abundant >20%

Sample Description
Lithology: Limestone

Classification (mod. Dunham 1962)
Grainstone / Packstone

Texture and Structures:
Massive

Allochemical Grains:
Abundant peloids; trace fossil fragments

Other Grains:_
na

Matrix:
na

Cement and Replacement:
Moderate to common celestine and calcite cement; trace
dolomite

Pore Types:
Trace to minor intercrystal pores and vugs

XRD-Whole Rock Mineralogy (weight %)

Quartz 0.4 [Dolomite 2.4
Calcite 57.5|Celestine 39.7

Photo Caption:

This limestone sample is locally replaced by
celestine (Cel), which is unevenly distributed as
shown in Image A. Visible pores (blue) are trace to
minor in this sample, consisting of vugs (VG) and
intercrystal pores (IP). Fractures (Fr) are probably
unnatural and induced artificially. Peloids (Pe) are
the principal allochem grains; calcite cement (Cal;
stained reddish) mostly occurs between the
allochem grains. In addition, the XRD sample may
contain much more celestine than thin section
sample.




RESERVIIR OPTIMIZATIOR

CMS-300 CONVENTIONAL PLUG ANALYSIS

South Florida Water Management District
OSF-112
Florida

CL File Number: 201802883
Date: 9/11/18

The analytical results, opinions, or interpretations contained in this report are based upon information and material supplied by the client for whose exclusive and confidential use this
report has been made. The analytical results, opinions, or interpretations expressed represent the best judgment of Core Laboratories. Core Laboratories, however, makes no warranty
or representation, expressed or implied, of any type, and expressly disclaims same as to the productivity, proper operations, or profitableness of any oil, gas, coal, or other mineral,

property, well, or sand in connection with which such report is used or relied upon for any reason whatsoever. This report shall not be reproduced, in whole or in part, without the written
approval of Core Laboratories.



South Florida Water Management District , CL File No.: 201802883

OSF-112 ‘ Date: 9/11/18
Florida y \ Analyst(s): JDH-TW-IM
Core Lab

RESIRVIIR OPTIMIZATION

CMS-300 CONVENTIONAL PLUG ANALYSIS

Net Confining Permeability Grain
Sample Depth Stress Porosity Klinkenberg Kair b(air) Beta Alpha Density Footnote
Number (ft) (psig) (%) (md) (md) psi ft(-1) (microns) (g/cm3)
1v 632.40 800 48.01 324 359 1.71 5.49E+06 5.75E+00 2.796
2V 642.60 800 35.21 64.8 76.2 3.04 5.60E+07 1.17E+01 2.812 (3)
3V 655.20 800 45.86 19.0 25.8 6.58 8.53E+07 5.22E+00 2.799
v 661.00 800 49.09 2.98 4,78 12.35 1.51E+10 1.45E+02 2.799
5V 776.55 800 42.38 580 931 9.53 5.76E+06 1.08E+01 2.826 (3)
5H 776.80 800 40.78 1127 1342 2.92 7.55E+06 2.75E+01 2.834 (3)
6V 785.75 800 30.63 523 582 1.80 2.01E+07 3.39E+01 2.826
6H 786.00 800 31.79 1002 1274 4.20 5.33E+06 1.72E+01 2.833
7H 794.65 800 20.77 161 184 2.33 1.90E+08 9.87E+01 2.823
A% 794.70 800 23.97 77.0 86.2 2.06 3.82E+08 9.48E+01 2.841
8V 805.30 800 36.50 149 180 3.44 6.18E+07 2.98E+01 2.836
8H 805.65 800 27.73 195 243 4.05 4.54E+07 2.85E+01 2.829
9V 812.75 800 25.53 150 165 1.68 9.63E+07 4.65E+01 2.819
9H 813.00 800 20.41 90.2 101 1.96 4.27E+08 1.24E+02 2.817
v 822.30 800 35.72 96.4 116 3.37 1.45E+08 4.50E+01 2.831
10H 822.50 800 20.68 140 167 3.21 4.97E+08 2.25E+02 2.767
11v 828.15 800 3.02 .0004 .002 188.70 7.03E+16 8.81E+04 2.786
11H 828.35 800 4.16 13.9 14.2 0.34 3.80E+12 1.71E+05 2.739 (3)
12v 862.30 800 32.70 45.3 53.3 3.12 6.45E+08 9.43E+01 2.819
12H 862.60 Ambient 41.50 NA NA NA NA NA 2.809 (5)
13v 871.60 800 6.41 .002 .009 100.68 1.67E+15 1.30E+04 2.718
13H 871.61 800 5.22 .002 .007 113.40 3.31E+15 1.83E+04 2,711
14H 880.50 800 17.28 85.0 106 4.12 7.50E+08 2.06E+02 2.817
14v 880.55 800 19.18 67.3 74.9 1.93 8.70E+08 1.90E+02 2.816

Page 2




South Florida Water Management District , CL File No.: 201802883

OSF-112 _ ‘ Date: 9/11/18

Florida y \ Analyst(s): JDH-TW-IM
Core Lab

RESIRVIIR OPTIMIZATION

CMS-300 CONVENTIONAL PLUG ANALYSIS

Net Confining Permeability Grain

Sample Depth Stress Porosity Klinkenberg Kair b(air) Beta Alpha Density Footnote

Number (ft) (psig) (%) (md) (md) psi ft(-1) (microns) (g/cm3)

1v 632.40 800 48.01 324 359 1.71 5.49E+06 5.75E+00 2.796
15H 887.00 800 36.92 1206 1346 1.77 9.44E+06 3.69E+01 2.823
15V 887.05 800 34.98 884 988 1.83 1.55E+07 4.44E+01 2.818
16V 912.30 800 43.02 96.9 111 241 1.73E+07 5.43E+00 2.819
17v 945.40 800 42.09 4409 4562 0.52 6.26E+05 8.93E+00 2.822
18V 962.70 800 9.96 .024 .044 22.62 2.24E+13 1.77E+03 3.168
19v 978.70 800 28.95 113 157 6.50 1.23E+08 4.49E+01 2.842

Footnotes :

(3) : Denotes very short sample, porosity may be optimistic due to lack of conformation of boot material to plug surface.
(5) : Denotes sample unsuitable for measurement at stress. Porosity determined using Archimedes bulk volume at ambient conditions.

Permeability greater than 0.1 mD measured using helium gas. Permeability less than 0.1 mD measured using nitrogen gas. All b values converted to b (air)

Page 3
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BESIRVIIR OPTIMIZATION

APPENDIX A: EXPLANATION OF CMS-300 TERMS "b", "Beta, and "Alpha"

K, = Equivalent non-reactive liquid permeability, corrected for gas
slippage, mD
Kair = Permeability to Air, calculated using K, and b, mD
b = Klinkenberg slip factor, psi
B (Beta) = Forcheimer inertial resistance factor, ft™*
a (Alpha) = A factor equal to the product of Beta and K., This factor is employed in

determining the pore level heterogeneity index, H;.

H; = logy, (02/RQI) a, microns = 3.238E° BK,
(0] = Porosity, fraction

RQI = Reservoir Quality Index, microns

RQI = 0.0314(K/g)°®

For further information please refer to:

Jones, S.C.: "Two-Point Determination of Permeability and PV vs. Net Confining Stress" SPE Formation Evaluation (March 1988) 235-241.

Jones S.C.: "A Rapid Accurate Unsteady-State Klinkenberg Permeameter,” Soc. Pet. Eng. J. (Oct. 1972) 383-397.
Jones, S.C.: "Using the Inertial Coefficient, B, To Characterize Heterogeneity in Reservoir Rock: SPE 16949 (September 1987).

Amaefule, J.0.; Kersey, D.G.; Marschall, D.M.; Powell, J.D.; Valencia, L.E.; Keelan, D.K.: "Reservoir Description: A Practical Synergistic
Engineering and Geological Approach Based on Analysis of Core Data,: SPE Technical Conference (Oct. 1988) SPE 18167.
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CMS-300 CONVENTIONAL PLUG ANALYSIS PROTOCOL

1.0" diameter plugs were drilled with water and trimmed into right cylinders with a diamond-blade trim saw.
All sample trims were archived.

Sample Drying
Samples were oven dried at 240° F to weight equilibrium (+/- 0.001 g).

Porosity
Porosity was determined using Boyle's Law technique by measuring grain volume at ambient conditions & pore volume at indicated net confining stresses (NCS)

Grain Density
Grain density values were calculated by direct measurement of grain volume and weight on dried plug samples.

Grain volume was measured by Boyle's Law technique.

Permeability
Permeability to air was measured on each sample using unsteady-state method at indicated NCS.

Page 5



	Hydrogeologic Investigation at the S61 Locks for the Central Florida Water Initiative
	Executive Summary
	Table of Contents
	List of Tables
	List of Figures
	Acronyms and Abbreviations
	Introduction
	Project Objectives

	Exploratory Coring and Well Construction
	Stratigraphic Framework
	Holocene, Pleistocene, and Pliocene Series
	Miocene Series
	Peace River and Arcadia Formations

	Oligocene Series
	Suwannee Limestone

	Eocene Series
	Ocala Limestone
	Avon Park Formation


	Hydrogeologic Framework
	Surficial Aquifer System
	Intermediate Confining Unit
	Floridan Aquifer System
	Upper Floridan Aquifer
	UFA-upper (155 – 300 ft bls)
	OCAPlpz (300 – 429 ft bls)
	APhpz (429 – 500 and 520 – 565 ft bls)/APPZ (429 – 570 ft bls)

	Middle Confining Unit
	MCU_I (570 – 1,034 ft bls)
	MCU_II (1,034 – 1,260 ft bls)

	Lower Floridan Aquifer
	LFA-upper (1,260 – Total Depth)



	Discussion
	Site Data
	Standard Penetration Testing
	Methodology
	Penetration Resistance and Hydraulic Conductivity Results

	Packer Testing
	Methods
	Hydraulic Analysis
	Hydraulic Analysis Results and Discussion
	Water Quality and Inorganic Chemistry

	Geophysical Logging
	Laboratory Core Analysis
	Water Levels

	Literature Cited
	Appendices
	Appendix A: Well Construction Summary
	Appendix B: Well Completion Reports
	Appendix C: Lithologic Description
	Appendix D: Supporting Information for Packer Test Analysis
	Appendix E: Geophysical Logs
	Appendix F: Core Laboratory Reports


