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1. Will the main drilling contractor/consultant responsible for the surface, intermediate and
production casing/cementing programs also be responsible for setting the conductor casing?
[377.22(2)(a), F.S. and 62C-27.005, F.A.C.]

For purposes of safety oversight and planning continuity, it is important that the drilling
contractor/consultant understand not only the drilling plan, but that it be the entity responsible for
setting the conductor casing and for the surface, intermediate and production casing/cementing
programs. Yes, the main drilling contractor/consultant responsible for the surface, intermediate and
production casing/cementing programs willalso be responsible forsettingthe conductor casing. This
entityis Pollister Drilling Corp., and the chief consultant responsible is Pollister Drilling Corp.’s President,
Ed Pollister. His resume was submitted previously.

2. Please explain, based onsoils and prevailing shallow subsurface how the conductor can actually be
driven 200 feetinto the limestone without encountering refusal atashallower depth. [377.22(2)(a),
F.S.and 62C-27.005, F.A.C.]

Based on site soils and the prevailing shallow subsurface, a 30-inch .625 wall Conductor casing will
actually be driven into the limestone until refusal which is anticipated to occur at 50 - 60 ft. If refusal
does occur at 50 - 60 feet then a 17 %4-inch Pilot Hole will be drilled to 100 — 150 feet. An additional 26-
inch .625 wall Conductor casing will be driven through the pilot hole to adepth of 200 feet. There will be
additional protection measures putin place to protect the Biscayne Aquifer, the Gray Limestone Aquifer,
and the semi-confining layer by then drilling a surface casing to 1000 ft. See Attachment 2(a), Composite
USGS Technical Information and Attachment 2(b), AMEC Borings Report, which describe the subsurface
conditions. See also Attachment 2(c), Wellbore Schematic and Drilling Procedure.

3. Describe the measures that will be taken to prevent hydraulic connection between the Biscayne
Aquifer and the possible GLA during setting of the conductor. [377.22(2)(a), F.S. and 62C-27.005,
F.A.C.]

It is important to protect the Biscayne Aquifer and the Gray Limestone Aquifer from both the well
drilling activities as well as potential migration of fluids from the semi confining layer just beneath it. The
conductor casing, a 30-inch .625 wall steel pipe, will prevent the sides of the well hole from caving into
the wellbore. This 30-inch pipe will be driven to refusal which should occuraround 50 - 60 ft. If refusal
does occur at 50 - 60 feet then a 17 %-inch Pilot Hole will be drilled to 100 —- 150 feet. An additional 26-
inch .625 wall Conductor casing will be driven through the pilot hole to a depth of 200 feet. Then a 23-
inch hole will be drilled to 1000 feet. This will be below the semiconfining layer. An 18 5/8” inch 87.5# )
55 ST&C casing will be set at 1000 feet. It will be cemented with 441 sx. lead cement and 410 sx. tail
cement plus 200 sx. top off. A 17-% inch hole will be drilled to 1800 feet. A 13 3/8-inch 54.5# J 55 ST&C
casing will be setat 1800 feet. It will be cemented with 200sx. lead cementand 200 sx. tail cementplus
200 sx. top off. This casing will protect both the semi-confining layer from contamination and will also
provide an added layer of protection for the Biscayne Aquifer and the Gray Limestone Aquifer. Nothing
fromthe Well will be able to enter the semi-confining layer, and nothing from the semi-confining layer
will be able to enterthe Biscayne Aquifer orthe Gray Limestone Aquifer. See Attachment 2(c), Wellbore
Schematicand Attachment 3, Casingand Cementing Plan. In addition, alicensed professional geologist
will monitor the driving and drilling activities and will verify the bottom of the Biscayne Aquifer, the
bottom of the Gray Limestone Aquifer, and the bottom of the semi-confining layer before cementing
occurs.
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According to the wellbore diagram, the 13-3/8-inch surface casing will traverse the Biscayne Aquifer,
the GLA, the SCU, the ICU and the UFA prior to landing in acompetent confining unit below the deepest
Underground Source of Drinking Water (USDW) and above the Boulder Zone.

4. Explainthe measures that will ensure that water from the UFA will not enter the Biscayne Aquifer
by direct connection or surface spillage. [377.22(2)(a), F.S. and 62C-27.005, F.A.C.]

The casing and cementing process as developed will ensure that each aquifer is isolated. The Well is
comprised of multiple casing layers. See Attachment 2(c), Wellbore Schematic. It is important to
understand the site geology and for the driller to anticipate each aquifer and geologic formation that
will be encountered and plan accordingly. Information from the USGS documents, Attachment4(a), and
data from DEP derived from several deep wells drilled east of the oil well site, Attachment 4(b), were
reviewed in developing the drilling plan as well as the fluids plan and the cementing plan. Proper sealing
of annular spaces with cement will create a hydraulic barrier to both vertical and horizontal fluid
migration. Once the surface casingis set, the cement will be given time to cure. The wellbore will then
be drilled down tothe nextzone where the casing will be set. The casing stringisolatesthe freshwater
zones andthe groundwater fromthe inside of the Well. The surface casingisthefirst line of defense,
and each additional casing string further protects the aquifers. The cementation of the casing adds the
most value to the protection of the groundwater.

The exact depth of the base of the USDW and the characteristics of the monitorzones will be evaluat ed
by lithologicsampling at 10-footintervals, and water quality sampling during geophysical logging. The
Floridastandard of 10,000 tds will be verified by testing.

The drilling contractor will need to ensure that the drilling mud is of sufficient weight at all times to
prevent the rise of water from the Floridan Aquifer. The drilling contractor will supervise the drilling
activities and through testing will ensure mud is appropriate for the Well. It is anticipated that the
Floridan Aquifer will be encountered around 1600 to 1900 feet. The well driller will anticipate
encountering the Floridan Aquifer around 1500 feet and will be prepared to make necessary
adjustments. See Attachment 4(c), Pembroke Pines PBSJ Report.

5. How will the surface casing plan and mud/drilling fluids plan be modified if lost circulation zones
are encountered when drilling the surface casing borehole through the limestone of the UFA?
[377.22(2)(a), F.S. and 62C-27.005(1)(a), F.A.C.]

Lost circulationisanissue to planforin the drilling program. Alost circulation plan has been developed.
See Attachment 5(a). This lost circulation plan includes the procedures to be followed in case lost
circulation is encountered. All well drilling personnel will be familiarized with the plan. The surface
casing planand mud drilling fluids plan companies willbe familiar with the procedure inthe event that
lostcirculation zones are encountered when drilling the surface casing borehole through the limestone
of the UFA. The actual fluids program, as revised (Attachment5(b)) and cementing program, asrevised
(Attachment 5(c)) contracts, when executed, will contain the contingency for lost circulation, and an
additional pricing structure and delivery method will be negotiated.

The contractor will take appropriate steps to address lost circulation depending on the site-specific
circumstances encountered. Proper control of lost circulation while drilling involves keeping the well
hole full to help prevent akick, avoiding differential sticking of drill pipe, sealing off the loss zone, and
regaining circulation. The contractor may also add lost-circulation material to the drilling mud if
appropriate undersite conditions. Anticipated actions and materials are includedin the lost circulation
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plan.

Refer to the attached Equipment Layout Sheet C-2.03 provided in the Application Update submitted
June 15, 2016.

6. Please reconcile the dimension given on the left side of 100 feet and the dimension of 223.3 feet
given on the right side (for a clearly smaller distance). Resubmit this sheet after clearing up this
discrepancy.

Please see the revised Sheet C-2.03, included as Attachment 6.

In addition, Kanter has revised the synopsis of its application materials toreflectissues raised in this
Requestfor Additional Information. The revised application synopsisisincluded as Attachment 7.
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Attachment 2(a) Composite USGS Technical Information

Received by Florida DEP 8/18/2016



7/22/2016

Geologic units in Broward county, Florida

USGS

science for a changing world

Mineral Resources On-Line Spatial Data

Mineral Resources > Online Spatial Data > Geology > by state > Florida Geology

Geologic units in Broward county, Florida

Shelly sediments of Plio-Pleistocene age (Pliocene/Pleistocene) at surface, covers < 0.1 %
of this area

Shelly sediments of Plio-Pleistocene age - Tertiary-Quaternary Fossiliferous Sediments of
Southern Florida - Molluskbearing sediments of southern Florida contain some of the most
abundant and diverse fossil faunas in the world. The origin of these accumulations of fossil
mollusks is imprecisely known (Allmon, 1992). The shell beds have attracted much attention
due to the abundance and preservation of the fossils but the biostratigraphy and
lithostratigraphy of the units has not been well defined (Scott, 1992). Scott and Wingard (1995)
discussed the problems associated with biostratigraphy and lithostratigraphy of the Plio-
Pleistocene in southern Florida. These "formations" are biostratigraphic units. The "formations"
previously recognized within the latest Tertiary-Quaternary section of southern Florida include
the latest Pliocene - early Pleistocene Caloosahatchee Formation, the early Pleistocene Bermont
formation (informal) and the late Pleistocene Fort Thompson Formation. This section consists of
fossiliferous sands and carbonates. The identification of these units is problematic unless the
significant molluscan species are recognized. Often exposures are not extensive enough to
facilitate the collection of representative faunal samples to properly discern the biostratigraphic
identification of the formation. In an attempt to alleviate the inherent problems in the
biostratigraphic recognition of lithostratigraphic units, Scott (1992) suggested grouping the
latest Pliocene through late Pleistocene Caloosahatchee, Bermont and Fort Thompson Formations
in to a single lithostratigraphic entity, the Okeechobee formation (informal). In mapping the
shelly sands and carbonates, a generalized grouping as Tertiary-Quaternary shell units (TQsu)
was utilized. This is equivalent to the informal Okeechobee formation. The distribution of the
Caloosahatchee and Fort Thompson Formation are shown on previous geologic maps by Cooke
(1945), Vernon and Puri (1964) and Brooks (1982). The Nashua Formation occurs within the
Pliocene - Pleistocene in northern Florida. However, it crops out or is near the surface is an area
too small to be shown on a map of this scale. Lithologically these sediments are complex,
varying from unconsolidated, variably calcareous and fossiliferous quartz sands to well
indurated, sandy, fossiliferous limestones (both marine and freshwater). Clayey sands and
sandy clays are present. These sediments form part of the surficial aquifer system

Lithology: limestone; sand; clay or mud

Anastasia Formation (Pleistocene) at surface, covers < 0.1 % of this area

Anastasia Formation - The Atlantic Coastal Ridge is underlain by the Anastasia Formation from
St. Johns County southward to Palm Beach County. Excellent exposures occur in Flagler County
in Washington Oaks State Park, in Martin County at the House of Refuge on Hutchinson Island
and at Blowing Rocks in Palm Beach County. An impressive exposure of Anastasia Formation
sediments occurs along Country Club Road in Palm Beach County (Lovejoy, 1992). The Anastasia
Formation generally is recognized near the coast but extends inland as much as 20 miles (32
kilometers) in St. Lucie and Martin Counties. The Anastasia Formation, named by Sellards
(1912),is composed of interbedded sands and coquinoid limestones. The most recognized facies
of the Anastasia sediments is an orangish brown, unindurated to moderately indurated, coquina
of whole and fragmented mollusk shells in a matrix of sand often cemented by sparry calcite.
Sands occur as light gray to tan and orangish brown, unconsolidated to moderately indurated,
unfossiliferous to very fossiliferous beds. The Anastasia Formation forms part of the surficial
aquifer system.

Lithology: calcarenite; sand; limestone

Miami Limestone (Pleistocene) at surface, covers < 0.1 % of this area
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Geologic units in Broward county, Florida

Miami Limestone - The Miami Limestone (formerly the Miami Oolite), named by Sanford (1909),
occurs at or near the surface in southeastern peninsular Florida from Palm Beach County to
Dade and Monroe Counties. It forms the Atlantic Coastal Ridge and extends beneath the
Everglades where it is commonly covered by thin organic and freshwater sediments. The Miami
Limestone occurs on the mainland and in the southern Florida Keys from Big Pine Key to the
Marquesas Keys. From Big Pine Key to the mainland, the Miami Limestone is replaced by the
Key Largo Limestone. To the north, in Palm Beach County, the Miami Limestone grades laterally
northward into the Anastasia Formation. The Miami Limestone consists of two facies, an oolitic
facies and a bryozoan facies (Hoffmeister et al. [1967]). The oolitic facies consists of white to
orangish gray, poorly to moderately indurated, sandy, oolitic limestone (grainstone) with
scattered concentrations of fossils. The bryozoan facies consists of white to orangish gray,
poorly to well indurated, sandy, fossiliferous limestone (grainstone and packstone). Beds of
quartz sand are also present as unindurated sediments and indurated limey sandstones. Fossils
present include mollusks, bryozoans, and corals. Molds and casts of fossils are common. The
highly porous and permeable Miami Limestone forms much of the Biscayne Aquifer of the
surficial aquifer system.

Lithology: limestone; sandstone; sand

U.S. Department of the Interior | U.S. Geological Survey

URL: http://mrdata.usgs.gov/geology/state/fips-unit.php?code=f12011
Page Contact Information: pschweitzer@usgs.gov

Page Last modified: 15:25 on 20-Nov-2014
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Attachment 2(b) AMEC Borings Report
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May 15, 2014

Ms. Carol Howard

The Carol Group, Inc.

712 Sunset Pointe Drive
Lake Placid, Florida 33852

SUBJECT: EXPLORATORY DUE-DILIGENCE DRILLING PROGRAM
Kantor Property
Sections 11, 14 and 22; Township 51S; Range 38E
Broward County, Florida

Dear Ms. Howard:

AMEC Environment & Infrastructure, Inc. (AMEC) was contracted by The Carol Group, Inc.
on February 4, 2014 to conduct a due-diligence drilling program on a portion of the Kantor
Properties located within Sections 11, 14, and 22; Township 51S; and, Range 38E in
Broward County, Florida (Figures 1 and 2). The purpose of the program is to evaluate the
potential for producing marketable quality limestone from the site.

LOCATION AND SETTING

The subject site is located within the central portion of the Florida Everglades which is a
subtropical coastal wetland that extends 160 km from Lake Okeechobee to Florida Bay in
southeastern Florida. A system of canals and levees were constructed to control surface
water flow and completely compartmentalized the central everglades into a series of
enclosed basins called Water Conservation Areas (WCAs). The subject site is located
entirely within WCA-3A and the South Florida Water Management District levee systems
L-67A, L-67B, and L-67C.

GEOLOGIC OVERVIEW

The geologic setting at the subject property includes a surficial layer of peat/muck and fresh
water marl/sand of Holocene Age. This is underlain by the Fort Thompson Formation of
Pleistocene Age which is comprised of alternating layers of marine, brackish and fresh-water
marl, limestone and sandstone, and the Tamiami Formation of Miocene Age which consists
of light gray to tan, fossiliferous sands, light gray to green, fossiliferous sandy clays and
clayey sands, and white to light gray, poorly consolidated, sandy, fossiliferous limestone.
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DRILLING INVESTIGATION

AMEC conducted a drilling program on April 16 through 18, 2014 to determine the presence
of marketable-grade limestone at the subject site. The Carol Group Inc. obtained General
Permit No. 14283 on March 4, 2014 to construct exploratory borings at 12 potential drill
locations on the levee system managed by the South Florida Water Management District
(Appendix A). Six borings were constructed by Cascade Drilling to depths ranging from 87
to 107 feet below land surface (BLS) at drill locations 1, 3, 5, 7, 9, and 11 utilizing sonic
drilling technology (Figure 3). The drill locations were chosen to provide results from a broad
areal extent of the property that was accessible with drill rig.

Drill Locations

DL #1: Latitude — 26° 0’ 57.33" (26.01592481), Longitude — 80° 30’ 23.29” (80.50646892)

DL #3: Latitude — 26° 0’ 15.33" (26.00425881), Longitude — 80° 30’ 55.20” (80.51533157)

DL #5: Latitude — 25° 59’ 34.88” (25.99302295), Longitude — 80° 31’ 25.33" (80.52370227)
DL #7: Latitude — 25° 58’ 53.97” (25.98165757), Longitude — 80° 31’ 56.86” (80.53246193)
DL #9: Latitude — 26° 0’ 30.86" (26.00857265), Longitude — 80° 30’ 27.92” (80.50775616)

DL #11: Latitude — 25° 58’ 52.77” (25.98132445), Longitude — 80° 30’ 36.54” (80.51014995)
The borings were initially constructed with a four-inch-diameter core barrel that was
advanced at 10-foot increments, followed by a six-inch-diameter outer casing advanced to
the same depth to keep the borehole open and to ensure there is ho sample contamination
from the shallower material. Each boring was then pressure grouted with an injection pipe
subsequent to completion with a mixture of Portland cement and bentonite powder. The
outer casing was then retrieved to approximately 3 feet above top of rock and the grout

injection pipe removed. The overburden portion of the boring was grouted with the same
mixture through a tremie pipe inserted to approximately 3 feet below top of rock.

Drill location 1 was initially constructed to a depth of 107 feet BLS to determine the vertical
extent of limestone. Subsequent drill locations 3, 5, 7, 9, and 11 were constructed from 87 to
97 feet BLS since contiguous limestone was not encountered below a depth of approximately
80 to 90 feet below grade. The depth to rock and total depth of each drill location are detailed
below.

Boring Data:

DL #1: Total Depth = 107 feet, Top of Rock = 15 feet BLS
DL #3: Total Depth = 97 feet, Top of Rock = 15 feet BLS
DL #5: Total Depth = 87 feet, Top of Rock = 15 feet BLS
DL #7: Total Depth = 87 feet, Top of Rock = 15 feet BLS
DL #9: Total Depth = 87 feet, Top of Rock = 12 feet BLS
DL #11: Total Depth = 87 feet, Top of Rock = 15 feet BLS
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Four-inch-diameter core samples were collected into plastic sleeves during boring
construction at 10-foot depth intervals and placed in wooden core boxes for logging and
subsequent laboratory analysis. The core samples were inspected by an on-site AMEC
Professional Geologist for color, rock/soil type, structure, hardness, and clay content and
geologic logs prepared for each drill location (Appendix B).

The lithology generally consisted of overburden material associated with construction of the
levees from land surface to 10 feet BLS; black peat/muck and sandy marl from 10 to 15 feet
BLS; light gray, moderately dense, oolitic, fossiliferous limestone from 15 to 20 feet BLS;
and, light gray, massive, fossiliferous limestone from 20 to 75 feet BLS with intermittent silty
sand layers at 40 and 65 feet BLS that comprise the Fort Thompson Formation, and
interbedded greenish gray, sandy clay with abundant shells and gray, very dense,
fossiliferous limestone to the depth of the borings which comprise the Tamiami Formation.

The entire extent of the limestone strata were below the surficial water table and due to the
high transmissivity of the limestone units, yielded extremely wet core samples. As a result,
the laboratory results may lower the recovery and quality values. Thus, the actual field
results (operation) should produce higher values than the laboratory results.

LABORATORY ANALYTICAL RESULTS

Limestone samples were collected at varying depths from each boring for laboratory analysis
of bulk specific gravity and moisture content to determine the limerock bearing ratio (LBR)
and the suitability for FDOT road base and construction materials. The laboratory samples
from each core boring were prepared by blending the upper 10 feet, middle, and bottom 10
feet of limestone material, which yielded a composite value for the entire strata. The results
are included in the table below:

TABLE-1: Summary of Limestone Quality

. FDOT
. Carbonate | CaCO3 !:[.)OT Maximum Optllmum Minimum
Drill Minimum . Moisture
. Content | Content e Density LBR LBR
Location o o Specification Content it s
(%) (%) o (PCF) o Specification
(%) (%) %)
DL-1 59.1 51.1 70% 129.2 7 100 100
DL-3 61.7 56.2 70% 128.9 6.5 150 100
DL-5 64.5 61.3 70% 131.2 9.2 123 100
DL-7 79.8 72.0 70% 129.6 7.6 110 100
DL-9 72.7 68.3 70% 129.6 8.2 110 100
DL-11 0
(0-37 f1) 76 0 70% 132.8 7.8 94 100
DL-11 73.4 66.5 70% 127.4 5.5 65 100
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TABLE 2: Summary of Specific Gravity Testing

Drill Location Bg':;?irt’;C sg?asiFt);c Appgl;zr\ll:tspec Absorption (%)
DL-1 1.66 1.98 2.44 19
DL-3 1.86 2.1 2.44 13
DL-5 1.72 2.01 2.41 17
DL-7 1.81 1.95 2.1 7
DL-9 1.86 2.09 2.43 13
DL-11 1.97 2.14 2.39 9

The results indicate that five of the six samples passed the FDOT requirements for road base
material. The sixth boring (D-11) failed the proctor test for LBR; however, it is believed that
based on the moisture content, specific gravity and overall appearance of the sample, this
boring would also pass FDOT roadbase requirements. To further verify this, a sample from
D-11 was prepared consisting of only the upper 37 feet of limestone material. The results
showed a marked improvement in LBR value, thus indicating the boring would pass FDOT
LBR as mined with the surrounding area. Typically, better results are ascertained from open
pit testing (bulk) than core sampling due primarily to minimizing the percent fines
encountered in coring and some effect of washing the sample during excavation.
Furthermore, this more accurately represents the actual mining conditions and typically
yields better overall results.

In addition, samples from each boring were submitted for laboratory analysis of calcium
carbonate in an effort to determine limestone quality and potential for cross marketing
additional products (Appendix B). The analytical results indicated that the limestone is of
sufficient quality for multiple products such as cement kiln feed, agricultural lime, and water
treatment pond neutralization.

CONCLUSIONS

The drilling and sampling results revealed that the limestone encountered on the subject site
does meet the FDOT requirements for roadbase material. It is also believed that this material
would be suitable to meet FDOT specifications for aggregate, although it is uncertain at this
point what the specific yield would be on the site in reference to available aggregate material.
A bulk test pit would be required to quantify the specific aggregate yield on the subject
property. The average thickness of limestone within the tested area is approximately 70 +/-
feet, thus yielding a potential gross tonnage per acre (100% insitu) in excess of 140,000
tons. This tonnage may, however, be impacted by local mining constraints and permitting
requirements.
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Should you have any questions or require additional information, please do not hesitate to
contact me at (813) 636-1524.

Sincerely,
AMEC Environment & Infrastructure, Inc.

Gary E. Kihn, PG
Senior Geologist

Dennis Kenney, PG, CPG
Environmental Manager

GK/DK/slk
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APPENDIX B
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Attachment 2(c) Wellbore Schematic and Revised Drilling Procedure
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F il J] N N T Ok 30”Cond. @ 50
ft.

26” Cond. @
200 ft.

18 5/8”
Surf.@1000ft

13 3/8”

Fi i Surf.@1800ft

95/8” Int.@
3800ft.

7”or 5 %” Prod.
@ 11,800ft.
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Permit# 1366
Kanter Sunniland 23-2
Century Oil Co., Inc.
Drilling Procedure
Broward County, Florida

Revised 8/4/16
DRILLING PROCEDURE

MIRU PDC Rig #3

NU on 30” conductor pipe.

Drill 17 '5” pilot hole to 100 ft.

Drive 26” .625 wall conductor to 200 ft.

Drill 23” hole to 1000 ft. TOH Run 18 5/8” 87.5#/ft. J55 casing. Cement to surf. Per
recommendation. WOC 8§ Hours.

6. Drill with 17 /2” rock bit, 97 drill collars, 6” drill collars, and 4 1/2” HWDP. Drill
down to 1800’ while running both pumps @ 95 spm for a combined flow rate of 600 to
800 gpm. Weight on bit from 5k-25k at a rotary speed of 60-100 rpm.

7. At 1800’ sweep hole and circulate clean. POOH Run USDW log. Trip back in

to 1800°. Circulate & condition mud at POOH.

8. RU casing crew, tools & stabbing board. PU and run Float shoe, one joint of 13 3/8”,
54.5# J55 BT&C of casing, Float Collar, and 13 3/8”, 54.5# J55 BT&C casing down to
1800°. Note: centralize w/bow springs 6’ above FS, and one per joint latched over the
next three casing collars.

9. Circulate & condition mud for 1 2 casing volumes. Mix & pump cement per
recommendation. Pump LEAD cement until cement is seen at surface and immediately
switch over to TAIL cement. Displace TAIL cement with fresh water. Note: When
cement gets to surface divert cement to open top tank.

10.After displacement, Top Off annulus with 50sx. of TAIL cement. If cement falls or
fails to circulate, notify FDEP in Fort Myers.

11.Make rough cut/final cut on conductor & casing. Weld on 13 3/8” SOW x 13 3/8” 3M
C-22 wellhead. Test well head to 1000%#.

12.NU Annular BOP. Test annular preventer to 1000# (High)/200#(Low). Test all

floor valves, IBOP, & mud lines back to mud pumps to 3000# (High)/250#(Low).

13. RIH w/ 12 %4 bit and slick BHA to top of cement.

14. Pressure test casing to 1000#. Drill out float collar, cement, and float shoe.

15. Drill new hole from 1800 — 2100’ with both pumps for a combined flowrate of 500-
800 gpm. Vary bit weight from 5k-35k at a rotary speed of 80 rpm. POOH for button bit
to drill Boulder Zone cap & Boulder Zone.

16. RIH w 12 %4 button bit drill though Boulder Zone (2100°-3500") with lost returns.
Take surveys every 500°.

17. POOH& LD 9” D.C.

18. RU casing crew with tools & stabbing board. RIH w/FS, 1 jt. 9 5/8” 47#,

L-80 of casing, FC, & 9 5/8” 47#, L-80 casing down to 3800°.

19. RU cement crew, cement plug container, & iron. Mix & pump cement per
recommendation. Reciprocate to casing 15” and displace cement with mud. Bump plug
500# over differential pressure. Bleed back to check floats. RD cementers.

S A

Received by Florida DEP 8/18/2016



20. ND flowlines & turn buckles. RU stack lift. Break bolts (@ wellhead & spacer spool.
Pick up BOP’s & set casing slips. Make rough cut on casing & remove spacer spool &
DSA. Make final cut on casing & NU 13 5/8”, 3M x 117, 5M, C-22 casing spool. Finish
NU “B” section. Set BOP’s & RD stack lit. NU BOP’s.

21. Test “B” section flange & pack off to 2000#. Test all rams, choke manifold, &
related valves to 3000# (High)/250# (Low). Test annular preventer to 1000# (High)/250#
(Low). Test all floor valves, IBOP, & mud lines back to mud pumps to 3000#(High)
1250# (Low).

22. RIH w/8 2" PDC bit, 6” DC;s, & 5” DP’s down to top of cement. Test casing to
1500#. Drill out FC, cement, & FS. Drill 10’ of new hole & circulate bottoms up until
clean. Test casing shoe to 10.5# EMW.

23. Drill down through Sunniland. Take surveys every 500°. Make frequent wiper trips
every 30 hrs or however the hole dictates. Drill to 11,800’ (TD) & POOH.

24. RU Well Loggers & RIH and log well per Geologist recommendations.

25. Upon evaluation, either run production casing and cement or P&A as per FDEP.

26. RD & Move out.
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Attachment 3 Casing and Cementing Plan
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Kanter 23-2 Casing and Cementing Details

Rev. 8/5/16

30”7 .625 wall Conductor driven to 200 ft. or refusal, anticipate refusal @ 50-60 ft.

17 1/2” Pilot hole drilled to 100-150 ft.
26” .625 wall Conductor driven to 200 ft. through pilot hole

23” Hole drilled to 1000 ft.
18 5/8” 87.5#J 55 ST&C casing set @ 1000 ft.

Cemented with 441 sx. Lead cem. & 410 sx. Tail cem. + 200 sx. top off

17 1/2” Hole drilled to 1800 ft.
13 3/8” 54.5# J 55 ST&C casing set @ 1800 ft.

Cemented with 200 sx. Lead cem. & 200 sx. Tail cem. + 200 sx. top off

12 1/4” Hole drilled to 3800 ft.
95/8” 47# L 80 LT&C casing set @ 3800 fi.
Cemented with 200 sx. Lead cem. & 200 sx. Tail ce m.

8 1/2” Hole drilled to 11,800 ft. (TD)

51/2” 17# L 80 LT&C or 7” 29# L 80 LT&C casing run to 11,800 ft.
Cemented with 150 sx. Lead cem. & 400 sx. Tail cem.
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Attachment 4(a) USGS Documents
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Assessment of Undiscovered 0il and Gas
in the Onshore and State Waters Portion
of the South Florida Basin, Florida—

USGS Province 50

By Richard M. Pollastro, Christopher J. Schenk, and Ronald R. Charpentier

Abstract

Low-gravity, high-sulfur oils are produced from the
Lower Cretaceous Sunniland Formation in 10 active fields in
the South Florida Basin, Florida. Cumulative production in
these 10 fields through 1997 was greater than 106 million
barrels of oil (MMBO). Oil is sourced mainly from cyclic,
organic-rich carbonate units within the Sunniland Formation
and was probably generated at low thermal maturity because
of the nature of the marine algal kerogen. Interbedded, porous
shelf limestones and dolomites form the primary reservoirs,
and cyclic evaporites throughout the section provide excellent
seals. At depths in excess of 15,000 ft, two wells along the
Sunniland trend have recorded gas and condensate shows and
provide evidence for gas potential in the Upper Jurassic(?) and
Lower Cretaceous Wood River Formation.

Two stacked total petroleum systems, each with a single
assessment unit, are recognized for the South Florida Basin.
The two petroleum systems are separated stratigraphically by
a major regional evaporite seal, the Lower Cretaceous Punta
Gorda Anhydrite. The younger petroleum system and cor-
responding assessment unit above the Punta Gorda seal is
designated as the South Florida Basin Sunniland-Dollar Bay
total petroleum system (TPS) and Lower Cretaceous Shoal-
Reef QOil assessment unit (AU). The second system below
the regional anhydrite seal is the South Florida Basin Pre-
Punta Gorda TPS and Pre-Punta Gorda Dolomite Gas and Oil
hypothetical AU. The two assessment units are correlative to
the oil and gas plays defined for the 1995 USGS assessment
(Gautier and others, 1995).

Offshore, in the basin’s depocenter, source rocks of the
Sunniland-Dollar Bay TPS generated low-gravity oils during
the Paleocene-Eocene and are presently in the main oil gen-
eration window; onshore, however, modeling indicates that
organic matter in beds of the Sunniland Formation have gener-
ated and expelled only 20 percent of the oil. In the onshore
and offshore State waters of the South Florida Basin, the mean
total undiscovered volume of petroleum resource in the Lower

Cretaceous Shoal-Reef Oil AU is estimated at 279 million
barrels of oil equivalent (MMBOE), of which 272 MMBO is
oil in oil fields. In contrast, nonassociated gas comprises 258
MMBOE (1,545 billion cubic feet of gas or BCFG) of the 423
MMBOE of mean undiscovered resource volume estimated for
the Pre-Punta Gorda Dolomite Gas and Oil hypothetical AU of
the Pre-Punta Gorda TPS. The geology and field-size distribu-
tions of plays of the Upper Jurassic Smackover Formation
were used as analogs for evaluating the hypothetical Pre-Punta
Gorda AU. Undiscovered gas volume of the Pre-Punta Gorda
Dolomite Gas and Oil hypothetical AU is attributed mainly

to deep dolomite, and possible pinch-out, basal clastic res-
ervoirs within the Upper Jurassic(?) and Lower Cretaceous
Wood River Formation that were sourced by intraformational,
organic-rich carbonate beds.

Introduction

In 1995, the USGS completed an assessment of undiscov-
ered oil and gas resources for onshore portions and State
waters of the United States (Gautier and others, 1995). As
part of the 1995 USGS National Qil and Gas Assessment,

a geologic play-level assessment was completed for USGS
petroleum Province 50, the Florida Peninsula Province (Pol-
lastro, 1995; Pollastro and Viger, 1998). Subsequently in 2000,
the USGS performed an objective, geologic-based assessment
of undiscovered oil and gas in the Florida Peninsula Province
(USGS Province 50) that incorporated a different geological
approach, referred to as the total-petroleum-system-assess-
ment-unit method 2000 (Klett and others, 1997; U.S. Geologi-
cal Survey World Energy Assessment Team, 2000), rather than
the assessment by play used by the USGS in 1995 (Gautier
and others, 1995). The total-petroleum-system-assessment-unit
approach is an accepted, effective, proven method used in

the recently released U.S. Geological Survey World Petroleum
Assessment 2000 compared to the play-level approach because
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2 Petroleum Systems and Assessment of the South Florida Basin

the assessment unit may also represent a play or group of
plays. The advantage of the petroleum system approach is that
it incorporates the unit of assessment within the higher level
context of the total petroleum system. This allows for a much
better understanding of the essential elements and processes
within the petroleum system that relate to source, generation,
migration, accumulation, and trapping of the undiscovered
petroleum resource(s). It is the purpose of this report to assess
the undiscovered oil and gas resources in the South Florida
Basin, USGS Province 50, over a forecast period of 30 years
using the best geological information and scientific theory
available to the USGS; however, the USGS did not have access
to seismic survey data for the South Florida Basin.

Geologic and Petroleum
Production Overview

The South Florida Basin is a structurally simple basin
containing a thickness of 25,000 ft or more of sediment and
is the area of greatest petroleum potential in the Florida Pen-
insula Province. The depocenter of the basin apparently lies
northwest of the Florida Keys under present-day Florida Bay.
The basin is bounded by large-scale, positive structural ele-
ments, the most prominent being the Peninsular arch (fig. 1).
The Peninsular arch is a crystalline basement high of Paleozoic
age plunging south-southeast along the axis of the Florida
Peninsula that delineates part of the north-northeast boundary
of the South Florida Basin. The Peninsular arch controlled the
deposition of Jurassic and Cretaceous sediments that onlap and
wedge or pinch out against the arch (fig. 2).

Other major positive structural elements include the Flor-
ida escarpment in the offshore Gulf of Mexico, which sepa-
rates the Florida Shelf from the deep Gulf Basin. The Florida
escarpment represents a major barrier reef complex of con-
tinual reef growth from the Cretaceous to Holocene. A third
major structural element that defines the South Florida Basin
is the Tampa-Sarasota arch, a 150-mi-long, basement-involved,
northeast-southwest-trending feature that extends from west-
central Florida onshore to the Gulf offshore approaching the
Florida escarpment. Smaller positive structural elements that
directly influenced the type and distribution of carbonate depo-
sitional facies within the South Florida Basin are the Pine Key
arch and Largo high to the south, and the Lee-Collier swell,
Charlotte high, and 40 Mile Bend high in the more central part
of the basin (fig. 1 and fig. 4).

Sedimentation in the South Florida Basin kept pace with
subsidence, producing nearly continuous carbonate-evaporite
deposition from the Jurassic(?) to the present (fig. 3). The earli-
est sediments are Late Jurassic(?)-age marginal clastics, pos-
sibly of continental origin (Applin and Applin, 1965); these
basal clastics are underlain by Jurassic basement volcanics, most
of rhyolitic composition (Barnett, 1975). Onshore, and along
the “Sunniland trend” where the Upper Sunniland produces

at depths of about 11,500 ft, the sedimentary section is about
15,000 to 17,000 ft thick and consists of about 7,000 to 9,000
ft of Late Jurassic- through Early Cretaceous-age rocks, 3,000
ft of Late Cretaceous-age rocks, and 5,500 ft of Tertiary age
rocks (fig. 3).

The South Florida Basin covers some 80,000 mi? and
incorporates the southernmost one-third or more of the pen-
insula of Florida including the Florida Keys and the eastern-
most Gulf of Mexico. The basin generally has a low (1.0°
to 1.2°F/100 ft) geothermal gradient; however, the gradient of
some onshore oil fields may reach 1.5°F/100 ft (Reel and Grif-
fin, 1971). Onshore, the basin exhibits only subtle structures
with no major faults or vertical fractures identified to date.
However, more complex structural elements, including base-
ment fault blocks, are believed to exist in the offshore part
of the basin, particularly within the uppermost Jurassic and
lowest Cretaceous part of the stratigraphic section shown by
Faulkner and Applegate (1986). The presence of major fault
systems and large structural features could provide pathways
for hydrocarbon migration and increase the potential for large
accumulations offshore. Moreover, if similar structural fea-
tures extend into the onshore and State waters portion of
south Florida, a greater potential for additional, and perhaps
larger, accumulations than were previously interpreted may
be expected in the lower part of the stratigraphic section and
corresponding assessment unit.

All commercial oil production in the South Florida Basin
is from the Lower Cretaceous Sunniland Formation. A total of
14 Sunniland oil fields (10 active and 4 abandoned or shut in)
are located in Lee, Hendry, Collier, and Dade Counties (fig. 4).
Cumulative production in the 10 presently active fields through
1997 was greater than 106 million barrels of oil (MMBO)
(table 1).

The first Sunniland oil field discovery was the Sunniland
field in 1943; the largest field is West Felda field, discovered
in 1966, with total production through 1997 of more than 44
million barrels of oil (MMBO) (table 1). Although no new
exploration wells have been drilled in the South Florida Basin
within the last decade, a total of five single horizontal legs
have been added to preexisting vertical wells within Bear
Island and Racoon Point fields, resulting in increased total pro-
duction for both fields (Ed Garrett, Florida Geological Survey,
written commun., 2000).

Comparison of 2000 South Florida
Basin Total-Petroleum-System
Assessment to the 1995 USGS
National Oil and Gas

Play-Based Assessment

The 1995 USGS National Qil and Gas Assessment (1995
USGS assessment) of technically recoverable, undiscovered
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Table 1. Cumulative (CUM) oil and gas produced from active south
Florida Sunniland fields through 1997.

[MBO, thousand barrels of oil, MMCFG, million cubic feet of gas. Data from
0il and Gas Section, Florida Geological Survey (Ed Garrett, Florida Geological
Survey, 2000, written commun.)]

SOUTH FLORIDA CUM OIL CUM GAS

SUNNILAND FIELDS (MBO) (MMCFG)
Sunniland 18,447 1,825
Sunoco Felda 11,598 982
West Felda 44,163 3,474
Lake Trafford 280 0
Bear Island 11,622 969
Lehigh Park 5,568 o7l
Mid-Felda 1,513 10
Racoon Point 11,610 1,430
Townsend Canal 535 0
Corkscrew 1,065 0
Total 106,401 9,261

oil and gas resources in U.S. onshore and State waters (Gautier
and others, 1995) was based on the best geologic information
and theory available to the USGS at that time. Assessments

of undiscovered oil and gas by the USGS are based largely
upon published and commercially available data. Seven major
data sources were used in the 1995 USGS assessment, and
updates of these sources, where possible, were used in the
present assessment. These data sources include both published
and unpublished USGS data; Significant Oil and Gas Fields

of the United States database commercially available from
NRG Associates, Inc. (NRG); the Well History Control System
(WHCS) database commercially available from IHS Energy
Group, Denver, Colo.; production and other data from the lit-
erature; State records; proprietary company reports; and other
data obtained by USGS geologists. In addition, it should be
particularly noted that this petroleum system assessment of
the South Florida Basin was not based on seismic prospect
evaluation because seismic survey data were not available to
the USGS.

The hydrocarbon play served as the basic unit of assess-
ment for the 1995 USGS assessment. Six conventional plays
were defined for Province 50, the Florida Peninsula Province,
and within the South Florida Basin (Pollastro, 1995; Pollastro
and Viger, 1998). A play consists of a group of geologically
related petroleum accumulations. Particular emphasis in play
analysis is placed on similarities of the rocks in which the
accumulations occur (Schmoker and Klett, 2000). Two of the
six plays defined in the 1995 USGS assessment of the South
Florida Basin are confirmed, or proven, plays: the Upper Sun-
niland Tidal Shoal Qil play (1995 USGS assessment code
5001) and Lower Sunniland Fractured Dark Carbonate Oil
play (5002) (Pollastro, 1995; Pollastro and Viger, 1998). The
remaining four plays were hypothetical: the Dollar Bay Shoal-

Reef Dolomite Oil play (5003), Lower Cretaceous Carbonate
Composite Oil play (5004), Extended Upper Sunniland Tidal
Shoal Oil play (5005), and Wood River Dolomite Deep Gas
play (5006). All plays other than the Wood River Dolomite
Deep gas play (5006) were assessed in the 1995 USGS assess-
ment. At the time of the 1995 USGS assessment, Play 5006
was assigned a combined low probability, based on charge,
reservoir, trap and seal that was below the required probability
for quantitative assessment (Pollastro, 1995).

For the present analysis of Florida Peninsula Province
and the South Florida Basin, we applied a different approach
in defining the basic level of assessment of domestic undiscov-
ered oil and gas. Here we use subdivisions of the total petro-
leum system (TPS), termed assessment units (AU’s), a method
used and described in the USGS World Petroleum Assessment
2000 (Magoon and Schmoker, 2000). A TPS might equate
to a single AU, or, if necessary to achieve homogeneity with
respect to geology or discovery history, it might be subdivided
into two or more assessment units. An assessment unit is thus a
mappable volume of rock sharing similar geologic traits within
the TPS (Schmoker and Klett, 2000). Therefore, an assessment
unit may actually define a play or may constitute a specific
group of plays within the TPS.

In the 2000 USGS total-petroleum-system assessment of
the South Florida Basin, two stacked petroleum systems, each
with a single assessment unit, are designated for the South
Florida Basin. The two TPS’s are represented in the strati-
graphic section of figure 3. The two TPS’s are separated strati-
graphically by a major regional evaporite seal, the Lower
Cretaceous Punta Gorda Anhydrite. The younger TPS assess-
ment unit is designated as the South Florida Basin Sunni-
land-Dollar Bay TPS (USGS code 505001) and corresponding
Lower Cretaceous Shoal-Reef Oil assessment unit (50500101).
The second and older total petroleum system is the South Flor-
ida Basin Pre-Punta Gorda TPS (505002) and corresponding
Pre-Punta Gorda Dolomite Gas and Oil hypothetical assess-
ment unit (50500201). The two assessment units are correlat-
able to the plays defined for the 1995 USGS assessment (Pol-
lastro, 1995), which are also shown in figure 3. The Lower
Cretaceous Shoal-Reef Oil AU corresponds to 1995 USGS
assessment plays 5001, 5002, 5003, and 5005. Similarly, the
Pre-Punta Gorda Dolomite Gas and Oil hypothetical AU cor-
responds to plays 5004 and 5006.

Total-Petroleum-System Elements
of the South Florida Basin

The total petroleum system is comprised of four critical
elements: source, reservoir, seal, and trap. In the petroleum-
producing formations of south Florida, most traps are strati-
graphic in nature; however, deposition of the reservoir facies
was controlled, in part, by basement relief. Specific units iden-
tified as a critical rock-unit element(s) of the petroleum system
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8 Petroleum Systems and Assessment of the South Florida Basin

are shown in figure 3. Formations or units having potential for
petroleum generation and accumulation in the South Florida
Basin range in age from Late Jurassic(?) through Early Creta-
ceous and are also identified in the stratigraphic column of
figure 3. The youngest rocks identified as having potential for
petroleum generation and accumulation are within the Lower
Cretaceous Dollar Bay Formation of the Big Cypress Group,
and the oldest are of Late Jurassic(?) age immediately overly-
ing basement rocks.

Source rocks of the South Florida Basin are mainly
fine-grained, organic-rich carbonates; these source rocks may
occur as thick, dark-colored units or as multiple thin, dark
laminated beds within one formation or member. Source rocks
are commonly beds within the same formation as the produc-
ing reservoir(s). Oils of the South Florida Basin can be classi-
fied as one “superfamily” of oil and commonly contain high
(2—4 percent) sulfur. In a recent detailed study, however, J.G.
Palacas (oral commun., 2000) identified four distinctive strati-
graphic oil sub-types (not to be confused with organic matter
kerogen types) from oils collected from field production and
from oil shows in wells throughout the South Florida Basin.
These oil sub-types were designated as Dollar Bay sub-type
(A), Lake Trafford sub-type (B), Sunniland sub-type (C), and
Wood River sub-type (D) and were probably derived from
slightly different organic facies (fig. 3). Sub-type A, Dollar
Bay oil, is the least mature oil, averaging about 17° API grav-
ity. Sub-type C, Sunniland oils, average about 26° API gravity,
and mature condensate of sub-type D, Wood River oil, is about
52° API gravity.

Reservoir rocks of the South Florida Basin total petro-
leum systems are mainly porous carbonate grainstones and
dolomites; however, a potential for gas in pinch-outs of deep,
Upper Jurassic basal clastics must also be considered. Grain-
stone reservoirs are commonly porous (10-30 percent) and
permeable, skeletal bioclastic shelf carbonates deposited as
rudistid shoals, banks, mounds, and beach facies in a tidal
flat or back reef environment (Halley, 1985; Mitchell-Tapping,
1986, 1987; Richards, 1988). Other porous reservoir facies
include patch reefs. Many of these bioclastic grainstones were
deposited on subtle bathymetric highs that likely reflect base-
ment-involved structure or differential basement erosional fea-
tures. Grain constituents consist of mollusk (rudistid) frag-
ments, pellets, forams, ooids, and peloids. Large skeletal frag-
ments are almost exclusively rudistids. Commonly, skeletal
fragments of the shoals or mounds have been leached by
subaerial exposure, leaving large pores. Dolomitic reservoirs
usually consist of fine-grained, sucrosic dolomite with high
intercrystalline porosity. These reservoirs were originally skel-
etal grainstones, packstones, and wackestones that were diage-
netically replaced by dolomite (Mitchell-Tapping, 1986, 1987;
Richards, 1988).

Seal rocks, mainly evaporites and impermeable (“tight”)
micritic carbonates, are common throughout the South Florida
Basin (fig. 3); multiple seals can be present within any one
formation. Anhydrite and salt of the Punta Gorda Anhydrite
form the major regional seal throughout the South Florida

Basin. All seals within, or overlying, petroleum-producing for-
mations of the South Florida Basin are highly efficient. This

is particularly demonstrated by the criteria for subdivision of
oil sub-types among producing units and the remarkable well-
to-well correlation of these oils, often where reservoirs are
stratigraphically juxtaposed to one another but separated by a
seal (fig. 3).

Two total petroleum systems and corresponding assess-
ment units are designated here for the South Florida Basin.
They are (1) the Sunniland—Dollar Bay TPS (505001) and
Lower Cretaceous Shoal-Reef Oil AU (50500101), and (2) the
Pre-Punta Gorda TPS (505002) and Pre-Punta Gorda Dolomite
Gas and Oil hypothetical AU (50500201). As mentioned previ-
ously, the two assessment units closely correspond to two
specific groupings of the 6 plays identified for the 1995 USGS
assessment (Pollastro, 1995; Pollastro and Viger, 1998).

South Florida Basin Sunniland-
Dollar Bay TPS and Lower Cretaceous
Shoal-Reef 0il Assessment Unit

Overview

The Sunniland-Dollar Bay TPS and Lower Cretaceous
Shoal-Reef Oil AU is a composite of stratigraphic units that
incorporates all mature source rock, and all reservoir rocks,
seal rock, and accumulations within the Dollar Bay, Lake
Trafford, and Sunniland Formations. Additionally, petroleum-
system elements from other formations of the Big Cypress and
Ocean Reef Groups are included in the TPS and assessment
unit (fig. 3). The geographic boundaries of the Sunniland-Dol-
lar Bay TPS and Lower Cretaceous Shoal-Reef Oil AU are
outlined in figure 4. Three of the four stratigraphic plays
(5001, 5002, and 5005) of the 1995 USGS assessment (Pol-
lastro, 1995); Pollastro and Viger, 1998) that comprise the
Lower Cretaceous Shoal-Reef Oil AU apply to the Sunniland
Formation; the fourth play (5003) applies to the Dollar Bay
Formation. The boundaries of the assessment unit define a
geographic area of potential discoveries for all accumulations
within this group of stratigraphic plays. Moreover, the Lower
Cretaceous Shoal-Reef Oil AU focuses on discoveries within
bioclastic shoals, mounds, and patch reefs mostly within the
upper part of the Sunniland Formation, with a lesser amount
in the Dollar Bay Formation, and a small contribution of undis-
covered resource attributed to accumulations within fractured
carbonate of the lower part of the Sunniland Formation. Ele-
ments and processes of the Sunniland-Dollar Bay TPS are
summarized in the events chart of figure 5.

The Lower Cretaceous Dollar Bay Formation, the upper-
most unit of the Big Cypress Group (fig. 3), is the youngest
formation in the onshore portion of the South Florida Basin
that shows characteristics favorable for petroleum generation
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Total Petroleum System Events Chart
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10 Petroleum Systems and Assessment of the South Florida Basin

and accumulation. The unit lies about 1,500 ft or more above
the Sunniland Formation and is as much as 620 ft thick in
some parts of the basin. Onshore, the unit ranges in thickness
from about 475 ft to 550 ft. Numerous wells penetrating the
Dollar Bay Formation in south Florida have reported low-
gravity (17° API) oil shows or tarry residues in both limestone
biohermal deposits and an upper dolomite section (Winston,
1971); however, undiscovered accumulations are hypothetical
because no commercial production has been recorded from
the Dollar Bay. Similar to the Sunniland, the Dollar Bay con-
sists mostly of evaporite-carbonate cycles. These evaporite-
carbonate beds formed during a transgressive-regressive cycle;
some thin beds of calcareous shale, salt, and lignite are also
present (Applin and Applin, 1965; Mitchell-Tapping, 1990).
In certain areas of the basin, however, limestone is the domi-
nant lithology of the formation. Production in the Dollar Bay
Formation will most likely be from leached limestones in the
middle part of the formation or from a dolomite section in the
upper part.

Known only in the subsurface, the Lower Cretaceous
Sunniland Formation is the basal unit of the Ocean Reef
Group (fig. 3). Onshore, the formation is relatively uniform in
thickness and consists of limestone, dolomite, and anhydrite.
The upper part of the Sunniland Formation produces heavy,
marginally mature crude oils from porous bioclastic debris
mounds, banks, and shoals on the eastern margin of the South
Florida Basin. The region of productive reservoir facies of the
upper Sunniland Formation is defined, in part, by eight fields
(Bear Island, Corkscrew, West Felda, Lehigh Park, Mid-Felda,
Raccoon Point, Sunniland, and Sunoco-Felda) that have each
produced more than one MMBO and five smaller fields. These
smaller fields are abandoned or shut in. Combined, these fields
form an arcuate northwest-southeast trend, the “Sunniland
trend,” which is about 20 mi wide and 150 mi long. Generally,
the updip limit of the Sunniland extends to about 50 to 60 mi
northeast of the producing trend.

Source Rocks and Thermal Maturity

Oil and tarry residues recorded in Dollar Bay wells are
believed by some to have originated within the formation
(Palacas, 1978a, 1978b; Winston, 1971). The total organic
carbon (TOC) content of the Dollar Bay Formation ranges
from very lean to fairly rich, with some beds containing more
than 3 weight percent TOC (Palacas, 1978a, 1978b). The
Dollar Bay Formation is located updip and to the northeast of
the Sunniland trend. This suggests that the unit is thermally
immature and has probably not generated hydrocarbons of
commercial quality and quantity (Montgomery, 1987). Other
studies strongly disagree, however, and predict that the Dollar
Bay Formation has been overlooked and should be a consid-
ered a primary oil target with good potential (Winston, 1971,
Palacas, 1978a, 1978b; Mitchell-Tapping, 1990).

Offshore, in the more central part of the basin where the
Dollar Bay Formation lies at depths >10,000 ft, the formation

should be more thermally mature. Onshore, API gravities of
oil from the Dollar Bay within the Lower Cretaceous Shoal-
Reef Oil AU are expected to be low, probably ranging from
15° to 20° (Mitchell-Tapping, 1990). Sulfur content is similar
to those of Sunniland-type oils (2—4 percent). Moreover, the
inferred presence of patch reefs and more complex structures
in the Federal offshore, and greater depth and higher thermal
maturity of the Dollar Bay Formation in the Federal and State
offshore portions of the basin, enhances the potential for new
field discoveries and commercial oil production in this portion
of the basin.

Oils produced from the Sunniland Formation are imma-
ture, having API gravities that range from about 21° to 28°
and average 25° to 26°; the gas-to-oil ratio (GOR) is about 85
ft3/bbl (Palacas, 1984; Palacas and others, 1984; Tootle, 1991).
Source rocks include organic-rich, dark laminated limestone
beds in the upper Sunniland and a dark, micritic carbonate unit
(informally referred to as the dark carbonate interval) in the
lower part of the Sunniland Formation. Organic matter in these
source beds is mostly hydrogen rich, amorphous, marine algal,
commonly with high sulfur content. TOC ranges from 0.4 to
12.0 weight percent and averages about 1.8 percent (Palacas,
1984). Greater than 80 percent of the organic matter within
these source rocks is composed of algal-amorphous kerogen
(oil-prone, Type lIs) (Palacas and others, 1984). The hydrocar-
bon-generating potential of the lower Sunniland dark carbon-
ate facies ranges from poor in wells updip from the producing
trend where thermal maturities are low, to good just downdip,
to excellent near the depocenter of the basin where thermal
maturity is greatest (Applegate and Pontigo, 1984).

Burial History and Petroleum Generation

Petroleum generation-expulsion for the Dollar Bay and
Sunniland Formations of the South Florida Basin is modeled
in figure 10. Onshore at Sunniland field, the Dollar Bay has
generated and expelled less than 10 percent of its oil. Model-
ing of the Sunniland onshore along the “Sunniland trend”
shows that the Sunniland source beds have only generated and
expelled about 20 percent of its hydrocarbons as oil (fig. 10).

Reservoirs

Undiscovered oil accumulations in the Dollar Bay portion
of the assessment unit will most likely be in tidal shoal depos-
its and patch reefs that were deposited in a tidal-flat, lagoonal,
restricted-marine setting, and in a subtidal-platform, open-
marine setting (fig. 6). These reservoirs include (1) porous,
leached, and dolomitized grainstones in the upper parts of
isolated debris mounds, (2) isolated patch reefs in the middle
part of the Dollar Bay Formation, and (3) a porous dolomite in
the upper part (Mitchell-Tapping, 1990). Measured porosities
(from core) of these rocks range from about 10 to 30 percent
and permeabilities from 5 to 60 millidarcies (fig. 7). Traps are
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Figure 6. Reconstructive model of paleoenvironments in southern Florida Peninsula during deposition of Lower Cretaceous Dollar Bay
Formation. Modified from Mitchell-Tapping (1990).
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PERMEABILITY (mD)

.01 0.1 1.0

1OIOO

32

={ LOWER CRETACEOUS
DOLLAR BAY
FORMATION

POROSITY (Percent)

CHALKY
LIMESTONE

o

UPPER
DOLOMITE

SUBAERIALLY
EXPOSED
LIMESTONE

Figure 7. Relationship of porosity and permeability to lithology and diagenesis in Lower Cretaceous Dollar Bay Formation, South

Florida Basin. Modified from Mitchell-Tapping (1990).

created because these reservoirs are overlain by impermeable,
micritic, tidal-flat deposits, and in some cases argillaceous
lime mudstones and anhydrite. The formation is underlain

by thick, dense nodular and nodular-mosaic anhydrites of the
Gordon Pass Formation (fig. 3).

Reservoir facies in the upper Sunniland Formation are
bioclastic buildups consisting of fossil-shell hash (skeletal
grainstones). These bioclastic buildups represent probable
storm deposition as shoals in a regionally restricted, back-reef
lagoonal area in the warm, shallow marine-shelf setting of the
eastern South Florida Basin during the late Early Cretaceous
(Mitchell-Tapping, 1984, 1987). The buildups of tidal shoals
were deposited on subtle bathymetric highs, probably related
to underlying basement structure. Later, the upper parts of
many of these shoals were subaerially exposed, leached, and
subsequently dolomitized during a low sea-level stand, further
enhancing the reservoir quality of the upper porous zones.

Individual bioclastic buildups vary in thickness between

about 40 and 100 ft (Means, 1977; Montgomery, 1987). Depth
to the upper Sunniland tidal shoal reservoirs in the producing
trend is from about 11,200 to 11,600 ft (fig. 8). Most mounds
are sealed by overlying impermeable lagoonal mudstones and
wackestones, some of which have been dolomitized (fig. 9).
Primary (interparticle) and secondary (dissolution and inter-
crystalline from dolomitization) porosity ranges from 10 to
25 percent and averages 15 to 18 percent (Mitchell-Tapping,
1984, 1987). Impermeable micritic carbonate and nodular
anhydrite beds within the upper Sunniland enclose and seal
many of the individual porous reservoir mounds. Moreover,
the entire Sunniland Formation is sealed above and below by
thick anhydrite units (fig. 2 and fig. 3). Most hydrocarbon traps
are stratigraphic; however, some mixed stratigraphic/structural
traps have been recognized.

The Lower Cretaceous Shoal-Reef Oil AU of the Sun-
niland-Dollar Bay TPS includes some hydrocarbon potential
within the lower Sunniland from the “dark carbonate” unit.
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Figure 8. Structure contour map on top of Sunniland Formation, South Florida Basin. Modified from Oglesby (1965).
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Figure 9. Map showing updip limit and distribution of limestone, dolomite, and evaporite in Sunniland Formation, South Florida
Basin, Florida Peninsula. Modified from Mitchell-Tapping (1986)
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Figure 10. Calculated model for oil generation and expulsion for selected units in Exxon-Collier 20-2 well, Sunniland field, Collier County,
South Florida Basin, Florida. Model assumes Type 1I1SB kinetics (oil prone), a constant geothermal gradient of 1.1°F/100 ft, and a constant

surface temperature of 70°F.

The one-well Lake Trafford field, Collier County, has pro-
duced commercial quantities (about 300,000 barrels) of oil
from the lower Sunniland in fractured limestone, commonly
referred to as the rubble zone (Means, 1977), at a depth of
about 11,800 ft. Indigenous hydrocarbons are produced from
brown and medium-dark-gray micritic and argillaceous lime-
stones with total carbonate content averaging 76 weight per-
cent, and ranging from 50 to 98 weight percent. Matrix poros-
ity of the producing rubble zone from the discovery well, as
measured by well logs, is about 9 volume percent, and the
pore space is oil saturated. Core of the rubble zone from the
discovery well has been described as burrowed, fractured, and
stylolitized (Lloyd, 1992); these characteristics are thought to
be responsible for enhancing the porosity and permeability
for commercial production. Potentially productive fractured
reservoirs are sealed by impermeable, micritic, tidal-flat, lime
mudstones and underlain by the impermeable Punta Gorda
Anhydrite.

Seal Rock

Seals are both local and regional and most are intraforma-
tional evaporites or impermeable (“tight”) micritic carbonates
(fig. 3). Thick evaporites (anhydrite and salt) of the Punta
Gorda Anhydrite form the major regional seal throughout the
South Florida Basin. Moreover, the Punta Gorda regional seal
is the primary stratigraphic unit that divides the two total
petroleum systems designated here for the South Florida Basin

(fig. 3).

Geographic Extent and Boundary Conditions

Boundaries for the Sunniland-Dollar Bay TPS (505001)
and Lower Cretaceous Shoal-Reef Oil AU (50500101) are
shown in figure 4. The area of the pod of active source rock
in figure 4 represents a combined minimum thermal maturity
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for all source units within the Sunniland-Dollar Bay TPS,

the oldest and most mature source in this TPS being the

lower Sunniland dark carbonate. The minimum mean vitrinite
reflectance (R,) value used here as an indicator of thermal
maturity for carbonate source rocks with Type IIs organic
matter (marine, algal, high sulfur) was 0.55 percent. This mini-
mum R, value delineates source rocks that have generated
early, immature (14° to 17° API gravity), high-sulfur oil.

The geographic extent of the assessment unit contributed
by the Dollar Bay Formation is based on (1) interpretations
of well-log data from a series of onshore wells reporting
numerous shows (Winston, 1971; J.G. Palacas, oral commun.,
2000), (2) on the paleoenvironmental reconstructions of Win-
ston (1971) and Mitchell-Tapping (1990) of the reservoir tidal
shoal and patch reef facies, and (3) petroleum generation and
expulsion modeling of this study and the burial history and
depositional environments reported by Faulkner and Applegate
(1986).

The assessment unit includes a hypothetical extension
of bioclastic buildups to the east and south of the present
productive Sunniland trend. This hypothetical extension forms
a southwest-to-northeast arcuate trend approximately 20 mi
wide and 250 mi long from the State waters of the Marquesas
Keys northeast through the Florida Keys and along the south-
eastern Atlantic Coast of the Florida Peninsula to Broward
County (fig. 4). Bioclastic mounds of smaller size than those
in the main trend are predicted to have accumulated on subtle
structural highs in this updip, less thermally mature area of the
basin to the east and far south. Prominent positive structural
elements include the Pine Key arch and the Largo high (fig.

1 and fig. 4). Some heavy oil shows having low API gravity
(10°-14°) have been reported in wells in the northern part of
assessment unit; however, 22° API gravity oil was reported
in shows from wells near the Marquesas Keys in the west
and southernmost part of the assessment unit (Faulkner and
Applegate, 1986; Lloyd, 1992). Also, limestone of the upper
part of Sunniland may have been replaced by anhydrite in an
area between the two locations along the Keys where shows
have been recorded, thus reducing the probability for new
discoveries in this area.

The northern and updip limit for potential Sunniland
fields within the assessment unit was delineated by the deposi-
tion of micritic limestone of the intertidal, lagoonal-mudflat
facies of the Sunniland, an area where no bioclastic buildups
are expected. Moreover, the dark carbonate source in the
lower part of the Sunniland Formation is also absent. Because
new field discoveries within this assessment unit are heavily
weighted on the Upper Sunniland, the downdip western
boundary of the assessment unit north of the Florida Keys
is limited by an area where wells show that the Sunniland
limestone is replaced by anhydrite. This is best outlined in the
isopach of the Sunniland limestone by Ogelsby (1965) shown
in figure 11, the cross section reported by Feitz (1976), and the
core study and cross sections by Halley (1985).

Onshore, the dark carbonate facies of the lower Sunniland
Formation varies in thickness from zero at the updip limit of

the Sunniland to >150 ft in the producing trend. Areas incor-
porated into the assessment unit are those where conditions
for the dark carbonate include (1) dark carbonate unit thick-
ness >60 ft (see Applegate and Pontigo, 1984; Lloyd, 1992),
(2) good source-rock potential (average TOC >1.5 weight per-
cent), and (3) evidence of “rubble zone” or fracturing (Mont-
gomery, 1987). The assessment unit allows some potential for
small undiscovered fields in the lower Sunniland, particularly
northwest of the Lake Trafford field. Expected depths of pro-
duction for new field discoveries within the lower Sunniland
part of the assessment unit are estimated between 10,000 and
13,000 ft.

Exploration and development of the Sunniland Formation
has been minimal within the past 2 decades. Combined geo-
logical analysis and some exploration with sparse well distri-
bution within this petroleum system and assessment unit result
in a high probability for the discovery of oil accumulations of
moderate size in the Sunniland Formation, particularly along
the Sunniland trend or fairway.

The boundary of the Lower Cretaceous Shoal-Reef Oil
AU was constrained by the State waters political boundary of
the State of Florida and the following geologic conditions:

1. The updip limit of Sunniland and Dollar Bay Forma-
tions to the north along the Peninsular arch,

2. The northeastern extent of oil shows in the Dollar
Bay Formation and absence of lower Sunniland dark
carbonate source rock as reported by Lloyd (1992) and
Winston (1971) and by Palacas (2000, oral commun.),

3. The updip and eastern transition to marginally mature
source beds within Sunniland Formation (R,<0.55 per-
cent),

4. The southern limit of porous facies and locations of
reported oil shows in Sunniland and Dollar Bay Forma-
tions (Lloyd, 1992; Winston, 1971), and

5. Western and southeastern limit of Sunniland limestone
beyond which it is replaced by anhydrite (fig. 11).

South Florida Basin Pre-Punta Gorda
Total Petroleum System and
Pre-Punta Gorda Dolomite Gas and Oil
Hypothetical Assessment Unit

Overview

The Pre-Punta Gorda TPS and corresponding Pre-Punta
Gorda Dolomite Gas and Oil hypothetical AU are outlined on
the map of figure 12; stratigraphic elements of the petroleum
system and assessment unit are shown in figure 3 and figure
13. The Pre-Punta Gorda TPS is a hypothetical petroleum
system based on geologic interpretation and geochemical evi-
dence that adequate source rock, reservoirs, and seal rock of
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Figure 11. Isopach of Sunniland Formation limestone thickness in South Florida Basin. Note area to southwest in Florida Bay where
limestone is replaced by anhydrite. Modified from Oglesby (1965).
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18 Petroleum Systems and Assessment of the South Florida Basin

Late Jurassic(?) and Early Cretaceous age are present below
the Punta Gorda Anhydrite in the South Florida Basin. The
Pre-Punta Gorda TPS and Pre-Punta Gorda Dolomite Gas
and Oil hypothetical AU incorporate the hypothetical Lower
Cretaceous Carbonate Composite Oil (5004) and Wood River
Dolomite Deep Gas (5006) plays of the 1995 USGS assess-
ment (Pollastro, 1995; Pollastro and Viger, 1998). However,
the Pre-Punta Gorda AU focuses particularly on new field
discoveries of deep gas within the Wood River Formation.

Three potential petroleum-producing units exist within
this hypothetical assessment unit in the South Florida Basin:
(1) the Lower Cretaceous “brown dolomite zone” of the
Twelve Mile Member of the Lehigh Acres Formation, (2) a
potentially porous dolomite unit within the underlying Pump-
kin Bay Formation, also Lower Cretaceous, and (3) dolomite
of the Upper Jurassic(?) and Lower Cretaceous Wood River
Formation (fig. 3). The first two Lower Cretaceous units are
assessed for undiscovered accumulations of oil derived mainly
from organic-rich beds in the upper part of the Pumpkin Bay
Formation. In contrast, deeper reservoirs within dolomites of
the Wood River are expected to contain gas and condensate,
possibly derived from organic-rich (>1.0 percent TOC) inter-
vals within the Wood River Formation.

The informally named brown dolomite of the Lehigh
Acres Formation lies about 300 ft below the base of the
Punta Gorda Anhydrite and about 1,000 ft below the Sunniland
Formation (fig. 3). The unit is best developed (about 100 ft
thick) and most porous (10 to 22 percent) onshore in Charlotte
County and surrounding counties at a depth of about 12,000 ft.
Oil shows are reported, and because it is about 1,000 ft lower
in the stratigraphic section than the Sunniland Formation oils
from the brown dolomite are predicted to have API gravities
in the range of about 20° to 50° and source beds within the
Lehigh Acres Formation should have greater thermal maturi-
ties than those that generate Sunniland oils.

The Pumpkin Bay Formation is thickest (as much as
1,200 ft thick) in the northern part of the assessment unit, as
measured from reference wells in State waters near Charlotte
Harbor and onshore in Collier and Hendry Counties. Geo-
chemical and thermal maturity measurements indicate that the
Pumpkin Bay has good source-rock potential (Means, 1977;
Applegate and others, 1981; Palacas and others, 1981; Attilio
and Blake, 1983; Faulkner and Applegate, 1986; Applegate,
1987; Montgomery, 1987).

The Upper Jurassic(?) and Lower Cretaceous Wood River
Formation is greater than 2,700 ft thick and comprised mostly
of limestone and dolomite overlying a basal clastic section.
The Wood River averages about 1,700 ft thick and is the
lowest sedimentary unit in the South Florida Basin (fig. 3); it is
considered to include rocks deposited during Louann through
Cotton Valley time (Montgomery, 1987). The few wells that
have penetrated this formation show that a 100- to 150-ft-thick
clastic unit forms the basal part of the Wood River Formation
and consists of dark-red shale and fine- to coarse-grained
arkosic sandstone and calcareous sandstone (Applegate and
others, 1981). These basal clastics possibly represent fan, fan-

delta, and fluvial-lacustrine and marine deposits and are equiv-
alent to the basal Fort Pierce Formation of Applin and Applin
(1965). Below the basal clastic sequence in Collier County

is a rhyolite porphyry with an age of 189 Ma. Overlying

these clastic rocks is a thick sequence of anhydrite, microcrys-
talline dolomite, some limestone, and occasional interbedded
salt stringers, indicating marine transgression (Applegate and
others, 1981; Montgomery, 1987).

One well, the Mobil-Phillips Seminole C, near Seminole
field in Hendry County, produced measurable gas (referred to
as minor gas production by Montgomery, 1987) and water at
depths of about 15,700 ft from perforations in a dolomite zone
averaging about 8 percent porosity. Moreover, logs from the
well measured higher porosities and increased resistivities just
above the perforated section, possibly indicating the presence
of gas (Applegate and others, 1981; Palacas and others, 1981;
Montgomery, 1987). Although formation damage occurred in
the well bore, this well was categorized by the site geologist as
having potential for commercial gas production (J.G. Palacas,
oral commun., 1994, 2000). Additionally, shows of gas and
condensate having 52° API gravity were recorded and sampled
in the Exxon Collier 20-2 well at Sunniland field, Collier
County.

Source Rocks and Thermal Maturity

Source-rock studies by Palacas and others (1981) suggest
that organic-rich beds in the upper Pumpkin Bay Formation
are likely source rocks for petroleum that could be reservoired
both within the middle and upper part of the Pumpkin Bay and
in the porous brown dolomite zone of the Lehigh Acres Forma-
tion. Palacas and others (1981) identified organic-rich, argil-
laceous carbonate beds with high (0.43-3.2 weight percent)
TOC in the upper Pumpkin Bay and concluded that these beds
had the greatest petroleum-generating potential of all rocks
older than the Punta Gorda Anhydrite.

The TOC contents of these rocks, however, varies within
the basin. Most rocks within the Twelve Mile Member of the
Lehigh Acres Formation contain insufficient organic matter
(average about 0.3 percent TOC) to have generated commer-
cial amounts of petroleum. Some richer source beds occur
within this unit, however, having marginal (about 0.5 weight
percent TOC) to good (greater than 2.0 weight percent TOC at
West Felda field) source rock.

Potentially commercial gas production reported from the
Mobil-Phillips Seminole C well in dolomite of the Wood River
Formation near Seminole field, and a good gas/condensate
show in the Wood River from the Bass Collier 12-2 well in
the Sunniland field, indicate a sufficient source rock in the
Wood River Formation. Moreover, Palacas and others (1981)
measured TOC as high as 1.85 percent in thin Wood River
intervals, and Faulkner and Applegate (1986) found that the
Wood River Formation in the Bass Collier 12-2 well contains
as much as 1.15 percent TOC at a depth greater than 16,000
ft. Marine beds, generally regarded as potential petroleum
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Total Petroleum System Events Chart

Province Name: Florida Peninsula (50) TPS Name: South Florida Basin
Pre-Punta Gorda TPS (505002)
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Figure 13. Total petroleum system (TPS) events chart for South Florida Basin Pre-Punta Gorda TPS and Pre-Punta Gorda Dolomite Gas and Qil hypothetical assessment unit.
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sources, are predominant within the Wood River. Some evi-
dence also exists for lacustrine deposition in the basal clastics.
The depositional environment of the Wood River Formation,
especially in the southern areas, probably favored reef growth;
thus a combination of source, seal, and reservoir should be
present.

The thermal maturation level favorable for oil generation
is greater in this assessment unit than in the overlying Sun-
niland-Dollar Bay TPS. Qils of the Pumpkin Bay are predicted
to be marginally to moderately mature having API gravities
ranging between 25° and 50°, with higher GOR than Sun-
niland oils.

Burial History and Petroleum Generation

Figure 10 shows the results of a petroleum formation
(expulsion) model for Type 1IS kerogen calculated for the deep
(total depth of 17,200 ft) Exxon Collier 20-2 well in Sunniland
field, Collier County, where shows of gas and condensate were
reported. The model used a geothermal gradient of 1.1°F/100
ft and a mean annual surface temperature of 70°F. In the mod-
eled well of figure 10, the uppermost Pumpkin Bay is presently
in the peak oil generation phase and has expelled over 60
percent of its oil. According to the model, the Bone Island
Formation has expelled all oil within the past 5 million years
and the Wood River Formation expelled all oil by the end
of the Late Cretaceous (about 65 Ma). A summary of the
Pre-Punta Gorda TPS linking the essential petroleum-system
elements and processes is shown in the events chart of figure
13.

Reservoirs

Reservoir rocks consist of sucrosic dolomite and exhibit
“pinpoint” intercrystalline to vuggy secondary porosity in beds
found at least 50 ft below the top of the Twelve Mile Member
of the Lehigh Acres Formation. As much as 50 ft of porous
dolomite has been found onshore where the brown dolomite
zone reaches a maximum thickness of about 100 ft. An area
having the highest potential for discoveries onshore is defined
by the porous zones shown by Applegate (1987) in Charlotte,
Lee, Hendry, Collier, Highlands, and Glades Counties and
adjacent State waters. Oil shows were observed in the Bass
Collier 12-2 well in Collier County in dolomite having sonic
well-log porosities ranging from 10 to 22 percent and core
porosities as high as 18 volume percent. Good potential for
new field discoveries is also predicted offshore in both State
and Federal waters. In particular, oil stains were noted in
wells where about 350 ft of mostly porous dolomite has been
penetrated near the Marquesas Keys (Faulkner and Applegate,
1986; Lloyd, 1992).

Core porosities for the Pumpkin Bay are as high as about
20 percent, and sonic well-log porosities measure slightly
higher. Porosities are generally lower in the Pumpkin Bay

Formation than in potential reservoirs found in younger units.
Although no reservoir studies have been performed, docu-
mented evidence of good porosities within some lithologies
in the Wood River Formation at depths >15,000 ft suggest
that the unit has good potential for accumulations of gas in
deep reservoirs. Moreover, the thick (1,700 ft on average)
section allows for the presence of multiple horizons with res-
ervoir potential. The basal clastics (fan, fan-delta, and flu-
vial-lacustrine and marine deposits) of the Wood River Forma-
tion are considered possible deep-gas and pinch-out reservoirs
along the Peninsular arch. Porous dolomite, as described in
the Mobil-Phillips Seminole C well near Seminole field, where
minor gas production was recorded from dolomite having
about 8 percent porosity with subsequent log analysis measur-
ing 20 to 23 percent porosity zones, provides further evidence
that the Wood River is a potential prospect for new field
discoveries of deep gas.

Seal Rock

As in the Lower Cretaceous Shoal-Reef Oil AU, seal
rocks are both local and regional, and most are intraforma-
tional evaporites or impermeable (“tight”) micritic carbonates.
For example, the Wood River Formation contains interbedded
anhydrite, salt stringers, and micritic limestones that could act
as excellent seals for porous dolomite reservoirs. The Punta
Gorda Anhydrite, however, is the major overlying seal for
the Pre-Punta Gorda Dolomite Gas and Oil hypothetical AU.
As described earlier, the Punta Gorda Anhydrite is a regional
seal that divides the two total petroleum systems in the South
Florida Basin (fig. 3).

Geographic Extent and Boundary Conditions

The Pre-Punta Gorda Dolomite Gas and Oil hypothetical
AU is delineated by two areas having geologic conditions
favorable for discoveries that, when combined, constrain the
assessment unit boundary. One area favorable for discoveries
is in the northern half of the assessment unit and is centered
around the main producing portion of the Sunniland trend,;
a second favorable area is in the southern half of the assess-
ment unit and lies over the Florida Keys and Florida Bay,
extending southwest to the Marquesas Keys. The northern
part of the assessment unit, mostly in Charlotte, Lee, Collier,
and Hendry Counties, includes an area for potential discover-
ies where Applegate (1987) outlines porous brown dolomite
and an area where the Pumpkin Bay Formation is shown to
contain live oil in porous (6—16 percent porosity) dolomite.
The northern segment of the assessment unit also corresponds
to an area of brown dolomite where high porosity is caused by
epigenetic dolomitization from an active geothermal lineament
system (Saul, 1987).

The Pumpkin Bay Formation is mostly limestone except
at its northern limit, where it is dolomite. Within the South
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Florida Basin, the Pumpkin Bay is as thick as 1,200 ft in off-
shore Florida State waters of Charlotte Harbor; the formation
is projected to thicken westward in Federal offshore waters
and into the basin depocenter in Florida Bay (Faulkner and
Applegate, 1986). Projections suggest that the formation is as
much as 1,500 ft thick in this area and that good reservoirs
exist within a thick porous dolomite zone (300-350 ft thick;
pinpoint intercrystalline to vuggy secondary porosity as great
as 25 percent) in the middle to upper part of the formation

at depths from about 12,500 ft to >15,000 ft. Onshore, the
Pumpkin Bay Formation is found at depths from about 12,500
to 14,000 ft.

The southern part of the assessment unit represents an
area of potential discoveries where oil shows are reported
from porous (25 percent porosity) brown dolomite of the
Lehigh Acres Formation. Several oil shows are reported in
thick, porous dolomite sections in the southern segment of
the assessment unit (Faulkner and Applegate, 1986; Applegate,
1987; Lloyd, 1992), and in patch-reef and back-reef facies
of the Wood River Formation, as interpreted by Faulkner and
Applegate (1986).

Two shows having significant volumes of gas and gas/
condensate are reported in porous dolomite of the Wood
River Formation in a well at Seminole field and a well at
Sunniland field, respectively. Organic geochemistry studies of
well samples from the Wood River Formation indicate that the
hydrocarbon-generating potential of the unit ranges from poor
(<0.25 percent TOC) to excellent (>1.0 percent TOC) (Palacas
and others, 1981; Faulkner and Applegate, 1986). Potential
new field discoveries within the Wood River Formation may be
in porous (8 percent or greater) dolomite reservoirs enclosed
by anhydrite, salt stringers, and (or) micritic limestone at
depths from about 15,000 to 19,000 ft onshore and in State
waters. Some potential gas discoveries may lie within the
basal clastics, perhaps as pinch-outs, along the Peninsular arch
sourced by organic-rich lacustrine beds. The assessment unit
includes areas of the southern part of basin where reef growth
occurred. It is possible that gas in the Wood River Formation
in the area of the Sunniland trend may have originated in
deeper parts of the basin and migrated updip. Moreover, pub-
lished seismic cross sections in Federal offshore areas of the
South Florida Basin show faulting that extends from basement,
through the Wood River, and into the Lower Cretaceous Bone
Island Formation (Faulkner and Applegate, 1986). These struc-
tures could extend into the State waters and onshore to create
several structural traps and hydrocarbon accumulations that
are larger than the stratigraphic traps characteristic of fields
currently producing from the Sunniland Formation.

General geologic and other conditions that constrain the
assessment unit boundary include, but are not limited to, the
following:

1. Western boundary delineated by State waters boundary
and general absence of brown dolomite within the
Lehigh Acres Formation,

2. South-southeastern boundary determined by State-Fed-
eral offshore waters boundary, and

3. Northeast boundary is updip limit of Punta Gorda
Anhydrite, Wood River Formation, and brown dolomite
of the Lehigh Acres Formation.

Assessment Methodology and Results

Background

USGS methodology for the assessment of undiscovered
conventional oil and gas resources focuses on developing prob-
ability distributions of sizes and numbers of undiscovered oil
and gas fields within each assessment unit. These distributions
are the basis for the calculation of undiscovered oil and gas
resources.

There are many approaches to determining the distribu-
tions of sizes and numbers of undiscovered oil and gas fields
within an assessment unit, but there are two commonly used
methods. The first involves interpretation of geologic prospects
from seismic data, the second is an analysis of historic explo-
ration and production information. In the Lower 48, the USGS
typically does not have access to 2-D or 3-D seismic-survey
grids that would allow for the development of a distribution of
seismic prospects or prospect leads that can be volumetrically
modeled and geologically risked to arrive at distributions of
sizes and number of undiscovered oil and gas fields. Rather,
we use the existing exploration and production data and the
elements and processes of the petroleum system and assess-
ment units (source rocks, timing of generation, migration, res-
ervoirs, traps, seals) as a guide to the estimation of probability
distributions of sizes and numbers of undiscovered fields. For
hypothetical assessment units, we arrive at the distributions of
sizes and numbers of undiscovered fields using analog data
sets from other assessment units of the South Florida Basin
and other U.S. basins where the elements of the petroleum
system are similar. An assessment based on an analysis of
historic production and exploration data may have more uncer-
tainty related to the distributions of sizes and number of undis-
covered fields than an assessment based on a distributions of
sizes and numbers of geologically risked prospects interpreted
from a set of closely spaced seismic lines. Capturing this
geologic uncertainty with probability distributions of sizes and
numbers is the crux of resource assessment. The volume of
undiscovered oil and gas calculated from these distributions
is given as the mean of the distribution, and the uncertainty
is demonstrated by the range from the Fgs to the Fg of the
distribution.

For the assessment of the South Florida Basin, the his-
toric exploration and production data are from the Lower Cre-
taceous Shoal-Reef Oil AU, which contains eight oil fields
greater than or equal to 0.5 MMBO (the minimum field size
used in this assessment) and about 220 wildcat wells that can
be used to examine past exploration and as a guide to future
exploration and potential discoveries. The Pre-Punta Gorda
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Dolomite Gas and Oil hypothetical AU is hypothetical, with
no discovered oil or gas fields of the minimum size, and

only a limited number of wells have partially penetrated the
Pre-Punta Gorda part of the sedimentary section. For this
hypothetical assessment unit, we utilized analog and explora-
tion production data sets and geologic knowledge from the
Upper Jurassic Smackover Formation of the onshore Gulf
Coast (Schenk and Viger, 1995). The source, reservoirs, and
trapping in the Smackover fields are considered similar to
postulated Pre-Punta Gorda fields in the South Florida Basin.

Data Sources

The oil and gas well data were extracted from the IHS
Energy Group (1999), Well History Control System (WHCS)
database, including information on total depth, production
formation, formation at total depth, perforation zones, produc-
tion tests, final well classification, and production data. The
reserves and production data for oil fields in the South Florida
Basin were taken from the NRG Associates (1997) database.

USGS methodology requires the actual field size for each
discovered oil and gas field. We arrive at the actual sizes
of oil and gas fields by combining the “known” field size
(cumulative production plus reserves) taken from the NRG
Associates, Inc. database with an estimate of reserve growth.
Reserve growth of existing fields is estimated using the method
of Klett and Ahlbrandt (2000). The algorithm was based on
reserve growth of fields in the lower 48 States of the United
States. The addition of the reserve-growth contribution to the
known field size produces a grown field size, which we believe
is closer to the actual size of an oil or gas field. Grown field
sizes were used throughout this analysis.

Wildcat-well data were derived from the IHS Energy
Group (formerly Petroleum Information Corporation or Pl)
WHCS database. These wells include only those designated
by initial well classification as wildcat wells, thus they do
not include development or infill wells. We use the historical
record of wildcat drilling as a proxy for the degree of explora-
tion activity in an assessment unit.

We used two different methods to calculate distributions
of undiscovered resources; a Monte Carlo simulation method
(Charpentier and Klett, 2000) and the analytical probability
method (Crovelli, 1999) were used to independently test the
results of the input data. The two methods produced results
to within 0.1 percent of each other at the mean. The results
of the Monte Carlo simulations are given in Appendix C and
Appendix D.

Lower Cretaceous Shoal-Reef
0il Assessment Unit

The geologic model for Lower Cretaceous Shoal-Reef
Oil AU, as described in the earlier sections on geology and

petroleum system elements, is one of reefs, shoals, carbonate
mounds, bioherms, and related features, forming mainly strati-
graphic traps sourced from organic-rich, calcareous units inter-
bedded with the carbonates. Several stratigraphic horizons
contain potential reservoirs in this assessment unit, and the
main known hydrocarbon-bearing interval is the Sunniland
Formation (fig. 3 and fig. 5); the Dollar Bay Formation is
another unit with similar facies development with potential
shoal-reef reservoirs.

The data for new-field wildcat wells in this assessment
unit show that of the approximately 220 new-field wildcats,
about half were drilled in a 15-year period between 1967 and
1985 (fig. 15). The number of new-field wildcats per year
has dropped dramatically since that period (fig. 14 and fig.

15). The data for discovered field size and new-field wildcats
(fig. 16) demonstrates that overall, as is the case in many
basins worldwide, the size of oil and gas fields decreases with
increasing numbers of wildcats as the larger fields generally
are found early in the exploration history of an assessment
unit. This relation is clearly shown on the plot of field size
and discovery year in figure 17, where the sizes of discovered
fields decreases with time. Plots of cumulative volumes of
discovered oil with wildcat wells (fig. 18) and with discovery
year (fig. 19) demonstrate that, although fields continue to be
discovered, the fields are smaller, as shown by the flattening of
the curve of cumulative oil volumes.

The exploration and production data illustrate that eight
oil fields greater than or equal to minimum size (500,000
barrels) were discovered in the assessment unit between 1943
and 1985 and that the rate of discovery has been somewhat
constant through time with respect to wildcat drilling. This dis-
covery history also reflects the exploration methods in effect
during this time period. Exploration was initially accomplished
mainly with rank wildcats and evolved to drilling prospects
interpreted from 2-D seismic surveys. The surge in exploration
from 1965 to 1980 (fig. 15) probably reflects the use of 2-D
seismic surveys combined with new concepts related to car-
bonate porosity and reservoir potential. In the future, explora-
tion may be guided principally by interpretations of 3-D seis-
mic surveys.

Input Data

The assessment input data for the Lower Cretaceous
Shoal-Reef Oil AU is shown in Appendix A. Details on the
data sheets and assessment model are described in Schmoker
and Klett (2000). For the entire onshore and offshore State
waters of the South Florida Basin, we used a minimum undis-
covered field size of 0.5 MMBO. This minimum field size was
determined after reviewing the historical data for the South
Florida Basin, in particular, and for the United States in gen-
eral. This value probably represents a minimum economic field
size for this area given the characteristics of the hydrocarbons,
especially the low API gravities, high sulfur content and water
production, and the depths to production.
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Figure 14. Plot of new-field wildcat wells versus drilling completion year for Lower Cretaceous Shoal-Reef Qil assessment unit, South Florida Basin, Florida.
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Figure 15. Plot of cumulative new-field wildcat wells versus drilling completion year for Lower Cretaceous Shoal-Reef Oil assessment unit, South Florida Basin, Florida.
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Figure 16. Plot of grown oil-field size versus cumulative new-field wildcat wells for Lower Cretaceous Shoal-Reef Qil assessment unit, South Florida Basin, Florida.
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Figure 17. Plot of grown oil-field size versus field-discovery year for Lower Cretaceous Shoal-Reef Qil assessment unit, South Florida Basin, Florida.
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Figure 18. Plot of cumulative grown oil volume versus new-field wildcats for Lower Cretaceous Shoal-Reef Qil assessment unit, South Florida Basin, Florida.
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Figure 19. Plot of cumulative grown oil-field volume versus field-discovery year for Lower Cretaceous Shoal-Reef Qil assessment unit, South Florida Basin, Florida.
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The historic production data indicate that the median size
of fields has decreased through time from 19 MMBO for
the first four fields (first discovery half) to 5 MMBO for
the second four discovered fields (second discovery half)
(Appendix A). We estimated that the median size for undis-
covered fields would be 5 MMBO for the Lower Cretaceous
Shoal-Reef Oil AU. The median size is generally expected
to decrease with time, but we feel that the introduction of
3-D seismic data for this assessment unit may help retain the
median size to values about 5 MMBO.

The next step is to determine the minimum, median,
and maximum values of numbers of undiscovered fields in
the assessment unit. For the minimum number, we estimated
that at least two fields greater than minimum size would be
discovered in the assessment unit. For the median number, we
estimated that, although only eight fields have been discovered
to date, most of the drilling was concentrated in the Sunniland
“fairway,” and there is much room for exploration for potential
reservoirs away from this trend. In addition, although the Sun-
niland interval remains the most potentially prospective inter-
val in this assessment unit, other stratigraphic intervals, par-
ticularly the Dollar Bay Formation, may also have potential for
undiscovered resources. We estimate that the median number
of fields remaining to be discovered in the assessment unit is
25, with a maximum of 75 fields remaining to be discovered.
We took into account that some potentially prospective inter-
vals may be stacked and that exploration may result in one
field discovery with several productive intervals; therefore, this
avoided any “double counting” of numbers of undiscovered
fields in this assessment unit.

Coproduct ratios, such as the gas/oil ratio (GOR) and
the natural gas liquids/gas ratio (LGR) for oil fields, are impor-
tant because our methodology uses these ratios to calculate
gas in oil fields and NGL in oil and gas fields, which can
have significant implications for the economic viability of
fields, especially small fields. The coproduct ratios are given
in Appendix A for the Lower Cretaceous Shoal-Reef Oil AU.
Other ancillary data, such as API gravity, sulfur content, drill-
ing depths, and water depth are also shown on the input form
(Appendix A).

Assessment Results

The Monte Carlo simulation (Appendix C), verified by
the analytical probability method, provided the following
results for the Lower Cretaceous Shoal-Reef Oil AU of the
South Florida Basin (table 2): oil in undiscovered oil fields
ranges from an Fgs (95 percent chance) of 43.22 MMBO to an
Fg (5 percent chance) of 615.03 MMBO, with a mean volume
of undiscovered oil of 272.54 MMBO. The coproduct ratios
(Appendix A) were used to calculate a range of associated
gas in undiscovered oil fields from 4.05 BCFG (Fgs) to 72.43
BCFG (Fs), with a mean volume of associated gas of 28.78
BCFG in undiscovered oil fields. Using the LGR, the volume
of NGL in oil fields was calculated to range from 0.23

MMBNGL (Fgs) to 4.52 MMBNGL (Fs), with a mean NGL of
1.72 MMBNGL in undiscovered oil fields.

These results indicate that for the Lower Cretaceous
Shoal-Reef Oil AU, a mean of about 272 MMBO is undiscov-
ered. With a total of about 120 MMBO already discovered,
approximately one third of the oil has been discovered in this
assessment unit.

Pre-Punta Gorda Dolomite Gas and Qil
Hypothetical Assessment Unit

The hypothetical Pre-Punta Gorda Dolomite Gas and QOil
hypothetical AU was defined to include undiscovered gas in
the Wood River Formation and minor oil accumulations in
stratigraphic traps of the Lehigh Acres and Pumpkin Bay For-
mations, all below the regional Punta Gorda Anhydrite seal.
Presently, there are no oil or gas fields in this assessment unit;
several wells have penetrated the stratigraphic section with a
few significant gas and condensate shows in Wood River dolo-
mites. For this assessment unit, we used the geology and field-
size distributions of plays of the Upper Jurassic Smackover
Formation of the onshore areas of Alabama and Mississippi
from the 1995 USGS assessment (Schenk and Viger, 1995) as
analogs for developing the sizes and numbers of undiscovered
fields.

Input Data

The input data for the Pre-Punta Gorda Dolomite Gas
and Oil hypothetical AU are shown in Appendix B. In our
analysis of the risk involved with the geologic elements of
this assessment unit, we concluded that there was a 10 percent
chance that the hydrocarbon charge was inadequate to charge
a field of minimum size within the assessment unit. Based on
thermal maturity modeling (fig. 10) and reported gas and con-
densate shows, we interpret this assessment unit, in contrast to
the first, to contain significantly more gas than oil, in terms of
equivalent volumes (i.e., BOE).

Similar to the Lower Cretaceous Shoal-Reef Oil AU, a
minimum field size of 0.5 MMBOE was chosen for both undis-
covered gas and oil of the Pre-Punta Gorda AU. The Smackover
Formation analog provided the geologic basis for the median
size of 4 MMBOE, which we adopted for undiscovered gas
and oil fields (Schenk and Viger, 1995). Smackover Formation
fields, as with most field-size distributions, show a significant
decrease in discovered field size with time, and the median
size for this assessment unit reflects the downward trend of
Smackover field size with time (fig. 20 and fig. 21).

The numbers of undiscovered fields were again based on
the numbers of Smackover fields, the geology and petroleum-
system elements of this assessment unit, and the geographical
scale of the assessment unit. We estimate that more gas fields
are present than oil fields by three to one. The median number
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Figure 20. Plot of known oil accumulation size versus year of discovery and cumulative number of exporatory wells for the Smackover
Formation of the Mississippi-Louisiana Salt Basins from Schenk and Viger (1995). Median oil accumulation size is 4 million barrels of oil

(MMBO).
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Figure 21. Plot of known gas accumulation size versus year of discovery and cumulative number of exporatory wells for the Smackover
Formation of the Mississippi-Louisiana Salt Basins from Schenk and Viger (1995). Median gas accumulation size is 24 billion cubic feet of gas
(BCFG) or 4 million barrels of oil equivalent (MMBOE).
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Table 2. Assessment summary of undiscovered oil and gas from the Monte Carlo simulation in South Florida Basin, Florida, USGS
Province 50, Florida Peninsula, from USGS total-petroleum-system-assessment-unit (TPS-AU) analysis.

[MMBOE, million barrels of oil equivalent. For this assessment, 6,000 cubic feet of gas equals 1 barrel of oil equivalent (BOE). MMBO, million barrels of oil.

BCFG, billion cubic feet of gas. MMBNGL, million barrels of natural gas liquids]

South Florida Basin (USGS Province 50--Florida Peninsula Province)

Sunniland-Dollar Bay TPS (500101) - Lower Cretaceous Shoal-Reef Oil AU (50010101)

Mean Fos Fso Fs
QOil in oil fields (MMBO) 272.54 43.22 238.94 615.03
Gasinail fields (BCFG) 28.78 4.05 23.36 72.43
NGL in oil fields (MMBNGL) 172 0.23 1.36 452
AU SUBTOTAL (MMBOE) (279.06)

Pre-Punta Gorda TPS (500102) -Pre-Punta Gorda Dolomite Gas and Qil hypothetical AU (50010201)

Mean Fos Fso Fs

Oil in oil fields (MMBO) 78.69 0.00 57.50 231.16
Gasin ail fields (BCFG) 83.78 0.00 56.30 259.78
NGL in ail fields (MMBNGL) 4.99 0.00 3.27 15.94
Gasin gasfields (BCFG) 1,545.41 0.00 1,288.97 3,951.48
NGL in gasfields (MMBNGL) 68.01 0.00 54.77 181.55
AU SUBTOTAL (MMBOE) (423.14)

MEAN TOTAL UNDISCOVERED (702.20)

RESOURCE (MMBOE)

of 25 undiscovered gas fields (Appendix B) corresponds to a
similar density of Smackover gas fields adjusted for the area
of the assessment unit (Schenk and Viger, 1995). The median
of eight oil fields further implies an assessment unit dominated
by gas; oil is postulated only for the younger stratigraphic
formations of lower thermal maturity in this assessment unit
(fig. 3). The coproduct ratios and other ancillary data for the
Pre-Punta Gorda Dolomite Gas and Qil hypothetical AU are
given in Appendix B.

Assessment Results

The Monte Carlo simulation (Appendix D), provided the
following fully risked results for the Pre-Punta Gorda Dolo-
mite Gas and Qil hypothetical AU (table 2). Oil in undis-
covered oil fields has a range 0.00 MMBO (Fgs) to 231.16
MMBO (Fs), with a mean volume of undiscovered oil of 78.69
MMBO. The coproduct ratios (Appendix B) were used to
calculate a range for associated gas in undiscovered oil fields

from 0.00 BCFG (Fg5) to 259.78 BCFG (Fs), with a mean
volume of associated gas of 83.25 BCFG (13.88 MMBOE) in
undiscovered oil fields. Using the LGR, the volume of NGL in
oil fields was calculated to range from 0.00 MMBNGL (Fgs)
to 15.94 MMBNGL (Fs), with a mean NGL volume of 4.99
MMBNGL in oil fields. The largest undiscovered oil field is
expected to be between 4.04 MMBO (Fgs) and 121.61 MMBO
(Fs), with a mean expectation of 38.61 MMBO.

For nonassociated gas (gas in gas fields), the Monte Carlo
simulation and the analytical probability method provided the
following results: total nonassociated gas volume in undiscov-
ered gas fields ranges from 0.00 BCFG (Fgs5) to 3,951.48
BCFG (Fs), with a mean volume of undiscovered nonassoci-
ated gas of 1,545.41 BCFG (257.57 MMBOE) (table 2). The
LGR (Appendix B) was used to calculate a range of NGL in
undiscovered gas fields from 0.00 MMBNGL (Fgs) to 181.55
MMBNGL (Fs), with a mean volume of 68.01 MMBNGL in
undiscovered gas fields. In summary, the total mean volume of
undiscovered resource in the Pre-Punta Gorda Dolomite Gas
and Oil AU is 423.14 MMBOE.
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The Monte Carlo simulation provides an estimate of the
range of mean field size for the largest gas field expected in
this assessment unit, which had a range from 76.48 BCFG
(Fgs) to 1,232.37 BCFG (Fs), with a mean of 452.11 BCFG.
This estimate of the largest expected undiscovered gas field
in the entire assessment unit represents a field of about 75
MMBOE, an estimated field size that is larger than any field
yet discovered in the South Florida Basin. The degree of
uncertainty of the sizes of undiscovered gas fields is shown by
the spread in the resource distribution (table 2). The zeros in
the Fgs fractiles reflect that there is a 10 percent chance of no
fields >0.5 MMBOE in the Pre-Punta Gorda Dolomite Gas and
Oil hypothetical AU.

Summary of Total-Petroleum-System
Assessment of Undiscovered

Oil and Gas Resources in the

South Florida Basin

The results of our petroleum system assessment of the
South Florida Basin are summarized in table 2. The assess-
ment resulted in a mean volume of undiscovered oil of 272.54
MMBO for the Lower Cretaceous Shoal-Reef Oil AU and
78.69 MMBO for the Pre-Punta Gorda Dolomite Gas and
Oil hypothetical AU. The summed mean values of undiscov-
ered oil resource is 351.23 MMBO for the South Florida
Basin (272.55 MMBO plus 78.69 MMBO). For gas, the results
provide a mean value for undiscovered nonassociated gas of
1,545.41 BCFG (about 258 MMBOE). For the South Florida
Basin, the mean value for total associated gas in undiscovered
oil fields is 112.56 BCFG (about 19 MMBOE), the mean value
for NGL in undiscovered oil fields is about 6.71 MMBNGL,
and the mean value of NGL in undiscovered gas fields is 68.01
MMBNGL. The total undiscovered petroleum resource (oil,
gas, and natural gas liquids) for the South Florida Basin has a
mean value of 702.20 MMBOE (table 2).

Comparison of Results of the

1995 USGS Play-Based Assessment
to the 2000 Total-Petroleum-System-
Assessment-Unit Assessment

A comparison of results for undiscovered oil and gas
resources performed in the last decade (Pollastro, 1995, and
this study) for the South Florida Basin, and Florida Peninsula
Province (USGS Province 50) is summarized in table 3. The
current 2000 USGS total-petroleum-system assessment, using
assessment units, results in a total mean resource volume

of about 702 MMBOE, compared to a total of about 377
MMBOE from the play-based assessment for the 1995 USGS
National Oil and Gas Assessment (Pollastro, 1995). Although
the present assessment of undiscovered resources of south
Florida is almost twice as large as the 1995 USGS assessment,
the difference is explained in this section.

As described in earlier sections of this report and illus-
trated in figure 3, four stratigraphic plays, 5001, 5002, 5003,
and 5005 of the 1995 USGS assessment comprise the Lower
Cretaceous Shoal-Reef Oil AU (Sunniland—Dollar Bay TPS);
three of these plays apply to the Sunniland Formation and the
fourth to the Dollar Bay Formation. Similarly, the Pre-Punta
Gorda TPS and Pre-Punta Gorda Dolomite Gas and Oil hypo-
thetical AU incorporates the hypothetical Lower Cretaceous
Carbonate Composite Oil (5004) and Wood River Dolomite
Deep Gas (5006) plays of the 1995 USGS assessment (Pol-
lastro, 1995; Pollastro and Viger, 1998). As in figure 3, table
3 also shows how the plays defined in the 1995 USGS assess-
ment relate to the 2000 TPS-AU assessment of this report.

Collectively, the four plays comprising the Lower Cre-
taceous Shoal-Reef Oil AU were assessed lower (about 23
percent) in our present 2000 USGS assessment (279 MMBOE)
than as assessed separately and summed (365 MMBOE) in the
1995 USGS assessment (table 3). The difference is attributed
to more heavily weighted discoveries of oil in tidal shoal
deposits of the upper Sunniland Formation, particularly along
the main “Sunniland trend” or fairway; the potential for new
field discoveries in Dollar Bay Formation shoals and patch
reefs thus were reduced from the USGS assessment by Pol-
lastro (1995).

The most significant difference between the current study
and the 1995 USGS play-based assessment of the South Flor-
ida Basin (Pollastro, 1995) is the assessment of the Pre-Punta
Gorda Dolomite Gas and Oil hypothetical AU of the Pre-Punta
Gorda TPS. In this assessment unit, a mean total undiscovered
petroleum resource was estimated at about 423 MMBOE, of
which about 258 MMBOE (about 1,545 BCFG), or 61 percent,
is nonassociated gas. Moreover, about 68 MMBNGL accom-
panying the gas was calculated from the coproduct ratio (table
2 and table 3). The nonassociated gas and NGL of the Pre-
Punta Gorda Dolomite Gas and Oil hypothetical AU were
assessed within porous dolomite and possible clastic pinch-out
reservoirs in the Upper Jurassic(?) and Lower Cretaceous
Wood River Formation—a play which was recognized and
defined in the 1995 USGS assessment but not assessed (Pol-
lastro, 1995).

In summary, a total of about 702 MMBOE undiscovered
oil and gas is estimated for the South Florida Basin,
as compared to a total of about 377 MMBOE from the
1995 USGS assessment (Pollastro, 1995); an increase of 86
percent. Much of the increase in undiscovered resource is due
to our addition of deep, nonassociated gas in the Wood River
Formation. In contrast, this assessment resulted in a decrease
of mean undiscovered oil in shoal and patch reef reservoirs
of the Dollar Bay Formation and in the lower Sunniland
Formation.

Received by Florida DEP 8/18/2016

33



34

Petroleum Systems and Assessment of the South Florida Basin

Table 3. Comparison of assessment results for the 1995 USGS National Qil and Gas Assessment using play analysis (Pollastro, 1995) to
the present total-petroleum-system-assessment-unit (TPS-AU) study of the South Florida Basin, Florida.

[MMBOE, million barrels of oil equivalent. For this assessment, 6,000 cubic feet of gas equals 1 barrel of oil equivalent (BOE). MMBO, million barrels of oil.
BCFG, billion cubic feet of gas. MMBNGL, million barrels of natural gas liquids. Resources are rounded to nearest whole number]

1995 Play-Based Assessment

2000 TPS-AU Assessment

Mean resource

Mean resource

Play name (number) (MMBOE) (MMBOE) TPS-AU name (number)
Upper Sunniland Tidal Shoal Oil (5001) 258
Lower Sunniland Fractured Dark 12
Carbonate Oil (5002) 279
[272.5 MMBO + Sunniland-Dollar Bay TPS (500101) -
Dollar Bay Shoal-Reef Dolomite Oil (5003) 67 29 BCFG (4.8 MMBOE) Lower Cretaceous Shoal-Reef
+1.7 MMBNGL] Oil AU (50010101)
Extended Upper Sunniland Tidal Shoal (5005) 28
Subtotal 365 279
Lower Cretaceous Carbonate Composite Oil (5004) 12 (79 ,\;1 63;3 o+ Pre-Punta Gorda TPS (500102) -
1,628 BCFG (271 MMBOE) Pre-Punta Gorda Dolomite
Wood River Dolomite Deep Gas (5006) not assessed + 73 MMBNGL] Gasand Cil hypothetical AU (50010201)
Subtotal 12 423
TOTAL 377 702
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Appendix A—Assessment Data Input, Lower Cretaceous
Shoal-Reef Oil Assessment Unit (50500101)

Introductory Statement

Contained in this Appendix are the detailed input characteristics, selected ancillary data, and country or other land-parcel
allocations of undiscovered resources for the Lower Cretaceous Shoal-Reef Qil assessment unit (50500101). These data were
used in the calculations of the undiscovered resources and may be of use to those pursuing further analysis of the results.

Seventh Approximation Data Form

SEVENTH APPROXIMATION
NATIONAL ASSESSMENT OF OIL AND GAS RESOURCES
DATA FORM FOR CONVENTIONAL ASSESSMENT UNITS

Dater....cooovvniieiinns 5/22/2000

Assessment Geologist:........ C.J. Schenk and R.M. Pollastro

Region:......ccoooviiiiiiiiiine North America Number: 5
Province:.......cccooviviininnn, Florida Peninsula Number: 5050
Total Petroleum System:...... South Florida Basin Sunniland/Dollar Bay Number: 505001
Assessment Unit:............... Lower Cretaceous Shoal-Reef Oil Number: 50500101
* Notes from Assessor Lower 48 Growth Function

CHARACTERISTICS OF ASSESSMENT UNIT

Oil (<20,000 cfg/bo overall) or Gas (>20,000 cfg/bo overall).... Qil
What is the minimum field size?.......... 0.5 mmboe grown (>1mmboe)

(the smallest field that has potential to be added to reserves in the next 30 years)

Number of discovered fields exceeding minimum size:............ Qil: 8 Gas: 0
Established (>13 fields) Frontier (1-13 fields) X Hypothetical (no fields)

Median size (grown) of discovered oil fields (mmboe):

1st half 19 2nd half 5.1
Median size (grown) of discovered gas fields (bcfg):

1st 3rd 2nd 3rd 3rd 3rd
Assessment-Unit Probabilities:

Attribute Probability of occurrence (0-1.0)

1. CHARGE: Adequate petroleum charge for an undiscovered field > minimum size.................. 1.0
2. ROCKS: Adequate reservoirs, traps, and seals for an undiscovered field > minimum size...... 1.0
3. TIMING OF GEOLOGIC EVENTS: Favorable timing for an undiscovered field > minimum size 1.0
Assessment-Unit GEOLOGIC Probability (Productof1,2,and 3):....................... 1.0

4. ACCESSIBILITY: Adequate location to allow exploration for an undiscovered field
> MUNIMUM SIZE.... ettt e et e e 1.0

UNDISCOVERED FIELDS
Number of Undiscovered Fields: How many undiscovered fields exist that are > minimum size?:
(uncertainty of fixed but unknown values)

QOil fields:......ccoveiiiiiiiiiiee, min. no. (>0) 2 median no. 25 max no. 75
Gasfields:.....cooeeiiiiiiiii min. no. (>0) median no. max no.

Size of Undiscovered Fields: What are the anticipated sizes (grown) of the above fields?:
(variations in the sizes of undiscovered fields)

Oilin oil fields (mmbo)...............ccccceee. min. size 0.5 median size 5 max. size 200
Gas in gas fields (bcfg):....ovvvveieiinianen. min. size median size max. size

Received by Florida DEP 8/18/2016



Assessment of Undiscovered Qil and Gas, Onshore and State Waters, South Florida Basin, Florida—USGS Province 50 37

Assessment Unit (name, no.)
Lower Cretaceous Shoal-Reef Oil, 50500101

AVERAGE RATIOS FOR UNDISCOVERED FIELDS, TO ASSESS COPRODUCTS
(uncertainty of fixed but unknown values)

Qil Fields: minimum median maximum
Gas/oil ratio (cfg/b0)........cccoveiiiiiiiiiiiien 50 100 200
NGL/gas ratio (bngl/mmcfg)...........ccevvnviinn. 30 60 90

Gas fields: minimum median maximum

Liquids/gas ratio (bngl/mmcfg)............c..ccceevennee
Oil/gas ratio (bo/mmcfg).........ccoevveiiniiniiinen.

SELECTED ANCILLARY DATA FOR UNDISCOVERED FIELDS
(variations in the properties of undiscovered fields)

Oil Fields: minimum median maximum
API gravity (degrees)..........cooceveiiiiiiinininanns 15 25 35
Sulfur content of Oil (%).......ccovvviiiiiiiiiieenne 0.5 1.5 4
Drilling Depth (M) ..o 2500 3500 4500
Depth (m) of water (if applicable)....................... 0 30 100

Gas Fields: minimum median maximum
Inert gas content (%)........covveeiiiiiiniien
CO,coNteNt (%0)..euevnenineieiiiie e

Hydrogen-sulfide content (%)...........c..covvuiinnenn.
Drilling Depth (M)......ovviiiiii,
Depth (m) of water (if applicable)......................
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Assessment Unit (name, no.)
Lower Cretaceous Shoal-Reef Oil, 50500101

ALLOCATION OF UNDISCOVERED RESOURCES IN THE ASSESSMENT UNIT
TO COUNTRIES OR OTHER LAND PARCELS (uncertainty of fixed but unknown values)

1. Florida represents 100 areal % of the total assessment unit

Oil in Qil Fields: minimum median maximum
Richness factor (unitless multiplier):.................. 1 1 1
Volume % in parcel (areal % x richness factor):... 100 100 100
Portion of volume % that is offshore (0-100%)...... 26 30 34

Gas in Gas Fields: minimum median maximum

Volume % in parcel (areal % x richness factor):...
Portion of volume % that is offshore (0-100%)......

2. Florida Peninsula, Province 50 represents 100 areal % of the total assessment unit

Qil in Ol Fields: minimum median maximum
Richness factor (unitless multiplier):.................. 1 1 1
Volume % in parcel (areal % x richness factor):... 100 100 100
Portion of volume % that is offshore (0-100%)...... 26 30 34

Gas in Gas Fields: minimum median maximum

Volume % in parcel (areal % x richness factor):...
Portion of volume % that is offshore (0-100%)......
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Appendix B—Assessment Data Input, Pre-Punta Gorda

Dolomite Oil and Gas Hypothetical Assessment Unit (50500201)

Introductory Statement

Contained in this Appendix are the detailed input characteristics, selected ancillary data, and country or other land-parcel
allocations of undiscovered resources for the Pre-Punta Gorda Dolomite Gas and Oil assessment unit (50500101). These data
were used in the calculations of the undiscovered resources and of may be of use to those pursuing further analysis of the

results.

Seventh Approximation Data Form

SEVENTH APPROXIMATION
NEW MILLENNIUM WORLD PETROLEUM ASSESSMENT
DATA FORM FOR CONVENTIONAL ASSESSMENT UNITS

D F | (S 5/22/2000
R.M. Pollastro and C.J. Schenk
North America Number: 5
Florida Peninsula Number: 5050
Total Petroleum System:...... South Florida Basin Pre-Punta Gorda Number: 505002
Assessment Unit:............... Pre-Punta Gorda Dolomite Gas and Oil Hypothetical Number: 50500201
* Notes from Assessor Plays 4910 and 4912 as analogs
CHARACTERISTICS OF ASSESSMENT UNIT
Oil (<20,000 cfg/bo overall) or Gas (>20,000 cfg/bo overall):... Gas
What is the minimum field size?.......... 0.5 mmboe grown (>1mmboe)
(the smallest field that has potential to be added to reserves in the next 30 years)
Number of discovered fields exceeding minimum size............. Qil: 0 Gas: 0
Established (>13 fields) Frontier (1-13 fields) Hypothetical (no fields) X
Median size (grown) of discovered oil fields (mmboe):
1st 3rd 2nd 3rd 3rd 3rd
Median size (grown) of discovered gas fields (bcfg):
1st 3rd 2nd 3rd 3rd 3rd
Assessment-Unit Probabilities:
Attribute Probability of occurrence (0-1.0)
1. CHARGE: Adequate petroleum charge for an undiscovered field > minimum size.................. 0.9
2. ROCKS: Adequate reservoirs, traps, and seals for an undiscovered field > minimum size...... 1.0
3. TIMING OF GEOLOGIC EVENTS: Favorable timing for an undiscovered field > minimum size 1.0
Assessment-Unit GEOLOGIC Probability (Productof1,2,and 3):................cc..... 0.9
4. ACCESSIBILITY: Adequate location to allow exploration for an undiscovered field
D 10110110 T T g I = 3PP 1.0
UNDISCOVERED FIELDS
Number of Undiscovered Fields: How many undiscovered fields exist that are > minimum size?:
(uncertainty of fixed but unknown values)
1 median no. 8 max no. 24
2 median no. 25 max no. 75
Size of Undiscovered Fields: What are the anticipated sizes (grown) of the above fields?:
(variations in the sizes of undiscovered fields)
Oil in oil fields (MMbO)...........c.cecvueenneee min. size 0.5 median size 4 max. size 300
Gas in gas fields (bcfg):......ooeveiiiiinnss min. size 3 median size 24 max. size 2000
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Assessment Unit (name, no.)
Pre-Punta Gorda Dolomite Hypothetical Gas and Oil, 50500201

AVERAGE RATIOS FOR UNDISCOVERED FIELDS, TO ASSESS COPRODUCTS
(uncertainty of fixed but unknown values)

Oil Fields: minimum median maximum
Gas/oil ratio (cfg/bo)........cooeviiiiiiii 500 1000 2000
NGL/gas ratio (bngl/mmcfg)............cccoiiiiiinnes 30 60 90

Gas fields: minimum median maximum
Liquids/gas ratio (bngl/mmcfg).............coeeeeninnn. 22 44 66

Oil/gas ratio (bo/mmcfg).........cccooviiiiiiiiiinns.

SELECTED ANCILLARY DATA FOR UNDISCOVERED FIELDS
(variations in the properties of undiscovered fields)

Oil Fields: minimum median maximum
API gravity (degrees)..........coeveieiiiiiiiiiiaann.. 20 35 50
Sulfur content of Oil (%).......ccvviiiiiiiii 0.5 1.5 4
Drilling Depth (M) ....ccovviiiii e 3200 4200 5200
Depth (m) of water (if applicable)....................... 0 30 100

Gas Fields: minimum median maximum
Inert gas content (%).......cooeoveiiiiiiiiii,

COzcontent (%0)...uvvenieieiieiiie e

Hydrogen-sulfide content (%)...........cccoveivieenen.

Drilling Depth (M)........cooviiiiiiiieen 4500 5500 6500
Depth (m) of water (if applicable)...................... 0 30 100
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Assessment Unit (name, no.)
Pre-Punta Gorda Dolomite Hypothetical Gas and Oil, 50500201

ALLOCATION OF UNDISCOVERED RESOURCES IN THE ASSESSMENT UNIT
TO COUNTRIES OR OTHER LAND PARCELS (uncertainty of fixed but unknown values)

1. Florida represents 100  areal % of the total assessment unit

Oil in Oil Fields: minimum median maximum
Richness factor (unitless multiplier):.................. 1 1 1
Volume % in parcel (areal % x richness factor):... 100 100 100
Portion of volume % that is offshore (0-100%)...... 33 36 39

Gas in Gas Fields: minimum median maximum
Richness factor (unitless multiplier):................... 1 1 1
Volume % in parcel (areal % x richness factor):... 100 100 100
Portion of volume % that is offshore (0-100%)...... 33 36 39

2. Florida Peninsula, Province 50 represents 100 areal % of the total assessment unit

Oil in Oil Fields: minimum median maximum
Richness factor (unitless multiplier):.................. 1 1 1
Volume % in parcel (areal % x richness factor):... 100 100 100
Portion of volume % that is offshore (0-100%)...... 33 36 39

Gas in Gas Fields: minimum median maximum
Richness factor (unitless multiplier):.................. 1 1 1
Volume % in parcel (areal % x richness factor):... 100 100 100
Portion of volume % that is offshore (0-100%)...... 33 36 39
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Appendix C—Monte Carlo Assessment Qutput—Lower Cretaceous
Shoal-Reef Oil Assessment Unit (50500101)

Introductory Statement

Contained in this Appendix are detailed descriptions of the probability distributions of the results of the assessment of
AU 50500101, the Lower Cretaceous Shoal-Reef Oil assessment unit. These details may be of use to those pursuing further
analysis of the results. Each distribution is documented by two pages. On the first page are the distribution parameters, most
importantly the mean, as well as a graph of the probability density function. The second page lists the percentiles (fractiles)
of the distribution at 5-percent intervals.

Also included in Appendix C are the descriptions of probability distributions of the input based on the input parameters
documented in Appendix A. Each of the distributions used in calculating the results is documented by its parameters and a graph
of the probability density function. Note that, for the distribution of size of undiscovered oil fields, the parameters of both the
shifted and unshifted lognormal distributions are given. The accompanying graph is that of the unshifted distribution.

Forecast Results

Forecast: Oil in Undiscovered Oil Fields

Summary:
Display range is from 0.00 to 800.00 MMBO
Entire range is from 3.36 to 1,143.91 MMBO
After 50,000 trials, the standard error of the mean is 0.81

Statistics: Value
Trials 50000
Mean 272.54
Median 238.94
Mode -
Standard Deviation 180.93
Variance 32,734.41
Skewness 0.78
Kurtosis 3.13
Coefficient of Variability 0.66
Range Minimum 3.36
Range Maximum 1,143.91
Range Width 1,140.55
Mean Standard Error 0.81

Forecast: Qil in Oil Fields
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Forecast: Oil in Undiscovered Oil Fields (cont'd)

Percentiles:
Percentile MMBO
100% 3.36
95% 43.22
90% 65.14
85% 84.89
80% 104.04
75% 125.05
70% 146.28
65% 168.20
60% 191.06
55% 213.83
50% 238.94
45% 263.99
40% 291.61
35% 320.88
30% 353.73
25% 390.37
20% 428.25
15% 474.42
10% 532.37
5% 615.03
0% 1,143.91

End of Forecast
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Forecast: Gas in Undiscovered Oil Fields

Summary:
Display range is from 0.00 to 90.00 BCFG
Entire range is from 0.30 to 174.06 BCFG
After 50,000 trials, the standard error of the mean is 0.10

Statistics: Value
Trials 50000
Mean 28.78
Median 23.36
Mode -
Standard Deviation 22.05
Variance 486.35
Skewness 1.36
Kurtosis 5.30
Coefficient of Variability 0.77
Range Minimum 0.30
Range Maximum 174.06
Range Width 173.76
Mean Standard Error 0.10

Forecast: Gas in Oil Fields
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Forecast: Gas in Undiscovered Oil Fields (cont'd)

Percentiles:
Percentile BCFG
100% 0.30
95% 4.05
90% 6.15
85% 8.1
80% 10.05
75% 12.03
70% 14.06
65% 16.23
60% 18.51
55% 20.90
50% 23.36
45% 26.02
40% 28.95
35% 32.11
30% 35.61
25% 39.79
20% 44.62
15% 50.69
10% 59.16
5% 72.43
0% 174.06

End of Forecast
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Forecast: NGL in Undiscovered Qil Fields

Summary:

Statistics:

Display range is from 0.00 to 5.50 MMBNGL
Entire range is from 0.02 to 12.57 MMBNGL
After 50,000 trials, the standard error of the mean is 0.01

Trials

Mean

Median

Mode

Standard Deviation
Variance

Skewness

Kurtosis

Coefficient of Variability
Range Minimum
Range Maximum
Range Width

Mean Standard Error

Forecast: NGL in Oil Fields
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Forecast: NGL in Undiscovered Oil Fields (cont'd)

Percentiles:
Percentile MMBNGL
100% 0.02
95% 0.23
90% 0.35
85% 0.46
80% 0.58
75% 0.69
70% 0.81
65% 0.94
60% 1.07
55% 1.21
50% 1.36
45% 1.52
40% 1.69
35% 1.89
30% 2.10
25% 2.37
20% 2.68
15% 3.07
10% 3.60
5% 4.52
0% 12.57

End of Forecast
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Forecast: Largest Undiscovered Qil Field

Summary:
Display range is from 0.00 to 175.00 MMBO
Entire range is from 1.86 to 200.00 MMBO
After 50,000 trials, the standard error of the mean is 0.17

Statistics: Value
Trials 50000
Mean 55.94
Median 46.51
Mode -
Standard Deviation 37.06
Variance 1,373.67
Skewness 1.29
Kurtosis 4.59
Coefficient of Variability 0.66
Range Minimum 1.86
Range Maximum 200.00
Range Width 198.13
Mean Standard Error 0.17

Forecast: Largest Oil Field
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Forecast: Largest Undiscovered Oil Field (cont'd)

Percentiles:
Percentile MMBO
100% 1.86
95% 13.51
90% 18.30
85% 22.22
80% 25.75
75% 29.15
70% 32.45
65% 35.71
60% 39.12
55% 42.76
50% 46.51
45% 50.66
40% 55.01
35% 60.01
30% 65.81
25% 72.75
20% 81.30
15% 92.31
10% 108.16
5% 133.76
0% 200.00

End of Forecast
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Assumptions

Assumption: Number of Undiscovered Oil Fields

Triangular distribution with parameters:

Minimum 2
Likeliest 7
Maximum 75

Selected range is from 2 to 75
Mean value in simulation was 28

Number of Oil Fields

Assumption: Sizes of Undiscovered Oil Fields

Lognormal distribution with parameters: Shifted parameters
Mean 9.55 10.05
Standard Deviation 17.89 17.89

Selected range is from 0.00 to 199.50 0.50 to 200.00

Mean value in simulation was 9.25 9.75

Assumption: Sizes of Undiscovered Oil Fields (cont'd)

Sizes of Oil Fields

0.11 44.75 89.38 134.01 178.64
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Assumption: GOR in Undiscovered Oil Fields

Triangular distribution with parameters:

Minimum 50.00
Likeliest 66.67
Maximum 200.00

Selected range is from 50.00 to 200.00
Mean value in simulation was 105.57

GOR in Qil Fields

50.00 87.50 125.00 162.50 200.00

Assumption: LGR in Undiscovered Oil Fields

Triangular distribution with parameters:

Minimum 30.00
Likeliest 60.00
Maximum 90.00

Selected range is from 30.00 to 90.00
Mean value in simulation was 59.94

LGR in Oil Fields

30.00 45.00 60.00 75.00 90.00
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Appendix D—Monte Carlo Assessment Qutput—Pre-Punta Gorda
Dolomite Oil and Gas Hypothetical Assessment Unit (50500201)

Introductory Statement

Contained in this Appendix are detailed descriptions of the probability distributions of the results of the assessment of
AU 50500201, the Pre-Punta Gorda Dolomite Gas and Oil hypothetical assessment unit. These details may be of use to those
pursuing further analysis of the results. All distributions in this Appendix are fully risked. They include the probability of there
being no oil or gas fields of minimum size or larger. Each distribution is documented by two pages. On the first page are the
distribution parameters, most importantly the mean, as well as a graph of the probability density function. The second page lists
the percentiles (fractiles) of the distribution at 5-percent intervals.

Also included in Appendix D are the descriptions of probability distributions of the input based on the input parameters
documented in Appendix B. Each of the distributions used in calculating the results is documented by its parameters and a graph
of the probability density function. Note that, for the distribution of size of undiscovered oil fields and for the distribution of size
of undiscovered gas fields, the parameters of both the shifted and unshifted lognormal distributions are given. The accompanying
graph is that of the unshifted distribution.

Forecast Results

Forecast: Geologic-Risked Oil in Undiscovered QOil Fields

Summary:
Display range is from 0.00 to 300.00 MMBO
Entire range is from 0.00 to 786.78 MMBO
After 50,000 trials, the standard error of the mean is 0.35

Statistics: Value
Trials 50000
Mean 78.69
Median 57.50
Mode 0.00
Standard Deviation 77.35
Variance 5,982.29
Skewness 1.63
Kurtosis 6.73
Coefficient of Variability 0.98
Range Minimum 0.00
Range Maximum 786.78
Range Width 786.78
Mean Standard Error 0.35

Forecast: G-Risked QOil in Qil Fields
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Forecast: Geologic-Risked Qil in Undiscovered Oil Fields (cont'd)

Percentiles:
Percentile MMBO
100% 0.00
95% 0.00
90% 0.00
85% 7.82
80% 13.81
75% 20.27
70% 26.87
65% 33.77
60% 41.00
55% 49.13
50% 57.50
45% 66.77
40% 77.07
35% 87.80
30% 100.54
25% 114.85
20% 131.77
15% 152.18
10% 181.41
5% 231.16
0% 786.78

End of Forecast
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Forecast: Geologic-Risked Gas in Undiscovered Qil Fields

Summary:
Display range is from 0.00 to 350.00 BCFG
Entire range is from 0.00 to 959.60 BCFG
After 50,000 trials, the standard error of the mean is 0.40

Statistics: Value
Trials 50000
Mean 83.25
Median 56.30
Mode 0.00
Standard Deviation 90.17
Variance 8,129.94
Skewness 213
Kurtosis 9.84
Coefficient of Variability 1.08
Range Minimum 0.00
Range Maximum 959.60
Range Width 959.60
Mean Standard Error 0.40

Forecast: G-Risked Gas in Qil Fields
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Forecast: Geologic-Risked Gas in Undiscovered Oil Fields (cont'd)

Percentiles:
Percentile BCFG
100% 0.00
95% 0.00
90% 0.00
85% 7.42
80% 13.37
75% 19.33
70% 25.86
65% 32.59
60% 39.80
55% 47.79
50% 56.30
45% 65.54
40% 76.03
35% 87.92
30% 101.37
25% 117.29
20% 135.85
15% 160.51
10% 196.84
5% 259.78
0% 959.60

End of Forecast
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Forecast: Geologic-Risked NGL in Undiscovered Oil Fields

Summary:
Display range is from 0.00 to 20.00 MMBNGL
Entire range is from 0.00 to 68.38 MMBNGL
After 50,000 trials, the standard error of the mean is 0.03

Statistics: Value
Trials 50000
Mean 4.99
Median 3.27
Mode 0.00
Standard Deviation 5.64
Variance 31.84
Skewness 2.41
Kurtosis 12.36
Coefficient of Variability 1.13
Range Minimum 0.00
Range Maximum 68.38
Range Width 68.38
Mean Standard Error 0.03

Forecast: G-Risked NGL in Oil Fields
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Forecast: Geologic-Risked NGL in Undiscovered Qil Fields (cont'd)

Percentiles:
Percentile MMBNGL
100% 0.00
95% 0.00
90% 0.00
85% 0.43
80% 0.76
75% 1.1
70% 1.48
65% 1.88
60% 2.30
55% 2.77
50% 3.27
45% 3.83
40% 4.45
35% 5.14
30% 5.95
25% 6.92
20% 8.09
15% 9.62
10% 11.89
5% 15.94
0% 68.38

End of Forecast
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Forecast: Largest Undiscovered Oil Field

Summary:
Display range is from 0.00 to 150.00 MMBO
Entire range is from 0.52 to 299.61 MMBO
After 50,000 trials, the standard error of the mean is 0.18

Statistics: Value
Trials 50000
Mean 38.61
Median 25.43
Mode
Standard Deviation 41.02
Variance 1,682.59
Skewness 2.52
Kurtosis 11.14
Coefficient of Variability 1.06
Range Minimum 0.52
Range Maximum 299.61
Range Width 299.09
Mean Standard Error 0.18

Forecast: Largest Oil Field
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Forecast: Largest Undiscovered Oil Field (cont'd)

Percentiles:
Percentile MMBO
100% 0.52
95% 4.04
90% 6.44
85% 8.54
80% 10.66
75% 12.87
70% 15.06
65% 17.43
60% 19.87
55% 22.53
50% 25.43
45% 28.60
40% 32.31
35% 36.65
30% 41.87
25% 48.15
20% 56.48
15% 68.23
10% 86.26
5% 121.61
0% 299.61

End of Forecast
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Forecast: Geologic-Risked Gas in Undiscovered Gas Fields

Summary:

Display range is from 0.00 to 5,000.00 BCFG
Entire range is from 0.00 to 8,837.54 BCFG
After 50,000 trials, the standard error of the mean is 5.66

Statistics: Value
Trials 50000
Mean 1,545.41
Median 1,288.97
Mode 0.00
Standard Deviation 1,266.44
Variance HHHEHHHHE
Skewness 0.91
Kurtosis 3.56
Coefficient of Variability 0.82
Range Minimum 0.00
Range Maximum 8,837.54
Range Width 8,837.54
Mean Standard Error 5.66
i Forecast: G-Risked Gas in Gas Fields
i 50,000 Trials Frequency Chart 648 Outliers
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- :\
p T[T g
= | ] o
T S
B 1 : 3
D 02t - 2
! 000+ ), v ! v ; v ! S (7‘ 0
i 0.00 1,250.00 2,500.00 3,750.00 5,000.00

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Received by Florida DEP 8/18/2016



Assessment of Undiscovered Qil and Gas, Onshore and State Waters, South Florida Basin, Florida—USGS Province 50 61

Forecast: Geologic-Risked Gas in Undiscovered Gas Fields (cont'd)

Percentiles:
Percentile BCFG
100% 0.00
95% 0.00
90% 0.00
85% 240.93
80% 383.88
75% 522.23
70% 662.26
65% 808.38
60% 959.29
55% 1,116.40
50% 1,288.97
45% 1,471.04
40% 1,662.65
35% 1,866.24
30% 2,091.40
25% 2,325.76
20% 2,594.55
15% 2,922.48
10% 3,330.87
5% 3,951.48
0% 8,837.54

End of Forecast
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Forecast: Geologic-Risked Liquids in Undiscovered Gas Fields

Summary:
Display range is from 0.00 to 225.00 MMBNGL
Entire range is from 0.00 to 509.88 MMBNGL
After 50,000 trials, the standard error of the mean is 0.26

Statistics: Value
Trials 50000
Mean 68.01
Median 54.77
Mode 0.00
Standard Deviation 58.54
Variance 3,426.85
Skewness 1.15
Kurtosis 4.49
Coefficient of Variability 0.86
Range Minimum 0.00
Range Maximum 509.88
Range Width 509.88
Mean Standard Error 0.26

Forecast: G-Risked NGL in Gas Fields
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Forecast: Geologic-Risked Liquids in Undiscovered Gas Fields (cont'd)

Percentiles:
Percentile MMBNGL
100% 0.00
95% 0.00
90% 0.00
85% 10.13
80% 16.24
75% 22.01
70% 27.84
65% 34.22
60% 40.55
55% 47.43
50% 54.77
45% 62.73
40% 71.21
35% 79.93
30% 89.94
25% 100.63
20% 113.14
15% 128.54
10% 149.60
5% 181.55
0% 509.88

End of Forecast

Received by Florida DEP 8/18/2016



64 Petroleum Systems and Assessment of the South Florida Basin

Forecast: Largest Undiscovered Gas Field

Summary:
Display range is from 0.00 to 1,500.00 BCFG
Entire range is from 6.25 to 1,999.94 BCFG
After 50,000 trials, the standard error of the mean is 1.63

Statistics: Value
Trials 50000
Mean 452.11
Median 345.64
Mode -
Standard Deviation 364.20
Variance R
Skewness 1.60
Kurtosis 5.67
Coefficient of Variability 0.81
Range Minimum 6.25
Range Maximum 1,999.94
Range Width 1,993.69
Mean Standard Error 1.63

Forecast: Largest Gas Field
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Forecast: Largest Undiscovered Gas Field (cont'd)

Percentiles:
Percentile BCFG
100% 6.25
95% 76.48
90% 110.53
85% 140.14
80% 168.25
75% 195.63
70% 22212
65% 249.79
60% 279.49
55% 310.89
50% 345.64
45% 383.94
40% 424.71
35% 471.72
30% 526.95
25% 592.77
20% 674.07
15% 783.84
10% 945.60
5% 1,232.37
0% 1,999.94

End of Forecast
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Assumptions

Assumption: Number of Undiscovered Oil Fields

Triangular distribution with parameters:

Minimum 1
Likeliest 2
Maximum 24

Selected range is from 1 to 24
Mean value in simulation was 9

Number of Qil Fields

Probability
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Assumption: Sizes of Undiscovered Oil Fields

Lognormal distribution with parameters: Shifted parameters
Mean 9.87 10.37
Standard Deviation 26.02 26.02

Selected range is from 0.00 to 299.50 0.50 to 300.00

Mean value in simulation was 9.38 9.88

Assumption: Sizes of Undiscovered Oil Fields (cont'd)

Sizes of Qil Fields

Probability

0.05 65.81 131.57 197.33 263.10
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Assumption: GOR in Undiscovered Oil Fields

Triangular distribution with parameters:

Minimum 500.00
Likeliest 666.67
Maximum 2,000.00

Selected range is from 500.00 to 2,000.00
Mean value in simulation was 1,056.58

GOR in Oil Fields

Probability

500.00 875.00 1,250.00 1,625.00 2,000.00

Assumption: LGR in Undiscovered Oil Fields

Triangular distribution with parameters:

Minimum 30.00
Likeliest 60.00
Maximum 90.00

Selected range is from 30.00 to 90.00
Mean value in simulation was 59.91

LGR in Oil Fields

Probability

30.00 45.00 60.00 75.00 90.00
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Assumption: Number of Undiscovered Gas Fields

Triangular distribution with parameters:

Minimum 2
Likeliest 7
Maximum 75

Selected range is from 2 to 75
Mean value in simulation was 28

Assumption: Number of Undiscovered Gas Fields (cont'd)

Number of Gas Fields

Probability
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1995 USGS National Oil and Gas Play-Based
Assessment of the South Florida Basin,

Florida Peninsula Province

By Richard M. Pollastro

Overview

The Florida Peninsula, USGS Province 50, as defined by
the 1995 USGS National Oil and Gas Assessment (Gautier and
others, 1995), includes all of the State of Florida east of the
Apalachicola River and the adjoining State waters; the part
of the Florida panhandle west of the Apalachicola River is
part of Province 49 (fig. 1). The boundary in the panhandle
between Province 50 and Province 49 is a generally north-
south-trending line between the counties of Gadsden, Liberty,
and Franklin to the east and the counties of Jackson, Calhoun,
and Gulf to the west. Province 50, inclusive of State waters,
is approximately 150 mi wide and about 400 mi long totaling
about 60,000 mi?. It is bounded to the north by the State
boundary with Georgia and to the east, south, and southwest
by the boundaries of Florida State waters. The State water
boundaries extend to 10.36 statute miles on the Gulf of Mexico
side of Florida and to 3 miles on the Atlantic Ocean side
(the Gulf-Atlantic boundary line extends westward from the
Marquesas Keys along lat 24°35’N., and then turns southward,
just west of the Dry Tortugas, along the 83rd west meridian)
(fig. ).

Six conventional hydrocarbon plays were delineated in
the South Florida Basin of Province 50 (fig. 2) for the purposes
of the 1995 USGS National Oil and Gas Assessment (Gautier
and others, 1995; Pollastro and Viger, 1998). The Upper Sun-
niland Tidal Shoal Oil play (5001) and the Lower Sunniland
Fractured “Dark Carbonate” Oil play (5002) are confirmed
plays. At the time of the 1995 National Oil and Gas Assess-
ment, about 103 million barrels of oil (MMBO) had been
produced from these known plays.

The remaining four plays in the 1995 assessment are
hypothetical. They are the Dollar Bay Shoal-Reef Dolomite
Oil play (5003), the Lower Cretaceous Carbonate Composite
Oil play (5004), the Extended Upper Sunniland Tidal Shoal
Oil play (5005), and the Wood River Dolomite Deep Gas play
(5006). The easternmost portion of the Smackover Alabama/
Florida Updip Oil play (4911) also extends into the Florida
Peninsula Province but has been assigned to the Louisiana-
Mississippi Salt Basins Province 49; therefore, this play is not

shown or defined in this report.

About 370 MMB of undiscovered oil were estimated in
the assessment using a play-based methodology from the five
plays of the South Florida Basin; an additional 57.5 billion
cubic feet of gas (BCFG) or 10 million barrels of oil equivalent
(MMBOE) were estimated as gas in oil fields (table 1). Most
of the 370 MMBO was from the Lower Cretaceous Sunniland
Formation with the two Upper Sunniland Tidal Shoal Oil
plays (5001, 5005) estimated to contain 281 million barrels of
undiscovered oil.

In 2000, the South Florida Basin was again assessed
using the total-petroleum-system method, an approach to
assessment of undiscovered oil and gas outlined in detail by
the U.S. Geological Survey World Energy Assessment Team
(2000). In the total-petroleum-system method, the assessment
unit (a subset of the total petroleum system) is used rather than
the play as the basic unit to assess the volume of undiscovered
oil and gas. The results of the 2000 USGS assessment of
the South Florida Basin using the total petroleum system are
described in an accompanying report on this CD-ROM.

Hydrocarbon Play Descriptions

Play 5001—Upper Sunniland
Tidal Shoal Qil Play

Known only in the subsurface, the Lower Cretaceous
Sunniland Formation is the basal unit of the Ocean Reef Group
(fig. 2). Onshore, the formation is relatively uniform in thick-
ness and consists of limestone, dolomite, and anhydrite. The
upper part of the Sunniland Formation produces heavy, mar-
ginally mature varieties of crude oil onshore from porous bio-
clastic debris mounds, banks, and pods on the eastern margin
of the South Florida Basin. The region of productive reservoir
facies of the upper Sunniland Formation is defined in part by
eight fields that have either produced more than one million
barrels of oil (MMBO), or have estimated ultimate recoveries
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Table 1. Summary of results of 1995 National Qil and Gas Assessment of undiscovered oil and gas by play, Florida Peninsula Province.

[Play 5006 was highly risked and, thus, not assessed. MMBO, million barrels of oil; BCFG, billion cubic feet of gas]

Size of undiscovered accumulations (MMBO)

Play number 5001
Median 15

Fs largest 110
Mean 22.4

Number of undiscovered accumulations

Play number 5001
Minimum 2
Median 8
Maximum 30
Mean 11.3

5002 5003 5004
2 10 2
8 65 20
2.5 13.9 3.1
5002 5003 5004
1 1
4 8 8
20 40 20
4.8 4.8 34

Estimate of undiscovered oil in oil fields (MMBO)

Play number 5001
I8l 20.6
IFisg 172.8
Fs 594.9
Mean 253.7

5002 5003 5004
0 0 0
6.9 0 0
42.8 387.5 50.3
12.2 66.2 10.7

Estimate of undiscovered gas in oil fields (BCFG)

Play number 5001
Fos 1.73

Fs, 14.52
F; 61.87
Mean 21.30

5002 5003 5004
0 0 0
0.58 0 0
3.60 31.00 25.15
1.00 5.30 15.30
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1995 USGS National Qil and Gas Play-Based Assessment of the South Florida Basin, Florida Peninsula Province 5

(EUR) of at least ] MMBO, and five additional smaller

fields. When combined, these fields form an arcuate northwest-
southeast trend, the “Sunniland trend,” which is about 20 mi
wide and 150 mi long (fig. 3). Generally, the updip limit of the
Sunniland is about 50 to 60 miles northeast of the producing
trend. The first upper Sunniland Formation oil field discovery
was the Sunniland field in 1943; the largest oil field is the West
Felda, discovered in 1966, with total production (through July
1993) of more than 44 MMBO. Cumulative production for all
upper Sunniland Formation reservoirs through July 1993 was
about 103 MMBO.

The northern and updip play boundary for the Upper
Sunniland Tidal Shoal Oil play (5001) is delineated by an
area in which the upper Sunniland Formation consists of only
micritic limestone and contains no reservoir mounds within
its intertidal lagoonal-mudflat facies. Moreover, the lower part
of the Sunniland dark carbonate source rock is absent. The
downdip southern boundary of the play is delineated by an
area where wells penetrate an anhydrite-cemented, nonporous
sabkha-like facies (fig. 3).

The reservoir facies in the upper Sunniland Formation
consist of isolated fossil-shell hash (skeletal grainstones) that
may represent storm deposition as shoals in a regionally
restricted, back-reef lagoonal area in the warm, shallow
marine-shelf setting of the eastern South Florida Basin during
the late Early Cretaceous (Mitchell-Tapping, 1987). These
tidal shoals were deposited on subtle bathymetric highs that
were probably related to underlying basement structure. Later,
the upper portions of these porous shoal mounds were subaeri-
ally exposed, leached, and dolomitized during a low sea-level
stand, further enhancing the reservoir quality of the upper
porous zones. Individual debris mounds are about 40 to 100 ft
thick (Means, 1977; Montgomery, 1987). Depth to the upper
Sunniland Formation tidal shoal reservoir rocks in the produc-
ing trend is about 11,200 to 11,600 ft. Most mounds are sealed
by overlying impermeable lagoonal mudstones and wacke-
stones, some of which have been dolomitized. Porosities of
primary (interparticle) and secondary (dissolution and dolomi-
tization) origin range from 10 to 25 percent and average 15
to 18 percent (Mitchell-Tapping, 1987). Impermeable micritic
carbonate and nodular anhydrite beds within the upper Sun-
niland Formation enclose and seal many of the individual
porous reservoir mounds. Moreover, the entire Sunniland For-
mation is sealed above and below by thick anhydrite units (fig.
2). Most hydrocarbon traps are stratigraphic; however, some
mixed stratigraphic/structural traps are present.

The different types of crude oils produced from the grain-
stone units of the upper Sunniland Formation are immature,
having API gravities that range from about 21° to 28° and
average 25°-26°; the average gas-oil ratio (GOR) is about
85:1 (Palacas and others, 1984; Tootle, 1991). The source
rocks are a dark, micritic carbonate unit (informally referred
to as the “dark carbonate” interval) in the lower part of the
Sunniland Formation. These micritic carbonates are commonly
algal laminated and have total organic carbon (TOC) ranging
from less than 0.4 to 3.0 weight percent. Potential source rocks

(as identified by more than 0.4 weight percent TOC) average
1.8 weight percent TOC. More than 80 percent of the organic
matter in these source rocks is composed of algal-amorphous
(oil-prone) kerogen (Palacas, 1984; Palacas and others, 1984).
The hydrocarbon-generating potential of the lower Sunniland
dark carbonate facies ranges from poor in wells located updip
from the producing trend, to good in wells located just down-
dip, to excellent near the depocenter of the basin (Applegate
and Pontigo, 1984). Onshore, the dark carbonate facies varies
in thickness from zero at the updip limit of the Sunniland
Formation to more than 150 ft in the producing trend. Oil
produced from reservoirs in the Sunniland trend was probably
generated downdip where the organic matter in the dark car-
bonate facies is more abundant and more mature. The petro-
leum then migrated updip and accumulated in the porous
grainstone facies of the upper Sunniland (Palacas and others,
1984).

Exploration and development of the upper Sunniland For-
mation has been minimal based on the drilling history and
well distribution within the play area. The eight oil fields in
the upper Sunniland Formation that have produced, or have
EUR’s, more than 1 MMBO are Bear Island, Corkscrew, West
Felda, Lehigh Park, Mid-Felda, Raccoon Point, Sunniland, and
Sunoco-Felda. Historical data for these eight accumulations
are plotted in figure 4 and figure 5 showing relations among
known accumulation size, number of exploratory wells, date
of discovery, and cumulative known volume. At least three
of these eight fields are located in the Big Cypress Swamp
drainage and (or) National Reserve, an area of critical environ-
mental concern (Lloyd, 1992). Sensitive environmental and
political issues in south Florida have likely discouraged full
resource development; however, the success of wells drilled in
the past few decades, indicate that the Upper Sunniland Tidal
Shoal Oil play has good potential.

The 1995 USGS Assessment estimated undiscovered oil
accumulations in the Upper Sunniland play along the main
fairway trend (5001) to be of moderate size, having a median
size of 15 MMBO and total undiscovered oil estimated at
about 254 million barrels (table 1).

Play 5002—Lower Sunniland
Fractured “Dark Carbonate” Oil Play

The existence of the Lower Sunniland Fractured “Dark
Carbonate” Oil play is based on the discovery of the Lake
Trafford field in Collier County. Lake Trafford field is located
immediately southeast of Corkscrew field (fig. 6). The dark
carbonate unit of the lower part of the Sunniland Formation is
believed to contain the primary source beds for oil produced
in the tidal shoal grainstone units of the upper part of the
Sunniland Formation (plays 5001 and 5005). Although no
minimum size (more than 1 MMBO) oil accumulations were
proven, the one discovery well (Mobil Oil Corporation; spud-
ded March 1969) used to define the Lake Trafford field
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8 Petroleum Systems and Assessment of the South Florida Basin

produced commercial quantities of oil from fractured lime-
stone at a depth of about 11,800 ft. The producing zone is
commonly referred to as the “rubble zone” of the dark carbon-
ate unit in the lower Sunniland Formation (Means, 1977). The
matrix porosity of the producing zone, as measured by well
logs, is about 9 volume percent, and the pore space is oil
saturated. Core recovered from the rubble zone in the discov-
ery well was described as burrowed, fractured, and stylolitized
(Lloyd, 1992); these characteristics would increase the poros-
ity and permeability of the rocks, thus increasing the likeli-
hood of commercial production from them. In March 1988, the
discovery well was shut in after producing about 278,000 bar-
rels of oil. Two offset vertical wells, located to the northwest
and south of the producing well, and a recent horizontal test
well were dry holes. Based on the production history of the
one vertical well, horizontal wells penetrating the rubble zone
of the dark carbonate unit are estimated to produce a few
hundred barrels of oil per day. Owner/operator Brian Richter
(oral commun., 1994) reported that the horizontal test well
missed the targeted pay zone; however, subsequent successful
horizontal tests have reopened the field.

The play boundary is defined by two factors: (1) the
thickness of the dark carbonate unit, partly determined from
the examination of cross sections and observations of struc-
tural isopachs (Applegate and Pontigo, 1984), and (2) evi-
dence (in core recoveries from reference wells) (Lloyd, 1992;
Mitchell-Tapping, 1984) of the presence of rocks that possess
favorable source-rock characteristics and either the presence of
the rubble zone or evidence of fracturing (Montgomery, 1987).
This play is assigned moderate potential for undiscovered oil
resources. The area of the play that has the best potential for
undiscovered oil resources is northwest of the Lake Trafford
field. Expected depths of production within the play area are
estimated between 10,000 and 13,000 ft, with a median depth
of about 11,800 ft. Potentially productive fractured reservoir
rocks are present in the lower dark carbonate zone of the
lower Sunniland Formation and are enclosed by impermeable,
micritic, tidal-flat, lime mudstones. The unit is sealed below by
the Punta Gorda Anhydrite.

Indigenous hydrocarbons are produced from brown and
medium-dark-gray micritic and argillaceous limestones whose
total carbonate content average 76 weight percent and range
from 50 to 98 weight percent. These micritic carbonates are
commonly algal laminated and have TOC values ranging from
less than 0.4 to 3.0 weight percent. Potential source beds (more
than 0.4 weight percent TOC) within the unit average about 1.8
weight percent TOC. Oil produced from the well in the Lake
Trafford field has an API gravity of about 26°, similar to oil
in upper Sunniland producing wells (API gravity ranging from
21° to 28°). Inasmuch as oils in the upper Sunniland Formation
are derived from source rocks in the lower dark carbonate, the
similarity in API gravities is to be expected. Similarly, lower
Sunniland oils are expected to have a GOR range similar to
that of upper Sunniland oils (about 80:1 to 100:1).

Median size for undiscovered fields of the dark carbonate
play was estimated at 2.5 MMBO with a mean total undiscov-

ered oil resource estimated at 12.2 million barrels (table 1).

Play 5003—Dollar Bay Shoal-Reef
Dolomite Qil Play

The delineation of the hypothetical Dollar Bay Shoal-
Reef Dolomite Oil play (fig. 7) is based on (1) interpretations
of well-log data obtained from a series of onshore wells report-
ing numerous shows (Winston, 1971) and (2) the paleoenvi-
ronmental reconstructions of Winston (1971) and Mitchell-
Tapping (1990) of the reservoir tidal shoal and patch reef
facies; the data of Faulkner and Applegate (1986) were also
used to delineate this play.

In the onshore portion of the South Florida Basin, the
youngest formation that shows characteristics favorable for
petroleum generation and accumulation is the Lower Creta-
ceous Dollar Bay Formation, the uppermost unit of the Big
Cypress Group (fig. 2). The unit lies 1,500 ft or more above
the Sunniland Formation and is as much as 620 ft thick in
some parts of the basin. Onshore, the unit ranges in thickness
from about 475 ft to 550 ft. Many wells penetrating the Dollar
Bay Formation in south Florida have reported low-gravity
(about 17° API) oil shows or tarry residues in both limestone
biohermal deposits and an upper dolomite section; however,
there has been no commercial production from this play.

Like the Sunniland Formation, the Dollar Bay commonly con-
sists of evaporite-carbonate cycles of anhydrite, dolomite, and
limestone. These evaporite-carbonate beds formed during a
transgressive-regressive cycle; some thin beds of calcareous
shale, salt, and lignite are also present (Applin and Applin,
1965; Mitchell-Tapping, 1990). In certain areas of the basin,
however, limestone is the dominant lithology of the formation.
Speculative production in the Dollar Bay Formation will be
from leached limestone units in the middle part of the forma-
tion or from a dolomite section in the upper part of the forma-
tion.

Mitchell-Tapping (1990) stated that reservoirs exist
in tidal shoal deposits and patch reefs in a tidal flat,
lagoonal, restricted-marine setting, and in a subtidal platform,
open-marine setting. Potential reservoirs include (1) porous,
leached, and dolomitized grainstone units in the upper portions
of isolated debris mounds, (2) isolated patch reefs in the
middle part of the Dollar Bay Formation, and (3) a porous
dolomite unit in the upper part of the formation (Mitchell-Tap-
ping, 1990). These potential reservoirs have measured porosi-
ties of about 10-30 percent and permeabilities of about 5-60
millidarcies. Traps are created because these reservoirs are
draped with impermeable, micritic, tidal-flat, and in some
cases argillaceous lime mudstone units and anhydrite. The
formation is underlain by thick, dense nodular and nodular-
mosaic anhydrite units of the Gordon Pass Formation.

Oil and tarry residues recorded in wells that penetrate
the Dollar Bay Formation are believed to originate within
the formation (Palacas, 1978a, 1978b; Winston, 1971). The
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1995 USGS National Qil and Gas Play-Based Assessment of the South Florida Basin, Florida Peninsula Province 1"

organic-matter content of the Dollar Bay Formation ranges
from very lean to fairly rich, with some beds containing more
than 3 weight percent TOC; the average TOC of the Dollar
Bay is about 0.6 weight percent (Palacas, 1978a, 1978b). Most
petroleum explorationists infer that rocks of the Dollar Bay
Formation located updip and to the northeast of the Sunniland
trend are thermally immature and probably have not generated
hydrocarbons of commercial quality and quantity (Montgom-
ery, 1987). Others strongly disagree, however, and predict that
the Dollar Bay Formation has been overlooked and should

be a considered a primary oil target with good resource poten-
tial (Winston, 1971; Palacas, 1978a, 1978b; Mitchell-Tapping,
1990).

Offshore, in the more central portion of the basin where
the Dollar Bay Formation lies at depths of more than 10,000 ft,
the formation rocks should be more thermally mature. Based
on one major show that consisted of 15 ft of free oil, API
gravity measured 17° at a depth of about 10,000 ft. Thus,

API gravities of oil from this play are expected to be low

and probably range from 15° to 20° (Mitchell-Tapping, 1990);
sulfur contents are similar to those of Sunniland-type oils (2—4
percent). Moreover, the inferred presence of patch reefs and
more complex structures in the Federal offshore region, and
the increased thermal maturity of rocks of the Dollar Bay
Formation in the offshore portion of the basin, enhance the
potential for new field discoveries and commercial oil produc-
tion.

The Dollar Bay Formation was assessed to have the
second largest volume of undiscovered oil with a total mean
volume of about 66 MMBO. The median number of discover-
ies was 8 at a median field size of 10 MMBO (table 1).

Play 5004—Lower Cretaceous
Carbonate Composite Oil Play

The hypothetical Lower Cretaceous Composite Oil play
comprises two units in the South Florida Basin: the Lehigh
Acres Formation brown dolomite zone and a potentially
porous dolomite unit within the underlying Pumpkin Bay For-
mation (fig. 2). Both units in this play are believed to contain
oil mainly derived from organic-rich beds in the upper part of
the Pumpkin Bay Formation.

The play is divided into two separate areas: one is cen-
tered in Lee County and intersects the Sunniland trend, and the
other is centered near the Marquesas Keys) (fig. 8). The north-
ern part (Lee County and vicinity) includes the area (outlined
by Applegate, 1987) containing porous brown dolomite and
an area within the Pumpkin Bay Formation that contains live
oil in porous dolomite (6—16 percent porosity). The section is
thickest (as much as 1,200 ft thick, as measured from reference
wells in State waters near Charlotte Harbor and onshore in
Collier and Hendry Counties) in these areas and has good to
excellent source-rock potential (determined from geochemical
and thermal-maturity measurements) (Means, 1977; Applegate

and others, 1981; Palacas and others, 1981; Attilio and Blake,
1983; Faulkner and Applegate, 1986; Applegate, 1987; Mont-
gomery, 1987). The rocks of the northern area (fig. 8) possess
high porosity caused by epigenetic dolomitization in an active
geothermal lineament system (Saul, 1987). Several oil shows
were reported in thick, porous dolomite beds in the southern
part of the play centered near Marquesas Keys (Faulkner and
Applegate, 1986; Lloyd, 1992).

The informally named brown dolomite zone refers to
a dolomite unit commonly found within the Twelve Mile
Member of the Lower Cretaceous Lehigh Acres Formation
(Aptian). The brown dolomite lies about 300 ft below the
base of the Punta Gorda Anhydrite and about 1,000 ft below
the Sunniland Formation (fig. 2). The unit is best developed
onshore in Charlotte County and surrounding counties where
it is thickest (about 100 ft) and most porous (10-22 percent)
and at a depth of about 12,000 ft (fig. 8). Good oil shows were
reported in this unit, and because it is about 1,000 ft lower
in the stratigraphic section than the Sunniland Formation, oil
from the brown dolomite is predicted to have a higher API
gravity (20°-50°?) and higher thermal maturity than oil from
the Sunniland Formation.

Reservoirs consist of sucrosic dolomite and exhibit pin-
point to vuggy porosity in beds at least 50 ft below the top
of the Twelve Mile Member of the Lehigh Acres Formation.
As much as 50 ft of porous dolomite have been found onshore
where the brown dolomite zone reaches a maximum thickness
of about 100 ft. An onshore area (in Charlotte, Lee, Hendry,
Collier, Highlands, and Glades Counties, and adjacent State
waters) with the highest resource potential is defined by the
porous zones delineated by Applegate (1987). Good oil shows
were observed in dolomite penetrated by the Bass Collier 12-2
well in Collier County; porosities determined from a sonic log
ranged from 10 to 22 percent and core porosities were as high
as 18 volume percent. State and Federal waters are predicted
to have high resource potential. In particular, oil stains were
noted in about 350 ft of mostly porous dolomite penetrated by
wells located near the Marquesas Keys (Faulkner and Apple-
gate, 1986; Lloyd, 1992).

The thickest and deepest sedimentary interval with sig-
nificant reservoir potential in the South Florida Basin is the
Lower Cretaceous Pumpkin Bay Formation. The formation
is composed of limestone, except at its northern limit where
dolomite is the dominant lithology. Within Province 50, the
Pumpkin Bay Formation is as much as 1,200 ft thick in off-
shore Florida State waters of Charlotte Harbor; the formation
is projected to thicken westward in Federal offshore waters
and into the basin depocenter (Faulkner and Applegate, 1986).
Onshore, the Pumpkin Bay Formation is found at present
depths from about 12,500 to 14,000 ft. Core porosities for
rocks of the Pumpkin Bay Formation are as high as 20 percent,
and sonic well-log porosities are slightly higher. Porosities
are generally lower in the Pumpkin Bay Formation than in
potential reservoirs found in younger units. Generally, rocks
with the highest resource potential in the Pumpkin Bay Forma-
tion are located in the Pulley Ridge area of Federal offshore
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1995 USGS National Qil and Gas Play-Based Assessment of the South Florida Basin, Florida Peninsula Province 13

waters (Faulkner and Applegate, 1986). Projections indicate
that the formation is as much as 1,500 ft thick in this area and
that the best reservoirs exist within a thick porous dolomite
zone (300-350 ft thick; pinpoint to vuggy porosity as high as
25 percent) in the middle and upper parts of the formation;
depths range from about 12,500 ft to more than 15,000 ft.

Source-rock studies by Palacas and others (1981) indicate
that organic-rich beds in the upper Pumpkin Bay Formation
are likely source rocks for oils. These oils could be trapped
in reservoirs that exist within the middle and upper parts of
the Pumpkin Bay and in the porous brown dolomite zone.
Palacas and others (1981) identified organic-rich, argillaceous
carbonate beds with high (0.43-3.2 weight percent) TOC in
the upper Pumpkin Bay and concluded that these beds had the
greatest petroleum-generating potential of all rocks older than
the Punta Gorda Anhydrite.

The TOC contents of these rocks, however, vary within
the basin. Most rocks within the Twelve Mile Member of the
Lehigh Acres Formation contain insufficient organic matter
(average of about 0.3 percent TOC) to have generated com-
mercial amounts of petroleum. Some richer source beds are
present within this unit, however, having marginal (about 0.5
percent TOC) to good source potential. Particularly, more than
2.0 percent TOC is contained in a relatively thin (about 1 ft
thick) limestone bed in the West Felda field.

The thermal-maturation level for oil generation is higher
in this play than that for the upper and lower Sunniland plays
(5001 and 5002). Thus, oils of this play are expected to be
marginally to moderately mature and to have higher API gravi-
ties (25° to 50°) and higher GOR’s than Sunniland oils.

Total mean volume of undiscovered oil in the Lower
Cretaceous Carbonate Composite Oil play was estimated at
about 11 MMBO. The median number of new discoveries is
eight accumulations having a median field size of 2 MMBO
(table 1).

Play 5005—Extended Upper Sunniland
Tidal Shoal Qil Play

This hypothetical play is an eastward and southward
extension (fig. 9) of the productive Sunniland trend in the
Upper Sunniland Tidal Shoal Oil play (5001). Thus, reservoir
and source rocks are the same as those of play 5001. This play
forms a southwest-to-northeast-oriented arcuate trend approxi-
mately 20 mi wide and 250 mi long that extends from the
State waters of the Dry Tortugas northeast, through the Florida
Keys and along the southeastern Atlantic Coast of the Florida
Peninsula to Broward County. Bioclastic mounds smaller than
those found in currently productive units of the upper part
of the Sunniland Formation accumulated on subtle structural
highs in this updip, less thermally mature area of the basin to
the east and far south. Prominent positive structural elements
include the Pine Key arch and the Largo high. Some low
API gravity (10°-14°) heavy-oil shows have been reported in

wells in the northern portion of the play area; however, 22°
API gravity oil was reported in shows from wells near the
Marquesas Keys in the west and southernmost part of the play
area (Faulkner and Applegate, 1986; Lloyd, 1992).

The Extended Upper Sunniland Tidal Shoal Oil play
(5005) is delineated by an area that may contain porous tidal-
shoal facies that formed on topographic/bathymetric highs.
The dark carbonate source unit in the lower part of the Sunni-
land Formation thins toward the eastern and southern margins
of the basin south of the play, making it less favorable than
the proven Upper Sunniland Tidal Shoal Oil play (5001). The
Sunniland Formation rocks in this area are also less thermally
mature than in play 5001. The eastern and southern Atlantic
coastal boundaries of the play are delineated by the Florida
State waters 3-mi boundary, and the northern, Gulf of Mexico
boundary is delineated by the 10.36 mi Florida State waters
boundary.

Total mean volume of undiscovered oil in the Extended
Upper Sunniland Tidal Shoal Oil play was estimated at about
27.3 MMBO with an additional 14.6 BCF of associated gas.
The median number of new discoveries is six accumulations
having a median field size of 4 MMBO (table 1).

Play 5006—Wood River Dolomite
Deep Gas Play

In the hypothetical Wood River Dolomite Deep Gas play
(fig. 2 and fig. 10), the Upper Jurassic(?) and Lower Creta-
ceous Wood River Formation averages about 1,700 ft thick and
stratigraphically is the lowest sedimentary unit in the South
Florida Basin. The few wells that have penetrated this forma-
tion show that a 100- to 150-ft-thick clastic unit forms the
basal part of the Wood River Formation and consists of dark-
red shale and fine- to coarse-grained arkosic sandstone and cal-
careous sandstone (Applegate and others, 1981). These basal
clastic units may represent fan, fan-delta, and fluvial-lacustrine
or marine deposits. Below the basal clastic sequence in Collier
County is a rhyolite porphyry with an age of 189 Ma. Overly-
ing these clastic rocks is a thick sequence of anhydrite, dolo-
mite, and limestone with occasional interbedded salt stringers,
indicating marine transgression (Applegate and others, 1981).

The Mobil-Phillips Seminole “C” well near Seminole
field (fig. 10) in Hendry County produced measurable gas and
water flows at depths of about 15,700 ft from perforations in
a dolomite zone averaging about 8 percent porosity. Moreover,
logs from the well indicated higher porosities and increased
resistivities just above the perforated section, possibly indicat-
ing the presence of gas (Applegate and others, 1981; Palacas
and others, 1981). Although formation damage occurred in
the well bore, this well had potential for commercial gas
production (J.G. Palacas, oral commun., 1994); the occurrence
of a potentially commercial well indicates a possible source
of deep gas. Marine beds, generally regarded as potential
petroleum sources, are predominant in the formation, and the
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16 Petroleum Systems and Assessment of the South Florida Basin

depositional environment, especially in the southern part of the
play area, probably favored reef growth; thus a source, a seal,
and a reservoir should be present.

Organic geochemistry studies of well samples from the
Wood River Formation indicate that the hydrocarbon-generat-
ing potential of the unit ranges from poor to excellent (Palacas
and others, 1981; Faulkner and Applegate, 1986). The scarcity
of wells penetrating the Wood River Formation, however,
limits and evaluation of each of the geologic and petroleum
system components of the play and, therefore, the play is
considered hypothetical and was risked heavily. The rocks of
potential reservoirs in the Wood River are porous (8 percent
or greater) dolomite units enclosed by anhydrite, salt stringers,
and (or) micritic limestone at depths of about 15,000—19,000
ft onshore and in State waters. The play area includes areas of
the southern part of basin where reef growth is favored (fig.
10). It is possible that gas in the Wood River Formation in
the area of the Sunniland trend may have originated in deeper
parts of the basin and migrated updip, perhaps as a single large
accumulation. The Wood River Dolomite Gas play was risked
for charge, reservoir, and trap. The combined risk probability
of the play was 0.1, which categorized the play as high risk
and was not assessed in the 1995 USGS Assessment.

Summary

The 1995 USGS National Oil and Gas Assessment
defined six conventional plays in the Florida Peninsula Prov-
ince (USGS Province 50), all within the South Florida Basin.
Five of these plays were assessed, all which were oil plays
of Cretaceous age. The sixth was a deep gas play in dolomite
of the Upper Jurassic(?) and Lower Cretaceous Wood River
Formation and was highly risked, thus not assessed.

A mean total undiscovered resource of 370.1 MMBO and
57.5 BCFG (about 6 MMBOE) was estimated from the five
oil plays of the South Florida Basin. The upper Sunniland
Formation along the main “fairway” where eight fields of >1
MMBO have been discovered was estimated to contain the
most (254 MMBO or about 70 percent) of the total estimated
mean undiscovered oil in the South Florida Basin. The less
mature, Dollar Bay Shoal-Reef play ranked second with a
total estimated 66 MMBO. The future of Florida’s moderate
potential for undiscovered resources may be limited by envi-
ronmental and political controls that discourage oil and gas
exploration and development within the South Florida Basin.
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