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been employed as appropriate for site geophysical profiling, and each has provided final water 
quality samples from the respective zone monitored. 

This report contains the data collected during the drilling, construction, and testing of 
exploratory holes and monitor wells at ROMP TR7-2. 

The ROMP TR7-2 wellsite is located in the town of Oneco, Manatee County, Florida. From 
the intersection of Interstate 75  and S.R. 70, east of Bradenton, the wellsite can be found by 
proceeding 5.3 miles west on S.R. 7 0  to  15th Street East (S.R. 683 / "Old U.S. 301 "); south 
0.7 mile on 15th Street East t o  59th Avenue East; and west 0.2 mile on 59th Avenue East 
t o  a shell driveway separating t w o  duplexes on the north side of 59th Avenue East (between 
12th and 13th Streets). The wellsite is situated north of the duplexes on a vacant Manatee 
County-owned tract (Figure 3). A 30'  x 89'  permanent easement (SWFWMD Parcel #21-020- 
043), and 140'  x 300' construction easement, with access-ways, was granted the SWFWMD 
for well construction and testing (Figure 4). 

The TR7-2 wellsite is located in the SW1/, of the NE1/, of the SE1/, of Section 13, Township 
3 5  South, Range 1 7  East, at latitude 27" 26' 12" North, longitude 82" 33' 01 " West. Land 
surface elevation at the site is approximately 19' NGVD. 

3.0 DRILLING METHODS AN.D DATA COLLECTION 

Regional-scale aquifers present in the ROMP TR7-2 locale differ in properties relative to  water 
quality, transmissivity, and water level / potentiometric head. The fundamental goal of the 
data collection and analysis program undertaken at TR7-2 was to  delineate and characterize 
the hydrogeologic system present. This was accomplished by the following program of 
drilling, testing, and analysis of data trends. 

3.1 Exploratory Drilling 

Initial exploratory drilling and well construction at TR7-2 began July 1, 1992. In anticipation 
of encountering similar potentiometric head zonation in confined aquifers penetrated (Figure 
5), the S W W M D  Speedstar 22M drill rig was initially stationed onsite t o  construct "wells" 
("piezometers") into four separate hydrogeologic zones (surficial, "upper" intermediate, 
"lower" intermediate, and "shallow" Upper Floridan aquifers). In this report, these partially 
complete, potentiometrically functional "wells" are referred t o  as "piezometers;" and only 
completed wells are hereafter referred t o  as "wells" or "monitors." Three of the piezometers 
would be eventually used as shallow casing-sets for deeper coring andlor well construction 
(Figure 6), and the fourth was completed as the permanent surficial aquifer monitor. This 



suite of piezometers and one well allowed "real-timen hydrograph recording and comparison 
of potentiometric levels to  those profiled in the corehole during active coring. This provided 
excellent quality control in the differentiation of aquifers in lieu of other definitive lithologic or 
water chemistry trends. 

A preliminary lithologic description was generated to a depth of 250' based on drill cuttings 
collected during construction of the lower intermediate aquifer piezometer. The surficial 
aquifer monitor, and upper intermediate piezometer were designed and constructed based on 
these lithologic descriptions. The lower intermediate aquifer piezometer also served as a 
supply well for further drilling, and characterized potentiometric head in the transmissive beds 
of the intermediate aquifer system during later exploratory drilling to detect the top of the 
Upper Floridan aquifer. At  the request of researchers from the University of Virginia 
(Kauffman, et al.), a mud barrel was used to acquire core samples of intercalated clays from 
the undifferentiated Arcadia Formation during drilling of the Upper Floridan piezometer. These 
clay samples were preserved and later hydraulically compressed by University of Virginia staff 
to yield pore water, which was then analyzed for major ions for comparison to water 
chemistry profiled during the coring process and further clay sampling. 

The mud rotary method was used while drilling to casing set-points for the above-noted 
borings. Drilling circulation was lost near the top of the Floridan aquifer (332' BLS), and 
reverse-air drilling tended to  pull in sands from the lower undifferentiated Arcadia Formation, 
thus a 362' casing (intermediate string) depth was established for the proposed Avon Park 
Formation monitor (the Upper Floridan piezometer). 

The SWFWMD CME 55 drill rig moved onsite September 14, 1992, and began sevenday-per- 
week exploratory drilling operations (two crews) to a final core depth of 1,094' BLS. Initial 
boring (Appendix A1 ) was hollow-stem augered to 13.5' BLS, where saturated sands limited 
progress. The rig was moved to (temporary) corehole #I ,  with mud rotary drilling to  12' BLS, 
followed by a regimen of split-spoon sampling and reaming to 30.5' BLS where temporary 4" 
HW steel casing was set in the upper Hawthorn Group clay beds. Split spoon sampling and 
rotary reaming continued through the bedded clays to calcareous beds at 48.5' BLS. Below 
48.5' BLS, a NO wireline corebarrel was used to collect lithologic samples, with plain water 
as the drilling fluid. This allowed routine purging of drilling waters prior to water sampling, 
and measurement of gross potentiometric head within the corehole upon stabilization of water 
level. Corehole water levels were profiled against those of the onsite suite of piezometers to 
indicate corehole penetration through relevant confining beds. Additionally, discharge rate 
from corehole airlifting was recorded during intervals of purging and cuttings removal. 
Measured yield, which can vary with extent of uncased wellbore and blowline length, provided 
relative indication of borehole connection to permeable zones. 

University of Virginia researchers again collected and preserved lithologic samples of clay and 
clayey carbonate cores from the uppermost Hawthorn Group (Peace River Formation) clays 
and the undifferentiated Arcadia Formation. "Squeezed" water samples were again extracted 
for analyses by University of Virginia staff. Additionally, wellbore-purged water quality 
samples were collected and analyzed by University staff, as well as those collected and 
analyzed by SWFWMD staff, with many of the sampling points pre-considered based on drill 
cutting description from piezometers drilled initially by the Speedstar 22M. 



airlifting t o  ensure removal of suspended cuttings. Coring while circulating fresh water 
allowed purging the wellbore clean for water sampling, and shutting-down circulation t o  allow 
water levels t o  stabilize for profiling gross potentiometric levels in the active corehole. 

Deep exploratory drilling and lithologic sampling (1,094 - 1,698') was accomplished by 
reverse-air drilling wi th a tri-cone bit. Lithologic sampling consisted of collecting and logging 
drill cuttings (milled formation material and circulated fluid). The cuttings are discharged 
turbulently, and there is great mixing of sample material. Cuttings discharged are compared 
t o  circulation time t o  the surface, drilling penetration rate, estimated hardness of the unit 
drilled versus that of cuttings collected, and general formation trends t o  discern fall-in material 
from penetrated material. 

Deepest lithologic samples (1,698 - 1,713' BLS) were from one run wi th a 15'  mud core 
barrel, which provided excellent retrieval of an undisturbed column of dolomitic evaporite 
beds. 

The lithologic description of samples was based on hand lens and microscope evaluation of 
mineralogy, fossil content, color, porosity, and grain size. The archived samples were shipped 
t o  the core repository maintained by the Florida Geological Survey, in Tallahassee. The 
digitized description was generated based on the terminology and conventions of the Florida 
Geologic Information System 1 GeoSys14G digital lithological data base, maintained by the 
Florida Geological Survey, and is indexed under well "W-16784." It is included in this report 
as Appendix A5. 

3.3 Water Quality Sampling 

Water quality samples were retrieved during both well construction and testing at TR7-2. 
Groundwater chemistry was profiled during exploratory coring and reverse air drilling, as well 
as analyzed during specific pumping events, such as aquifer performance tests and packer 
tests. Further geophysical thief sampling was accomplished on an as-needed basis. 

Prior t o  sample retrieval, type of analysis and necessary sample volume were determined. On 
retrieval, all samples were handled as follows: 

The sample was caught in, or transferred t o  a pre-conditioned container for immediate 
measurement of temperature and specific conductance by multi-meter. Approximately 
200  ml was set aside and pH recorded on stabilization by field meter. The remaining 
sample was drawn or pressure pumped across a 0.45 micron membrane filter covered 
by a #28 pore-size glass fiber pre-filter. The filtered samples were discharged into new 
plastic sample bottles, labeled, and immediately chilled in an ice chest. As necessary, 
sample bottles were pretreated with nitric or sulfuric acid as a preservative. Remaining 
filtered sample was immediately split for field measurements of specific gravity 
(hydrometer and cylinder) and chloride and sulfate concentration (Hach field test-kits). 
Chilled samples were delivered t o  the SWFWMD Environmental Laboratory for analysis. 

Sampling specific pumping events involves retrieving water samples from an available stream 
of discharge. As such, the discharge was typically profiled by recording initial values of fluid 



temperature, specific conductance, and often pH. These parameters are monitored for change 
and eventual stability over the duration of the event, with a sample retrieved and handled as 
previously described upon stabilization. 

The need for specific geophysical thief samples is typically established upon review of fluid- 
reading geophysical logs, such as temperature, fluid resistance, or flowmeter. Samples are 
retrieved by running the sampler (which contains an electrically operated valve) t o  the desired 
depth via logging cable, opening the valve long enough for chamber to fill, closing the valve, 
and returning t o  surface for handling as described above. 

During coring, water samples were retrieved every 10 - 20' below 75' BLS, through the extent 
of the intermediate aquifer system, in support of efforts by University of Virginia researchers. 
Water samples were collected every 20' (through transmissive zones) t o  40' (through the 
poorly transmissive Ocala and upper Avon Park calcarenites) as coring continued in the Upper 
Floridan aquifer t o  the maximum core depth of 1,094' BLS. After coring the desired interval, 
the corerods were configured for airlifting leaving the bit near the bottom of the hole. The 
corehole was then airlifted to  remove cuttings, and purge circulated drilling water. During the 
coring process a totalizing inline flowmeter was used t o  record volume of drilling water 
pumped downhole and an estimate was made of the amount circulated back to  the surface 
for calculation of minimum purge times. The airlifted discharge was typically profiled by 
recording initial values of fluid temperature and specific conductance. These parameters were 
monitored for change and eventual stability over the duration of purging at least one volume 
of introduced drilling water. Upon stabilization of parameters, airlifting apparatii are removed 
from corerods, and bottom of rods is appropriately situated near the bottom of the corehole. 
A t  TR7-2, a Kemmerer-type thief sampler was lowered to near the bottom of the corerods t o  
retrieve water samples during coring through the intermediate aquifer system. During coring 
of the Upper Floridan aquifer, a wireline bailer, configured t o  project below the bottom of the 
corerods, was used t o  retrieve water samples. A t  the surface, the sample was handled as 
described above. 

In the deep exploratory well, sampling below 1 ,I 09' was not undertaken immediately due t o  
the reconfiguration of the well, particularly the installation of 1,109' of 8" temporary 
"conductor pipe" into the saltwater-intruded highly permeable zone of the Avon Park 
Formation. The conductor pipe was used to recirculate desilted, saline, reverse-air drilling 
discharge from holding pits, back to  (and down) the intercased wellbore, t o  below the 
saltwater interface in the active wellbore. This well configuration (Figure A4-2), while solving 
the problem of excess saline drilling discharge, directly impacted well sampling integrity. Due 
to  the limited expanse of open bore between point of discharge (bottom of conductor pipe) 
and point of suction (drill bit, on reverse-air circulation), water quality sampling was deferred 
until approximately 100' of separation was achieved. This interval encompassed fractured 
dolostone beds of the Avon Park Formation which responded with enough transmissivity t o  
reasonably re-establish the sampling program. Through the remaining footage t o  total depth 
of 171 5', water samples were collected approximately every 30', alternating bailer-retrieved 
samples wi th samples collected from the reverse air drilling discharge. The discharge samples 
were collected at the surface and handled as described above after cuttings were circulated 
out of  the rods (lowered to  near hole bottom) until the discharge pumped turbidity-free, and 
at least one rod volume had been removed. 



Bailer-retrieved samples during reverse-air drilling were also collected after all cuttings were 
airlifted out and discharge appeared clear. Before ceasing airlifting though, the drill string was 
raised approximately 30' and allowed to  discharge at least another rod volume in anticipation 
of pulling some borehole water up from lowermost depths of the open bore. Upon cessation 
of airlifting, the rods were slowly lowered the 30', back t o  near bottom, and airlifting apparatii 
cleared from the drillrods. A wireline bailer was then lowered within the drillrods t o  just above 
the bit, "over-shooting" the column of bottom-hole water, and then retrieved. A t  the surface, 
the sample was handled as described above. 

3.4 Potentiornetric Level and Corehole Yield Profiling 

During TR7-2 exploratory drilling from LSD to  171 5 '  BLS, potentiometric and yield profiling 
of aquifers was conducted. Although both measurements can be affected by interconnection 
of aquifers within the active borehole or by other boreholes onsite, potentiometric head and 
interval yield were effective indicators of penetration of successive aquifers and intra-aquifer 
transmissive zones respectively. Tables A1 -1, A2-1, A3-1, and A4-1 present the data 
collected. 

Potentiometric Level Profiling 

Upon commencement of wireline coring at 48.5' BLS, the drilling fluid changed from "mud" 
t o  fresh water, allowing potentiometric readings t o  be taken in the active corehole when 
conditions were stable. Representative profiling of potentiometric levels was contingent on 
water levels not being impacted by recent drilling, circulating, or discharging of the borehole 
or other onsite wells. Potentiometric readings taken at the beginning of the drilling day were 
highly representative due to  overnight stabilization of the borehole. Potentiometric readings 
were recorded through the day when practical, following purging and sampling events that 
resulted in sufficient shutdown of borehole circulation to  let corehole water level stabilize. 

Permeable units always stabilized for potentiometric profiling quicker than less permeable 
units. Fewer potentiometric readings were taken through the less-permeable intermediate 
aquifer while coring, due t o  lengthy periods of rig downtime waiting for potentiometric 
recovery. Onsite piezometers provided supporting data through those occasions if those wells 
were not also impacted by the coring and purging process. 

Potentiometric profiling data were not corrected for variations in fluid density, therefore Figure 
A3-2 illustrates encountering of the freshwater-saltwater transition zone at approximately 
1065' BLS, with resultant drop-off of apparent potentiometric head. Additionally, 
potentiometric data recorded during spring I summer 1994 deep exploratory drilling do not 
correspond well to  original profiling of the fall 1992 data due to  the intervening time lapse and 
the significant change in casing and borehole configuration. 

Corehole Yield Profiling 

Interval yield profiling during the coring process provides a relative indication of penetrated 
unit productivity. Penetration of transmissive zones while coring is typically apparent in yield 
profiles, but those same transmissive zones often continue t o  contribute t o  airlifted discharge 



rate during successive tests of deeper intervals, obscuring their vertical extent. Recorded data 
represent a combination of yield from all transmissive zones hydraulically connected (via the 
narrow annular space) to the zone being characterized. Friction losses in the annular space 
prevent a continuous increase in these data. Additionally, configuration of drillrods and airline, 
depth of casing, and lithologic variations all impose effects on the yield sustained by airlifting 
of the active corehole. [Note that packer tests effectively address the problem of interbore 
connection during yield tests by isolating the tested interval while discharging.] 

Yield measurements at TR7-2 were typically conducted during purge events prior t o  water 
quality sampling. These measurements were also recorded when airlifting was used solely to  
clear cuttings from the active corehole below 459' BLS, where the CME 55 rig lost drilling 
circulation (to surface) in the transmissive shallow Upper Floridan aquifer. 

Yield measurements were also recorded during deep exploratory, reverse-air drilling with 
Layne-Atlantic's Gardner Denver 2000 rig. Due t o  differences 'in hole and mechanical 
configuration, those data can not be directly correlated to  those recorded from the coring 
process. 

3.5 Formation Packer and Permeameter Testing 

Formation Packer Testing 

A total of ten packer tests were conducted at the TR7-2 site (Appendix A6). All tests were 
run in the deep exploratory well, using a Tam-J single gland assembly. In each case, only the 
formation below the inflated packer was hydraulically stressed ("off-bottom testing"; Figure 
A6-A). 

Since the testing of semi-confining units provided the most useful results, where possible, the 
packer zones were targeted by review of core samples and properties. Exploratory coring was 
accomplished in a series of three boreholes, approximately 140 - 180' away from the deep 
exploratory hole, where the packer tests were run. Packer tests #1 - 6, run in the Ocala 
Limestone and upper Avon Park Formation, corresponded to  intervals already cored. Packer 
tests # I ,  2, 4, 5, and 6 had corresponding representative core samples analyzed for vertical 
hydraulic conductivity via laboratory permeameter tests. 

All TR7-2 packer tests were conducted in a reverse-air rotary drilled hole, therefore only 
cuttings were available for use in actual lithologic characterization of that borehole. 
Additionally, the annular connection of lowermost borehole t o  upper uncased transmissive 
wellbore during exploratory drilling obscured insight into production rate of lower zones 
targeted for packer testing. Caliper logs run immediately prior to  packer placement were 
helpful in discerning fractured, inappropriate packer set-points and/or test zones. Relative 
zone transmissivity was in all cases though, established only upon airlifting and monitoring 
zone drawdown during the test. Regardless of zone transmissivity, all tests supplied discrete- 
zone water quality samples. In tests of zones too permeable to  be hydraulically stressed by 
the available airlifting mechanism, only specific capacity could be definitively established. 



Of the ten tests performed, three were run in the fine-grained calcarenites of the Ocala 
Limestone (#I-3), one in the dolostones of the Ocala (#4), t w o  in the fine-grained calcarenites 
of the Avon Park Formation (#5-6), three in the Avon Park dolostones (#7-9), and one in the 
Avon Park evaporite beds (# lo ) .  Tests #6 and 8 were specifically run for quality control 
purposes, verifying results of the preceding tests by further limiting (vertically) the tested 
zone, and enhancing drawdown. Packer tests # I ,  2, 4, 5, and 6 were designed t o  correlate 
wi th core sample permeameter analyses already recorded, providing comparison of derived 
values of hydraulic conductivity (packer tests) t o  those of vertical hydraulic conductivity 
(falling-head permeameter tests). Results of the packer tests are discussed under &Q 
HYDRAUI IC CHARACTERISTICS, and presented in Table A6-A. Actual test data and analyses 
are reported in Appendix A 6  (itemized by test number), and Figure A6-A further details test 
methodology. 

Perrneameter Testing 

Falling-head permeameter testing by contracted Florida Geological Survey staff was run on 
eight core samples submitted from the TR7-2 wellsite. Table A7-1 identifies the samples and 
lists the results of the analyses. Three of the samples were selected from the intermediate 
aquifer system, and five were from beds of the Upper Floridan aquifer. Low-permeability 
Floridan samples came from intervals scheduled for future packer testing, and the intermediate 
samples targeted prominent confining and semi-confining beds within that system. 

Generally, the samples were chosen as representative of a larger portion of the hydrogeologic 
section, and typically they were of low to  moderate permeabilrty material. Samples selected 
were a minimum of three inches long, unfractured, without prominent macroporosity features, 
and not predominantly clay. Those samples containing a clay fraction were field-cleaned after 
retrieval as core, and immediately wrapped in plastic wrap and padding, and chilled prior t o  
submittal for testing. A t  the Florida Geological Survey, the samples were further prepared by 
encasing the perimeter of the core in epoxy and pre-hydrating as necessary. The samples 
were configured to  a falling-head (one meter) permeameter and volumetrically monitored over 
time for water passage. Tests were run up to  three separate times except where sample did 
not saturate after up t o  40 days on the equipment. Results are further discussed under &Q 
HYDRAULIC CHARACTERISTICS. 

3.6 Aquifer Performance Testing 

In situ testing of aquifer performance was conducted by pumping tests. A 50  hour (pumping 
phase) test, w i th  same-zone observation well, was conducted on the shallow Upper Floridan 
aquifer in May 1993. Small-scale (1 00 minute pumping phase), single well tests were run on 
each of the confined-aquifer permanent wells during April 1993. Additionally, a shorter test 
of the surficial aquifer monitor was carried out. 

Shallow Upper Floridan APT (Aquifer Performance Test) 

During exploratory drilling and testing, the Tampa Member of the Arcadia Formation and the 
Suwannee Limestone were found t o  be an extensive transmissive aquifer unit, confined above 
by the lower Arcadia quartz sandstones, and underlain by the semi-confining Ocala calcilutitic 



calcarenites. This zone was targeted for aquifer testing (Appendix A8), and eventual 
permanent monitoring on a more delimited basis. Observation well setback from the pumped 
well was governed by the 200' maximum separation attainable between wells on the 
temporary easement. 

A t  the time of the shallow Upper Floridan aquifer APT, the permanent suite of five monitor 
wells was in place (Figure A8-A). The shallow Upper Floridan monitor was then open from 
357  - 700' BLS, as an appropriate observation well. The deep exploratory well, at an 
intermediate stage of completion, was temporarily configured (cased t o  358' wi th 12" 
diameter steel casing; open to  700' BLS) as the pumped well. All wells were outfitted with 
pressure transducers for continuous monitoring of water levels during the test. The SWFWMD 
lineshaft turbine pump, with 6" bowls and column was installed to  an inlet depth of 100' BLS, 
wi th shrouded transducer, and shrouded-cable geophysical flowmeter installed for appropriate 
data collection (Figure A8-B). Pump discharge was routed via a surface 1 On discharge pipe, 
through a 10" x 7"  orifice plate for manometer application and discharge calculation. 
Additionally, a Polysonic flowmeter was installed on the discharge line as an alternate 
discharge recording device. 

Prior t o  extended drawdown testing, a three-step drawdown test was accomplished on May 
12, 1993 (Appendix A9). With the well configured as above (Figure A9-A), it was pumped 
successively at 771, 1227, and 1424 gpm, in 120 - 140 minute steps. The steps directly 
followed another, with no recovery period between pumping phases. Drawdown and recovery 
data were recorded by a data logger and pressure transducers. Additionally, geophysical 
flowmeter logs were run in up and down directions, during each step, t o  profile relative zone 
contribution over the range of pumping levels (Figure A9-3). 

On May 17, 1993 the APT began, discharging an average 1431 gpm, and continued for the 
50.5 hour pumping interval. Drawdown of approximately 33' was recorded in the pumped 
well, while approximately 7 '  of drawdown was registered in the test zone observation well 
200' away. The drawdown phase was carried out until stability was noted in all zones 
monitored, wi th a regional potentiometric cycling (rise and fall) pattern evident. Discharge 
water quality and discharge rate were profiled throughout drawdown, and barometric pressure 
was recorded onsite throughout the test. An onsite hourly recorder, installed prior t o  the test 
in the pumped zone observation well, collected regional potentiometric trend data for several 
weeks after the test. Recovery phase was monitored and recorded for approximately 18 
hours. 

Single Well Tests 

Pumping configuration for single well tests (Appendix A10) varied wi th the well tested, due 
to  differences in aquifer transmissivity, static water level, projected well drawdown, and well 
diameter. A small centrifugal pump was used on the surficial aquifer monitor, airlifting was 
chosen for the intermediate aquifer wells, and a high capacity centrifugal pump was used for 
the Upper Floridan wells. All wells except the lower intermediate aquifer monitor (temporarily 
configured wi th 12" casing) were 6" diameter. Other than the shallow Upper Floridan well, 
(temporarily constructed as a fully-penetrating APT observation well), all were constructed as 
discrete-zone monitors for water level recording and water quality monitoring. As such, all 
wells were open, in part, t o  the most transmissive intervals of the hydrogeologic unit 



monitored. As permanent sampling wells they were also designed to  include open bores of 
100' or less, where possible. 

During the tests, transducers were installed in the pumped well and other permanent wells 
that required monitoring. Typically two  additional wells were monitored per test, such as the 
hydrogeologic zone above and below. Drawdown and recovery data in all wells were recorded 
by a data logger at the same schedule data were recorded in the pumped well. Well yield was 
measured directly in all tests, by timing the discharge directly into a 50  gallon barrel. 

Additionally, geophysical flowmeter logs were run in up and down directions, during the 
respective drawdown phases, to  profile relative zone contribution at noted discharge rate in 
all but the surficial aquifer and shallow Upper Floridan wells. The geophysical multi-probe, 
which contains sensors for fluid temperature and fluid resistance, was run during both Upper 
Floridan well tests for comparison t o  static logs previously run, and to  better identify nature 
of hydraulic response. 

3.7 Geophysical Logging 

Digital geophysical logs were run during various stages of well construction, and on wells in 
the "as-built" state. Additionally, to  better define hydraulic response, some wells were logged 
under both static and pumping conditions. Geophysical logs are used t o  delineate and 
correlate hydrogeologic units, characterize aquifer response and/or water quality, and establish 
integrity of well construction. Caliper logs were run as necessary to  define borehole geometry 
for well construction material calculations, and to  indicate appropriate packer set-points. 
Appendix A 1  1 lists logs run on TR7-2 wells. 

All logs were run with SWFWMD's digital geophysical equipment, and are archived with the 
ROMP TR7-2 File of Record. Log files may also be uploaded into Century Geophysical 
Corporation "Personal I Analytical Compu-log" software. Geophysical logging phases and 
methodology are discussed under 7.0 GFOPHYSlCAl I OGGING, with specific exploratory 
logging plots presented. 

4.1 Physiography 

The TR7-2 wellsite is located in suburban western Manatee County, approximately 2.5 miles 
inland (east) of Sarasota Bay. The wellsite lies within the Gulf Coastal Lowlands 
physiographic province (Figure 8), a division of the Mid-Peninsular Zone of the Floridan 
Peninsula, as designated by White (1 970). 

Land surface relief in Manatee County "steps-down" from the 135' high Polk Upland area, in 
the northeast portion of the county, to  its western shores and barrier islands. Wellsite 



elevation is approximately 19' NGVD (Figure 9). Topography in the wellsite vicinity is a 
function of remnant Pleistocene marine terraces which have been further shaped by subaerial 
erosional processes and more recent urban development. The TR7-2 site is located on the 
Pamlico Terrace, which was formed during one of the last stands of high Pleistocene seas 
which inundated much of present-day coastal and southern Florida (Peek, 1958). 

Surface drainage in the wellsite vicinity is routed by a system of roadside swales and ditches 
t o  outfall east into south-flowing Bowlees Creek. South of the wellsite area, Bowlees Creek 
flows southwest into Sarasota Bay. 

4.2 Stratigraphy and Lithology 

Exploratory drilling at TR7-2 was conducted to  a depth of 171 5', penetrating Holocene t o  
Middle Eocene sedimentary deposits. The most recent beds were likely laid down as marine 
terrace deposits within the past 1.5 million years, prior to  the retreat of Gulf of Mexico waters 
off the emergent Floridan landform. The deepest formation penetrated, the Avon Park, is a 
Claiborne Group near-shore marine deposit (Chen, 1965). In the Manatee County area, 
Tertiary units exist in a thickness of better than 5000'. As in most of peninsular Florida, the 
deposits are largely marine carbonates (Chen, 1965). 

Figure 10  indicates the hydrogeology delineated at the TR7-2 site. A synopsis of drilling and 
lithologic sampling procedures employed at TR7-2 is found under 
AND DATA COI I FCTION. Detailed lithologic description of units penetrated (core, cuttings 
description) is attached as Appendix A5 (Well "W-16784" in the Geologic Information System 
1 GeoSysI4G digital lithologic data base, maintained by the Florida Geological Survey). 

4.21 Undifferentiated Surficial Deposits (LSD - 21 ' BLS) 

In the region of the TR7-2 site, clastic undifferentiated surficial deposits were laid down during 
Pleistocene-Recent time (Healy, 1975). Surficial beds penetrated at TR7-2 include both an 
upper clastic sequence and a thin basal carbonate. The upper deposits of variably clayey 
quartz sand and slightly phosphatic, iron-stained sand extend from land surface to  17'  BLS. 
The sands are generally fine-medium grained, unconsolidated t o  poorly consolidated wi th clay 
cement, and have moderate t o  high intergranular porosity. Clay content is generally low (5 - 
15%), and phosphatic sand and gravel account for up to  5% (usually about 1 %) of the unit. 

Iron staining is common in many of the uppermost beds. 

The sand beds lie, apparently unconformably, atop a four foot (17 - 21 ' BLS) bed of hard, 
moldic, yellow-gray microcrystalline (dolomitic?) limestone. Bivalve and echinoid molds and 
fragments were common in the limestone, and trace amounts of pyrite were present as 
encrusting masses on moldic surfaces. The basal limestone bed was relegated to inclusion 
in the surficial deposits due t o  its extremely limited thickness, although it might appropriately 
be identified via fossil assemblage as a northern outlier of the Pliocene Tamiami Formation. 

The undifferentiated surficial deposits unconformably overlie the uppermost clays of the 
Hawthorn Group. 



4.22 Peace River Formation ("Venice Clay"; 21 - 48' BLS) 

A t  TR7-2, the contact between the undifferentiated surficial deposits and the Hawthorn Group 
was differentiated by the transition from poorly cemented sands and thin basal carbonate t o  
a sequence of bedded clays. The 27' of clays are relatively pure, but variably calcareous 
and/or phosphaticlquartz sandy at unit upper and lower boundaries. Collectively they are here 
referred t o  as the Peace River Formation of the Hawthorn Group, or informally in this region 
as the "Venice Clay." A t  TR7-2, this clay sequence represents the upper confining beds of 
the intermediate aquifer system. 

Scott (1 988) notes the Peace River Formation t o  range in age from late Early Miocene t o  early 
Pliocene. It is regionally described as interbedded quartz sands, clays, and carbonates, with 
siliciclastics comprising two-thirds or more of the formation. The clays are noted as quartz- 
sandy, calcareous to  dolomitic, and phosphatic. 

Previous study of the Venice Clay (G. L. Barr, personal communication, 1994) has 
characterized it as an Early - Middle Miocene clay; largely sand-free, plastic, and blue-green 
t o  olive colored. It has been further typified by a distinctively mild gamma signature as 
expressed on natural gamma geophysical logs. Mineralogically, the unit is composed of the 
magnesian clays illite/smectite, palygorskite, and sepiolite (McCartan, et al., undated). As 
generally applied, "Venice Clay" terminology suggests a lack of substantial quartz, phosphate, 
and calcareous components, in contrast to the Peace River Formation. 

Approximately 60% of the upper Hawthorn clays sampled at TR7-2 were described as 
"relatively pure" clay, with upper- and lowermost beds (which were adjacent t o  carbonate 
beds) noted to  be somewhat calcareous. The middle six feet of the unit contained both 
quartz-sandy and calcareous clays. Where sandy, the clay beds were noted t o  be somewhat 
phosphatic, and trace amounts of very fine pyrite were found throughout. Natural gamma log 
response was quite low. 

This report assumes the "Peace River Formation" nomenclature of Scott (1988) for the 
identification of this upper Hawthorn sequence of clays. Although description of the 2 1 4 8 '  
BLS clay beds at TR7-2 compares favorably wi th that of the Venice Clay, the stratigraphic 
position and structural thickness of the TR7-2 beds can be extrapolated readily t o  Scott's 
mapping.of the Peace River Formation. Scott's (1 988) maps of the Peace River Formation 
also incorporate the Venice Clay beds delineated by others (Randazzo, 1983; McCartan, 
undated) in southwest Florida. Data points in the TR7-2 area were not used in Scott's map, 
and a westward pinching-out was presented. 

4.23 Undifferentiated Arcadia Formation (48 - 332' BLS) 

The contact between the Peace River Formation and underlying Early Miocene (Scott, 1988) 
undifferentiated Arcadia Formation was established based on the downward transition from 
the bedded clays t o  a carbonate-dominant sequence of clayey calcilutites, phosphatic 1 quartz- 
sandy calcilutites, and intermittent thin clays. Approximately 21 0' of undifferentiated Arcadia 
carbonates overlie a 70' basal sequence of sands and sandstones. 



A t  TR7-2, the undifferentiated Arcadia represents the uppermost, vertically persistent 
sequence of carbonates in the geologic column, although the limestones contain a substantial 
percentage of clastics. A high average percentage of clay and typical calcilutitic grain size 
combine to  limit unit permeability. Effective porosity is enhanced where a greater portion of 
the limestone is calcarenitic, but increases in permeability generally correlate wi th moldic 
(gastropods, bivalves) beds. 

The carbonates show an overall permeability increase with depth through three generally 
defined zones. The uppermost calcilutite beds (48 - 155' BLS) contain approximately 15 - 
25% clay with approximately 3 - 5% phosphatic and/or quartz sand. lnterbedded calcareous 
clays are common, and the combination results in a poorly permeable unit. 

Carbonate beds from 155 - 21 0' BLS contain far less clay, while phosphatic and quartz sand 
are found in 10  - 15% and 15 - 30% concentrations respectively. These "middle" carbonate 
beds exhibit a marked increase in effective porosity, the result of which is noted in Table A1 - 
1, which profiles corehole yield during airlifting events. This sequence of beds is the 
uppermost semi-transmissive, confined limestone in the intermediate aquifer system at TR7-2. 

The lowermost undifferentiated Arcadia carbonates (210 - 260' BLS) retain moderate 
concentrations of accessory phosphatic sand (approximately lo%) ,  and quartz sand (8 - 
15%), but clay concentration increases markedly to  approximately 10  - 15%. Variably 
elevated percentages of moldic porosity are responsible for unit permeability increases, which 
made these carbonates the most transmissive found in the intermediate aquifer at TR7-2. 

Lithology of the undifferentiated Arcadia changes distinctly at 260' BLS, where the described 
carbonates unconformably overlie a lower clastic unit. The 260 - 306' interval is comprised 
of unconsolidated, very fine t o  medium quartz sand. Only the upper five feet possess minor 
induration, due t o  clay content of approximately 30%. Phosphatic sand was present in 
concentrations ranging 3 - 8%. Samples from 295 - 306' were not retrieved as the CME 55 
rig advanced temporary casing through that interval, but drilling description indicated poor 
induration similar t o  the overlying sands. 

The interval between 306 and 332'  BLS is composed almost entirely of bedded quartz arenite, 
and variably calcareous and clayey quartz sandstones, which form the lower confining beds 
of the intermediate aquifer system. The uppermost sandstone bed of this interval is poorly 
indurated and contains accessory matrix clay and many clay streaks. Many of the underlying 
beds are recrystallized and are both extremely well indurated and poorly permeable. Some 
beds (31 9 - 324', 324  - 329') contain small, aligned voids (which appear t o  be the result of 
dissolution of shell fragments) lined with secondary quartz concretions. 

It appears that this clastic unit (260 - 332') may correlate westward with beds of 
unconsolidated, phosphatic quartz sand containing calcite-recrystallized mollusk fragments at 
244  - 280' BLS (ROMP TR7-1; LSD = 8' NGVD). The TR7-1 sands are described by Campbell 
(1 992) as part of the (undifferentiated) Arcadia Formation, but without well-indurated basal 
beds. A nine foot (244 - 253' BLS) bed of unconsolidated phosphatic quartz sand was also 
described eastward at ROMP TR7-4, there approximately 125' above the (undifferentiated) 
Arcadia I Tampa Member contact (Decker, 1988). 



4.24 Tampa Member of the Arcadia Formation (332 - 444' BLS) 

The contact between the undifferentiated Arcadia Formation and the underlying late Oligocene 
(McCartan, undated) to  Early Miocene (Scott, 1988) Tampa Member of the Arcadia Formation 
at TR7-2 is marked by the transition from hard, calcareous, clayey quartz sandstone, through 
a thin (332 - 335.5' BLS) bed of dolomitic sandy calcilutite above 1.5' of sand or cavity-fill, 
t o  upper interbeds of moldic quartz-sandy calcilutites and calcarenites (typical upper Tampa 
Member lithology in the region). The referenced dolomitic, sandy calcilutite bed appears to  
be an altered Tampa Member surface, wi th the sandlcavity-fill below consistent with 
dissolution processes often enhanced near contact zones or tops of confined aquifers. 
Secondary permeability of this contact zone was apparent, as drilling circulation was lost or 
problematic through these beds. This zone also represents the top of the Floridan aquifer 
system 1 Upper Floridan aquifer. 

Lithologically, the Tampa Member can be subdivided into an upper quartz-sandy limestone 
(332 - 3801), and a lower (380 - 444') variably dolomitic, quartz-sandy limestone at TR7-2. 
Both units have high quartz sand percentage and high amounts of calcilutite matrix. 
Phosphatic sand is noted almost throughout the Tampa Member in concentrations of 1 - 3%. 
Porosity is consistently high (moldic, intergranular) throughout the Tampa, wi th considerable 
permeability at formation contacts, and throughout the dolomitic unit. 

The upper quartz-sandy limestone is generally yellowish gray, moderately well indurated, and 
fossiliferous (bivalves, gastropods, and the foraminiferid Sorites). Some beds contain trace 
amounts of euhedral calcite in vugs and molds. 

The lower, variably dolomitic quartz-sandy limestone is yellowish gray to  very light orange, 
moderate t o  well indurated, and fossiliferous (bivalves, gastropods, Sorites, coral, and trace 
amounts of organics). Intermittent chert stringers are found in this lower section, especially 
near the contact with the underlying Suwannee Limestone, where they occur in the relative 
absence of dolomitic horizons. 

4.25 Suwannee Limestone (444 - 682' BLS) 

Delineation of the unconformable (Scott, 1988) contact between the Tampa Member of the 
Arcadia Formation and the underlying Oligocene Suwannee Limestone was based upon the 
transition through lowermost Tampa quartz-sandy (cherty) calcarenite layers into beds of pale 
orange, non-sandy, biogenic limestone, typical of the upper Suwannee Limestone. A t  TR7-2, 
lithology of the Suwannee sequence showed four to  five general permutations, and certain 
deeper beds displayed characteristics uncommon for southwest Florida. 

Some of the lithologic variations appear t o  correlate to  the transmissive local nature of the 
Suwannee Limestone. Where recrystallized beds are present, enhanced unit transmissivity 
was often noted. Recrystallization may be ongoing, and occurring via the passage of over- 
saturated waters through lithologic zones of contrasting whole-rock chemistry (mineralogy, 
pH), or the recrystallized zones may be relic and chemically stable, or even themselves out of 
equilibrium wi th  current transmitted water quality. Regardless of present waterlrock chemical 
interaction, the recrystallized beds generally proved to  be quite permeable. 



Uppermost beds of the Suwannee Limestone (444 - 473' BLS) are porous (averaging 25 - 
30% moldic and intergranular porosity), non-sandy skeletal grainstones, containing persistent 
trace amounts of both pyrite and euhedral calcite. These beds have been lightly to  moderately 
recrystallized, rendering them variably quite competent. Mollusks and milliolids are abundant, 
and some Sorites were noted. 

A t  473' a 2.5' thick, olive green calcareous clay bed was encountered. The clay, which 
contains 2% pyrite, is well indicated on natural gamma geophysical logs (log trace spikes to  
350 counts per second). It separates the upper variably recrystallized beds from the 
underlying non-recrystallized fossiliferous skeletal grainstones, which continue to  
approximately 51 5' BLS. Near that depth (509' BLS sampling event), coring data (Table A2-1) 
indicate a particularly transmissive zone which yielded 60 gpm during airlifting. The permeable 
bed is associated with the top of the 51 5 - 576' interval of somewhat recrystallized biogenic 
calcarenites. These beds also contain organic and pyrite specks in persistent, but trace 
amounts. Porosity (intergranular, moldic) is fairly high, averaging 25-35%, and induration is 
moderate. The 475 - 576' interval is particularly distinct on caliper logs run through that 
depth, as it routinely wallowed-out during reverse air drilling. 

Between 576' and 628' BLS the bedded calcarenites and lesser calcilutites were found t o  be 
dolomitic. In some beds the fossil fragments have been preferentially dolomitized, while in 
others, the fine calcilutite matrix has instead become dolomitic. Organic specks are variably 
present, in minor amounts and concentrated in thin laminae. Milliolids and mollusk fossils are 
common, and occasional coral and concentrations of foraminiferids (Dictvoconu~, etc.) were 
noted. Unit porosity varies wi th amount of matrix calcilutite, and ranges from 15% t o  as high 
as 40% in well-sorted skeletal/pelletal grainstones. Induration is moderate to  good, with 
occasional softer calcilutites. 

Distinct dolostones are present in the lowermost Suwannee Limestone (628 - 682'  BLS). 
They are quite evident in both visual inspection of the core and caliper logs run through the 
section. Their dark yellow-brown hue, persistent organic content, and occasional fractured 
beds make the variably calcareous dolostones appear quite similar t o  those of the Eocene 
Avon Park Formation. Unit porosities were generally described as low (5 - 22%), but fractures 
(notably at 635') in the crystalline dolomite provided substantial yield. Once tapped into this 
zone, in excess of 55 gpm was produced while airlifting during coring and sampling processes, 
and flowmeter logs run during a later pump test of an onsite 700' well (cased t o  360') 
indicated substantial contribution from the bottom-hole dolostones. 

4.26 Ocala Limestone (682 - 944' BLS) 

The top of the unconformable contact (Chen, 1965) zone between the Oligocene Suwannee 
Limestone and the underlying sediments of the late Eocene Ocala Limestone was picked at 
682' BLS based on the downward transition from relatively consistent, hard calcareous 
dolostone into a variably indurated sequence of soft interbedded calcilutite and organic 
calcareous clay (682 - 684'), moderately hard, slightly dolomitic, fine-grained calcarenite (684 
- 6901), and hard, medium-grained, recrystallized calcarenite (690 - 700'). 



This zone was drilled through several other times at TR7-2 during general well construction, 
and was found to  vary lithologically. Where the recrystallized beds as described above were 
noted, the contact zone yielded water (i.e., the 682 - 695' interval of the permanent deep 
Upper Floridan well). On other holes, the interbedded calcilutite and organic calcareous clay 
were predominant, and the contact zone was not transmissive (i.e., the permanent shallow 
Upper Floridan well, and the pumped shallow Upper Floridan I deep exploratory hole). The 
tight unit appears to be a variably thick weathering residuum overlying a thin, inconsistently 
dissolutioned and recrystallized, porous calcarenite. 

Below the contact-zone lithologic sequence, the Ocala Limestone consists of both an upper 
limestone unit (7001705' - 849'  BLS), and a lower dolostone section (849 - 944' BLS). A t  
TR7-2, the limestone unit is described as interbedded chalky, granular, fossiliferous 
(foraminifera, i.e., ~p idocvc l ina,  Nummulites; echinoids, mollusks), calcilutite and very fine 
grained calcarenite. Induration is somewhat poor, and there is a distinct lack of accessory 
minerals and quartz sand. Porosity is somewhat low, averaging 15 - 20%, and is largely 
intergranular (some moldic). Moderate sorting and small grain size limit permeability, except 
where fossil molds are concentrated. Trace amounts of organic specks are found throughout 
the unit. 

There is a distinct decrease in the number of foraminiferid fossils in the well-indurated 
calcarenite described from 81 7 - 843' BLS. From 843 - 849', the calcarenite is dolomitic, well 
indurated, and the foraminiferid skeletons present are chalky, rather than calcitic, as they are 
higher in the section. 

The 849 - 944' interval of the Ocala is composed of dark yellowish-brown, very well indurated 
calcareous dolostone. Where sucrosic, the dolostone bears strong textural and faunal 
resemblance t o  the foraminiferid zones of the overlying calcareous unit of the Ocala, including 
the presence of numerous molds of k~ idocvc l i na  and Nummulites. Disseminated organic 
specks persist throughout most of the dolostone and are present in up t o  2 %  concentration 
at 907 - 914'. Upper dolostone beds (849 - 903') appear to  exhibit more porosity (moldic) 
and permeability than all but the lowermost (936 - 944') Ocala dolostone beds, which contain 
high angle fractures. 

4.27 Avon Park Formation (944 - 171 5" BLS) 

The Avon Park Formation, of Middle Eocene age is unconformably overlain by sediments of 
the Ocala Limestone (Chen, 1965). The contact between the Ocala Limestone and the Avon 
Park Formation was indicated at TR7-2 by the downward progression from an organic- 
specked, moldic (Nummulites), sucrosic dolostone t o  an echinoid-rich (Neolaaanum), 
somewhat organic, dolostone with variably calcilutitic horizons. Calcarenitic interbeds 
containing the foraminiferid Dictvoconus were found deeper in the section, while the Ocala 
index foraminifera ( ~ i d o c v c l i n a ,  Nummulites) were not noted below 944'. Dolostones above 
and below the Ocala I Avon Park contact were found t o  be fractured, providing a transmissive 
contact zone as evidenced by coring results in Table A3-1. 

The upper Avon Park Formation consists of a sequence of interbedded dolostone and 
calcarenite. Uppermost sediments present are fine-grained, variably calcareous dolostones, 



which extend to  966'. lnterbeds of echinoid- and mollusk-rich limestone and dolostone, some 
containing organic laminations, are found at 966 - 975'. Partly recrystallized, chalky, fine- 
grained fossiliferous calcarenite comprises the 975 - 1005' interval, and calcareous dolostone 
containing organic laminae occurs 1005 - 101 8'. 

The 101 8 - 1054' BLS interval is composed of bedded calcarenites and dolomitic calcarenites. 
Although porosities were described in the 15 - 35% range, yield testing during coring 
indicated a relatively less-permeable zone compared t o  dolostone above and below. Organic 
laminations were common, as were fossil fragments and foraminifera. Marine plant rootlet 
molds were noted in chalky calcarenite at 1038'. Calcareous beds in the 1039 - 1054' 
interval were generally less porous than those immediately above. 

A thick sequence of Avon Park dolostone was encountered from 1054  - 1660' BLS. The 
upper nine feet (1054 - 1063') was hard, and although containing pinpoint vugs, appeared 
unfractured and non-transmissive in the recovered core sample. A t  1063 - 1065', an 
extremely porous/permeable sucrosic dolostone was encountered which produced a sharp 
increase in groundwater chloride concentration (from 320 mgll at 1049' t o  231 6 mgll). Later 
induction logging through this zone produced a subdued spiking of signal trace at 1073', 
indicating the current upper horizon of the freshlsaltwater mixing zone. A t  1085', significant 
induction log response, peaking in excess of 40000 mS1m was noted, thus identifying the 
actual saltwater interface. 

A "highly permeable zone" (Ryder, 1985) is recognized in beds of the Avon Park Formation 
(and at some locations, up into the lower Ocala Limestone) in southwest Florida. This zone 
predominantly consists of dolostones and lesser calcarenites that are extremely transmissive, 
due t o  the horizontal and vertical extent of fracturing. Blocky fragments from these beds 
often fall in or pluck-out during drilling, enhancing wellbore storage and well yield, but creating 
difficulties in the drilling and testing process. 

The top of the highly permeable zone at TR7-2 was placed at 1063' (it may actually include 
the dolostone from 1054' down, where fractured), and was found t o  extend consistently t o  
the depth of 1210'. Deeper dolostones were hard, and found to  contain a few more well- 
fractured intervals (1 290 - 1375'; 1500 - 1525'; 1575 - 1640'). The dolostone t o  1660' BLS 
was noted t o  generally be (description below 1094' based on cuttings) organic, recrystallized, 
and variably sucrosic. 

A t  1660' BLS, the middle confining unit of the Floridan aquifer system was delineated by the 
presence of uppermost beds of gypsum. The gypsum contains up t o  30% interbedded 
dolostone, and overlies a 28' sequence (1 670 - 1698' BLS) of gypsiferous dolostone. A 
rotary core barrel was used t o  collect final lithologic samples from the well. The 1698 - 171 3' 
cored section was composed almost entirely of massive gypsum and/or anhydrite, wi th minor 
partings of dolostone. This impermeable sequence, in its here-undetermined thickness, 
provides the hydraulic separation between Upper and Lower Floridan aquifers. Although there 
are few data points in the area with which t o  map the occurrence of the middle confining unit, 
geophysical logs from a well drilled 4.5 miles t o  the northwest (Manatee County Wastewater 
Treatment Plant, Bradenton; Well# W-15831) indicate a distinct spiking of the short- and long- 
normal log traces at 1 5 1 0  - 1 630' BLS (LSD = 1 6' NGVD). This appears consistent with 
probable penetration of evaporite-bearing beds, as evidenced in the geophysical logging of 



other ROMP exploratory drilling in the region. Lithologic description of cuttings from the 
Treatment Plant well provided no emphatic evidence of substantial evaporite, although minor 
traces of gypsum were described between 1580 - 1630'  BLS. 

5.0 HYDROLOGY 

Due to  their mineralogic (rock chemistry) and physical composition (grain size, porosity, 
texture), the geologic units detailed above produce a bedded, multi-layered, multi-aquifer 
system. A surficial aquifer system (SAS), intermediate aquifer system (IAS; including 
uppermost confining clay beds, upper semi-confining carbonates, and a transmissive lower unit 
composed of distinct carbonate and clastic beds), and Floridan aquifer system (FAS; including 
Upper Floridan aquifer (composed of transmissive shallow and deep units, separated by semi- 
confining beds of  the Ocala Limestone), and uppermost beds. of the middle confining unit) 
have been delineated at the site via the exploratory drilling and testing program (Figure 10). 

5.1 Surficial Aquifer System 1 SAS (LSD - 21 ' BLS) 

In western Manatee County the SAS is composed primarily of Holocene and Pleistocene 
sediments, previously described as marine terrace deposits. The undifferentiated surficial 
deposits in the region range in thickness from 1 - 30'. A t  TR7-2, the surficial aquifer occupies 
the saturated extent of the undifferentiated surficial deposits (LSD - 21 ' BLS), including the 
associated (Pliocene Tamiami Formation?) carbonate bed (1 7 - 21 ' BLS). Lithologically, the 
SAS consists of  approximately 17' of somewhat clayey, iron-stained quartz sands and shell 
beds, atop and hydraulically connected to  a four foot bed of shelly, moldic (dolomitic?) 
limestone. 

As noted during recovery periods of pumping the permanent surficial aquifer monitor, the SAS 
recovers quite quickly, due apparently in large part t o  contribution from the limestone bed. 
Lynn Barr (Personal communication, 1994) indicates that clays in coastal Sarasota County, 
south of the TR7-2 site, there isolate Tamiami Formation beds from the SAS, and the confined 
Tamiami beds there constitute "permeable zone 1 " of the intermediate aquifer system. 

Water Level 

The water table in the SAS at the TR7-2 wellsite fluctuates in response t o  local and basinal 
rainfall events and seasonal meteorological trends. During wet periods, the water table is 
within one foot of  land surface, while during dry seasons, water levels may be found t o  drop 
t o  five feet or more below land surface. Although nearly comparable water levels in the 
surficial and upper intermediate semi-confining bed monitors were measured September- 
November, 1992 (during coring), the intervening clays of the Peace River Formation would 
seem to  preclude substantial interaction between the t w o  units, and trends may diverge 
seasonally. 



5.2 lntermediate Aquifer System I IAS (21 - 332' BLS) 

The IAS includes all water-yielding units and confining units between the overlying SAS and 
the underlying FAS (Southeastern Geological Society Ad Hoc Committee on Floridan 
Hydrostratigraphic Units Definition., 1984). Total thickness of the IAS is approximately 31 0 '  
locally. The base of the lower confining beds of the IAS was delineated at the contact of the 
undifferentiated Arcadia Formation and Tampa Member of the Arcadia Formation (332' BLS). 

At  TR7-2, the IAS is composed of upper confining and semi-confining beds between 21 ' and 
155' BLS overlying a 155' sequence of gradationally permeable carbonate and clastic beds. 
Lower confinement is provided by a dense quartz sandstone (310 - 332' BLS). The water- 
yielding units of the IAS consist of somewhat- to moderately-transmissive moldic beds of 
phosphaticlquartz-sandy calcilutites and calcarenites, and unconsolidated sands within the 
lower undifferentiated Arcadia Formation. 

Uppermost confining beds in the IAS are the 27' thick bedded clays of the Peace River 
Formation, directly underlying the SAS. In coastal Manatee and Sarasota Counties, the Peace 
River Formation is a continuous, shallow sequence of dense, plastic, non-sandy clay beds. 
At  TR7-2, these clays lie atop approximately 1 10' of semi-confining calcilutitic beds which 
contain isolated thin moldic horizons capable of yielding limited amounts of water (1-5 gpm 
profiled while airlifting the corehole; 0.4 gpm produced during the single-well test of the upper 
intermediate aquifer monitor). 

Between 155' and 260' BLS, the undifferentiated Arcadia Formation carbonates contain 
increasing amounts of moldic porosity, resulting in (corehole-profiled) yield increase from 1 0  
gpm at 165' to  45 gpm at 245' while airlifting through the core rods. A slight, but persistent 
increase in yield (from 45 t o  5 0  gpm) occurred as coring continued well into unconsolidated 
quartz sand beds from 260 - 295' BLS. The underlying dense, well-indurated quartz arenite 
(in places moldic), and clayey quartz sandstone provided confinement between the IAS and 
FAS. 

Although cooperative SWFWMD 1 United States Geological Survey maps of the Potentiometric 
Surfaces of the lntermediate Aquifer System, West-central Florida (Mularoni, 1994a; Mularoni, 
1994b) indicate the potential for the existence of a distinct upper intermediate aquifer unit 
(there termed the Tamiami-Upper Hawthorn aquifer) in the TR7-2 area, the lack of local data 
points has been a concern (Figures 11, 12). The IAS might be differentiable into both a 
lower, and a very vaguely-expressed upper unit (calcilutites, with minor calcarenitic beds) at 
the TR7-2 site, but t o  do so may be problematic. Farther south, beds of the Tamiami are 
confined and consistently included as the uppermost permeable zone of the IAS in the region 
(Mularoni, 1 994a, 1994b; G. L. Barr, personal communication, 1994). At TR7-2, the 
uppermost basal limestone (at 17-21 ' BLS), possibly a thin outlier of the Tamiami Formation, 
is hydraulically connected to  the surficial sands and well-separated from underlying carbonates 
of the undifferentiated Arcadia Formation by 27'  of clay. The IAS is therefore considered here 
t o  be non-separable, lacking a transmissive upper unit. Period-of-record water level recording 
will provide ultimate determination of whether the monitored semi-confining beds open to  the 



upper intermediate aquifer monitor at TR7-2 correlate potentiometrically as a far-north 
extension of the upper intermediate aquifer. 

Onsite potentiometric data collected during 1992 coring relate water levels somewhat similar 
between the upper and lower zones (intermediate zones monitored during initial coring were 
6 0  - 75'  and 200  - 250' BLS intervals). A lag in drawdown response in the upper unit while 
pumping the lower unit was noted during the drilling/sampling process though, which may be 
attributable t o  the semi-confining nature of the unit between 48  - 155' BLS. 

Potentiometric Levels and Flow 

Direction of f low in the "combined" IAS in the region is generally westward, although a 
thinning of the southwest-northeast aligned potentiometric ridge in western Manatee County 
appears t o  be evident in recent maps of the potentiometric surface (Mularoni, 1994a, 1994b). 
In the wellsite vicinity, potentiometric f low may also be directed south-southeast in the 
direction of an embayment in the potentiometric surface. Additionally, the potential for 
regional discharge via upward leakage to the SAS exists (the potentiometric surface of the IAS 
appears t o  typically range higher than recorded TR7-2 water table measurements), but appears 
unlikely in the TR7-2 locale due t o  the intervening 27' thickness of competent clay. 

The lower parts of the IAS likely receive some recharge via upward leakage from the Upper 
Floridan aquifer in the region, where the lower intermediate confining beds are not as 
competent as the sandstones at TR7-2. Water quality profiled during coring indicates waters 
purged from the basal quartz sandstones, if not upconed from the Floridan during the pumping 
process, t o  have similar chemistry t o  that of Upper Floridan waters.] 

Potentiometric levels in the (combined) IAS appear to  vary mainly in response to  seasonal 
fluctuation in drawdown of the Upper Floridan aquifer. A t  the end of the wet season 
(September 1 993; Figure 1 3), IAS potentiometric levels at TR7-1 registered approximately 
22' NGVD (Mularoni, 1994b). The potentiometric surface for the (combined) IAS at the end 
of the recent dry season (May 1993; Figure 14) was about 18' NGVD at nearby ROMP TR7-1 
(Mularoni, 1994a). Since the elevation at TR7-2 is approximately 19' NGVD, a well completed 
in the lower IAS may, without adequate standpipe or wellseal, f low during some wetter 
seasons. 

While coring at TR7-2, potentiometric levels in the active coreholes were profiled versus 
corehole depth and plotted as Figure A1 -2. Rapid drilling and slow aquifer recovery precluded 
collection of many data points in the IAS, but corehole water levels ranged between -1.72' 
BLS (at corehole depth 99.5' BLS) and -1.31' BLS (at corehole depth 264.6' BLS). Profiled 
potentiometric levels rose t o  above land surface as the Upper Floridan aquifer was penetrated. 

5.3 Floridan Aquifer System I FAS (332 - 1715" BLS) 

The FAS is regionally composed of a generally transmissive, vertically and horizontally 
extensive sequence of limestone and dolostone, as well as middle evaporitic confining beds. 
It is present throughout the state, and is the deepest part of the active groundwater f low 
system on mainland Florida (Southeastern Geological Society Ad Hoc Committee on Florida 



Hydrostratigraphic Unit Definition, 1986). In western Manatee County, it underlies, and is 
confined by the IAS. The FAS extends from 332' to  below exploratory depth of 171 5 '  at 
TR7-2. In peninsular Florida, the base of the Floridan coincides with the top of a regionally 
persistent sequence of evaporitic beds (Sub-Floridan confining unit) occurring near the top of 
the Paleocene Cedar Key Limestone. 

A t  the TR7-2 site, the FAS stratigraphically includes the Tampa Member of the Arcadia 
Formation down to  those parts of the Cedar Key Limestone not included as part of the Sub- 
Floridan confiner. The FAS itself is further subdivided into an Upper Floridan aquifer (at TR7- 
2, the Tampa Member, Suwannee Limestone, Ocala Limestone, and all carbonate beds of the 
Avon Park Formation above the evaporite-bearing dolostones and bedded evaporites 
encountered at 1660' BLS), a middle confining unit (those evaporite and evaporite-bearing 
beds of the Avon Park Formation and underlying Eocene Oldsmar Formation) and a Lower 
Floridan aquifer (transmissive beds of the Oldsmar Formation and Cedar Key Limestone 
between the evaporitic middle confining unit and Sub-Floridan confining unit). 

Testing done at the TR7-2 site indicates substantial transmissivity differences among shallow 
Upper Floridan units (Tampa Member of the Arcadia Formation, Suwannee Limestone), semi- 
confining calcarenite beds of the Ocala Limestone, and the underlying Ocala dolostone beds 
and Avon Park Formation. For purposes of this report, the Upper Floridan aquifer is therefore 
further differentiated into a "shallown and "deepn section, separated by the Ocala semi- 
confining calcarenites (Figure 10). Relevant, but less extensive Avon Park calcarenites and 
their effect on the current position of the freshwater-saltwater transition zone are also 
addressed, as is the highly permeable zone of the fractured Avon Park dolostones. 

An additional hydrogeologic zonation, the freshwater-saltwater transition zone was 
encountered during exploratory drilling at this coastal location. Above the transition zone, a 
gradual mineralization-with-depth of aquifer waters was noted, primarily due t o  increases in 
sulfate and chloride concentrations. A fairly thin and abrupt transition zone was encountered 
between 1063 - 1085', in which the mixing of fresh groundwater and intruded seawater was 
noted in water chemistry. The profiled chloride concentration (Table A3-2) increased rapidly 
wi th depth from 320 mgll (1049' sample) to  10,500 mgll (1094' sample) while sulfate 
concentration increased from 51 0 mg/l analyzed at 1049' to  1600 mgll at 1094'. Below the 
thin transition zone, chloride concentrations persist in the range of normal seawater (1 6,500 
- 19,500 mg/l), and sulfate levels were noted in concentration of 2950 - 3400 mgll, higher 
than that of seawater, but likely indicative of an intermingling with deep-flowpath Floridan 
groundwater, mineralized by movement across sulfate-rich evaporitic beds. 

The Upper Floridan aquifer at TR7-2 is confined by the overlying, well-indurated basal 
sandstone beds (307 - 332' BLS) of the undifferentiated Arcadia Formation, present locally, 
but not traced on a regional scale. Permeameter testing of a non-moldic, representative 
sample of the unit (31 5' BLS) measured an average vertical hydraulic conductivity of 1.4 Em 
ftld. Potentiometric level encountered on drilling below these beds was slightly higher than 
that of the lower IAS units, and drilling circulation was quickly lost on penetrating the Tampa 
Member of the Arcadia Formation due to  unit permeability. 

A continuously transmissive shallow Upper Floridan aquifer was profiled during coring and 
testing at TR7-2. Although productive in general, zones near the Tampa Member I 



undifferentiated Arcadia contact, Suwannee Limestone / Tampa Member contact, and upper 
beds of the lower Suwannee dolostones yielded extremely well. As addressed under &Q 
GEOI OGY, the Suwannee Limestone / Ocala Limestone contact zone was found t o  be variably 
permeable (the zone produced well only where the upper Ocala beds were recrystallized, 
rather than where organic calcilutitic clay predominated). 

Interbedded, very fine grained calcarenites and calcilutites of the upper Ocala Limestone 
section (700 - 843') act as semi-confining beds, yielding little water. Corehole yield profiles 
(Tables A2-1, A3-1) do not accurately represent yield of this zone due to apparent corehole 
connection with lower production zone of the lower Suwannee dolostone, or transmissive 
section of the Suwannee / Ocala contact. Packer tests run on the upper Ocala calcarenitic 
zones indicated transmissivities ranging 1.6 - 5.3 ft2/d, and produced distinctly less- 
mineralized water than those obtained during the coring process, a further indication of unique 
zonation of the poorly permeable Ocala calcarenites. 

Below the tight calcarenites and calcilutites of the upper Ocala Limestone present, the upper 
3 0  - 40' of Ocala dolostone was noted t o  yield well (46 gprn while airlifting through corerods). 
Productivity in the lower Ocala dolostone section (approximately 885 - 940' BLS) then 
decreased with depth from 35 to  27 gprn as coring proceeded t o  the contact wi th the Avon 
Park Formation at  944' BLS. A packer test conducted on the 851 - 900'  BLS interval yielded 
transmissivity of 16  ft2/d, confirming the initial limestone-to-dolostone-related rise in 
permeability noted in coring of the Ocala (up from 1.6 - 5.3 ft2/d measured in the upper Ocala 
Limestone). 

The Avon Park Formation, although moderately t o  highly transmissive in its extent above the 
Middle Floridan confining unit, contained a relatively less-transmissive zone of bedded, very 
fine grained calcarenites at 101 8 - 1054', situated immediately above the top of the fractured 
dolostone highly permeable zone. Above this calcarenite sequence, the interbedded dolostone 
and lesser calcarenites of the uppermost Avon Park Formation yielded a substantial 47  - 51 
gprn while airlifting through corerods, while in the 101 8 - 1054' calcarenite sequence, only 
3 2  gprn was produced during coring (30 gprn was produced during packer test #5, open t o  
the 1020 - 1048' interval). The significance of the relatively tight calcarenite sequence was 
evidenced when a sharp rise in specific conductance (from 1990 umhos at 1049', t o  7570 
umhos at 1069') was profiled just below it, in a zone that produced 57 gprn (airlifted) of 
denser, moderately saline water. 

An  induction geophysical log was run on the TR7-2 deep-exploratory hole prior to  setting the 
temporary conductor pipe t o  1 109' BLS. Logging confirmed top of the freshwater-saltwater 
transition zone at approximately 1065', with an induction conductivity reading of almost 
30,000 mS/m by 1085'. The induction tool was unavailable for later maximum-depth logging 
at the site, although reverse air drilling and sampling from 1104' through total depth of 171 5 '  
BLS produced specific conductivities ranging between 43,000 t o  5 1,100 umhos. 

The fractured, highly permeable zone, first penetrated at 1063', extends to  at least 121 0' 
BLS. Lesser fractured intervals were noted on later caliper logs at 1290 - 1375', 1500 - 
1525', and 1575 - 1640'. Although characterization of actual zone yield became unreliable 
during drilling due t o  use of oversized rotary bits, this well was airlifted at 75 gpm, producing 
dense, saline water. The highly permeable zone and subsequent deeper fractured zones all 



appeared t o  occur in dolostone, based on description of drill cuttings (Appendix A5). Avon 
Park dolostone is frequently described as crystalline or recrystallized, w i th  fractures a common 
feature. Elsewhere in Manatee County, the highly permeable zone has been found t o  extend 
upward into lower Ocala dolostone beds, and include Avon Park'calcarenite beds (Rappuhn, 
1992). Although not fractured, the calcarenites have a tendency t o  wallow during reverse air 
drilling, and undermine fractured dolomite horizons, adding to  borehole rugosity. 

The base of the Upper Floridan -aquifer is defined as the first occurrence of vertically 
persistent, low permeability intergranular evaporites in the lower Avon Park Formation (Mahon, 
1989). Below the Upper Floridan lie the impermeable beds of the middle confining unit. 
Bedded evaporite minerals (gypsum, anhydrite) and evaporite-bearing dolostone were first 
penetrated at 1660'  and were encountered through remaining exploratory drilling t o  171 5 '  
BLS. Packer test # 1 0  was conducted on the 1677 - 171 5' interval, which yielded 0.4 gpm 
during airlifting. Post-test water inflow (recovery) was measured at an early, relatively 
constant rate of 0.2 gpm w i th  attendant transmissivity calculated at 0.0846 ft2/d. 

Potentiometric Levels and Flow 

Current regional gradient (wet  season), as well as direction of pre-development Upper Floridan 
f low in the wellsite area is generally west-southwest from regional potentiometric highs 
located northeast and east of Manatee County (Figure 15, Mularoni, 1994d). Inland pumping 
activity has reversed the direction of groundwater f low in coastal Manatee County t o  an 
easterly direction during drier months (Figure 16, Mularoni, 1 9 9 4 ~ ) ~  and has drawn down 
Floridan groundwater levels t o  below sea level in a large area of southern Hillsborough and 
northern Manatee Counties. The TR7-2 wellsite is ideally located to  profile water quality 
trends that will occur as potentiometric gradient in the Upper Floridan cycles through complete 
reversal twice a year if present regional drawdown patterns persist. 

Infiltration o f  precipitation, in amounts of less than 2"/yr through the confining beds accounts 
for some recharge t o  the Upper Floridan aquifer in western Manatee County; leakance is 
considered less than 1 O4 (ft/d)/ft (Stewart, 1980). By far, most water carried in the Upper 
Floridan aquifer is inflow from adjacent areas (Brown, 1983). 

Discharge from the Upper Floridan aquifer is primarily from pumpage, groundwater outflow 
t o  the Gulf, and where Floridan-dominant head regime prevails, upward leakage.across the 
regional confining beds of the lower intermediate aquifer system. An undetermined amount 
of discharge occurs from uncapped, flowing, and improperly constructed wells cross- 
connecting aquifers in the region. 

The regional potentiometric surface of the Upper Floridan aquifer in the region during May 
1993  (dry season) was recorded at 10'  NGVD (Mularoni, 1994c), and in September 1993 
(wet season) at 17 '  NGVD (Mularoni, 1994d). In 1993 the potentiometric surface of the 
composite intermediate aquifer system was 5 '  (wet  season) to  8 '  (dry season) higher than that 
of the Upper Floridan aquifer. Since the intermediate aquifer system is not pumped as 
extensively as the Upper Floridan aquifer, induced downward leakage from the intermediate 
aquifer system is probably occurring as a response t o  decreased potentiometric head in the 
Upper Floridan aquifer (Mahon, 1989). 



Potentiometric levels recorded in the active coreholes (Tables A1 -1, A2-1) showed a distinct 
rise from approximately 1 - 1.5' BLS, while drilling the lower IAS, t o  almost 1.7' ALS (above 
land surface) on sufficiently penetrating the shallow Upper Floridan aquifer. A reading of 0.8' 
ALS was the initially rgcorded FAS water level, after casing-off lower transmissive beds of the 
IAS in corehole #2. Corehole potentiometric profiling showed a very mild rising trend 
(attributable to  regional pattern, Figure 17) until penetrating a transmissive zone near 630' BLS 
in the lower Suwannee dolostone beds, where a sharp rise of 0.6' occurred. The head rise 
was found t o  correlate wi th a notable change in water quality (from 1200 umhos to  1900 
umhos) and an increase in airlifted well yield (40 to  55 gpm), indicating a major, discrete 
production zone. This zone was further identified as strongly transmissive during the shallow 
Upper Floridan aquifer test, based on flowmeter logs run during the step-drawdown test 
(Figure A9-3). 

Potentiometric profiling associated with coring of the Ocala Limestone and upper Avon Park 
Formation reflected regional potentiometric patterns through the depth of 1050/1060'. Upon 
encountering the freshwater-saltwater transition zone, density differences associated with 
elevated chloride concentrations were responsible for the rapid decline in corehole 
potentiometric head. Over a one day period, as the corehole was advanced from 1049' t o  
1094', measured potentiometric level dropped from 1.52' BLS to  15.7' BLS, as specific 
gravity of the penetrated water rose from 1.000 t o  1 .013. 

6.1 Surficial Aquifer System I SAS (LSD - 21' BLS) 

Water quality in the SAS is primarily affected by the composition and relative solubility of local 
surficial materials, a low pH, and quite possibly the influence of abandoned, inappropriately 
sealed wells which exist in the region. Water sampled (April 1993) from the completed and 
purged permanent surficial aquifer monitor (Appendix A1 2) was dark (which may result from 
iron or organic material prevalent at the wellsite), and specific conductance was field- 
measured at 1420 umhos. A Stiff diagram drawn from the SWRNMD laboratory standard 
complete analysis is rendered as part of Figure A1 2-1. The reported concentrations of 
sodium, calcium, chloride, sulfate, and bicarbonate appear inappropriately high for unaffected 
SAS waters (Jones, DeHaven, et al., 1990), and seem to  indicate the influence of sulfate- and 
chloride-rich waters more typical of the local IAS or FAS. 

Sampling undertaken in September 1992 in the recently constructed permanent surficial 
aquifer monitor produced specific conductance of 1050 umhos, still high for unaffected SAS 
waters, but lower than that of the later April 1993 sample. Potential influences t o  the local 
SAS water chemistry might include marine aerosols, land application of IAS 1 FAS irrigation 
waters, local tidal channel intrusion of saltwater into the permeable basal limestone bed, or 
interaquifer exchange through improperly constructed wells or natural features. Alternatively, 
the monitor well drilling process may be at fault, with drilling discharge pits for the 
construction of the deeper permanent monitors temporarily located approximately 65' away 



from the permanent surficial aquifer monitor. Period-of-record sampling will be monitored to  
provide further insight. 

6.2 Intermediate Aquifer System I IAS (21 - 332' BLS) 

Local water quality profiled during coring in the IAS, although generally characterized within 
conductivity ranges of 738 - 990 umhos and 439 - 738 mgll total dissolved solids, varied 
substantially in major ion ratios. Specific gravity of profiled water samples, measured onsite 
with a hydrometer, stayed within a very narrow range (0.998 - 1.000), not uncommon for 
relatively fresh groundwaters. 

Water samples were retrieved after every 10 - 20' cored through the IAS. Presentation of 
results of SWFWMD laboratory analyses are presented in Tables A1 -2 and A2-2. "As-built" 
water samples from the upper and lower intermediate monitors were also analyzed, and are 
presented in Figure A1 2-1. Initial sampling of the completed upper intermediate aquifer 
system (semi-confining beds) monitor has produced problematic pH results (1 1.4). The high 
pH values may be attributed to  cement grout contamination in the wellbore resulting from a 
shale packer failure during construction. Although the hole was then reamed out, it has taken 
repeated purging over a year to produce appropriate samples from the semi-confining beds 
monitored. 

Specific conductance and major ions 

Specific conductance fluctuated in the upper, poorly permeable IAS zones, then staged a 
gradual rise from 740 umhos at 165' BLS, to  965 umhos near the base of the IAS (Tables A1 - 
2, A2-2). The rising trend correlates to  the increase in sulfate concentration (29 - 270  mgll) 
through the same zone (calcium trended comparably to  sulfate, although only ranging from 
38  - 71 mgll). Chloride concentration remained within the relatively narrow range of 51 - 86  
mgll. Ch1oride:sulfate ratios were found to  range somewhat erratically from approximately 4: 1 
to  1:3 through most of the unit (Tables A1-2, A2-2). The sample collected at 329', appears 
t o  be influenced by, if not representative of upconed local shallow Upper Floridan sulfate- 
dominant (1 :7) waters. 

Researchers from the University of Virginia (Kauffman, et al.) conducted an independent study 
of pore-water chemistry of the IAS confining clays cored at TR7-2. Lab analyses (Kauffman, 
1993) of pore water squeezed from TR7-2 IAS clay samples (from thick clays of the Peace 
River Formation, as well as thin, intercalated clays found within the undifferentiated Arcadia 
Formation) correlated well with many of the analyses of groundwater sampled during the 
coring process. Those results are found in Appendix A1 3. In general, water chemistry of pore 
water from the thinner clay beds corresponded well wi th water samples obtained by standard 
purging and collection. 

Squeezed water samples from Peace River Formation clays did display some unique results 
for magnesium, sodium, and sulfate. The results are perhaps notable because they profiled 
ion concentrations at levels lower than those that might have been interpolated between 
purged-water sampling of the surficial aquifer and the uppermost Arcadia carbonates. Some 



core-squeeze water samples collected from clays spaced only a few feet apart were found t o  
produce concentrations of ions at up t o  four times that of the adjacent concentration. 

6.3 Floridan Aquifer System I FAS (332 - 1715" BLS) 

At TR7-2, water quality zones in the FAS correlate well with geologic zonation delineated 
during the exploratory drilling in the Upper Floridan aquifer and middle confining unit. In 
general, the groundwater becomes more mineralized with depth as successively deeper 
transmissive zones are penetrated. This is a function of the water's deeper flowpath (longer 
residence time for chemical interaction, physical proximity to  evaporite deposits and fluids in 
greater proximity to  those deposits), and interaction with intruded saline water. Water 
chemistry of the transmissive zones of the Upper Floridan aquifer was found t o  vary from an 
uppermost mildly calcium-magnesium sulfate water, through moderate increases in these 
constituents and in chloride and sulfate in middle zones. In the deeper Avon Park Formation, 
seawater conditions exist ( sodium chloride-rich), with high concentrations of magnesium, 
calcium, and sulfate also present. 

The pattern of greater mineralization with depth did not hold true for every zone of the Upper 
Floridan aquifer, as packer tests provided proof of relatively fresher groundwater zones in the 
less permeable, very fine grained calcarenites of the Ocala Limestone and the upper Avon Park 
Formation (Table A6-B). Profiling of water chemistry with depth during coring was unable t o  
portray the exact presence of fresher zones during the sampling process due t o  the extent of 
open, productive corehole between the sampling point and existing casing bottom. Slight 
decreases in specific conductance of fluid samples from the Ocala and Avon Park Formations 
did provide indication that further testing and/or sampling was required though. 

While coring, water quality samples were collected every 20' (through transmissive zones) t o  
40' (through the poorly transmissive Ocala and upper Avon Park calcarenites) as drilling 
continued in the Upper Floridan aquifer to  the maximum core depth of 1094' BLS. Profiling 
water quality below 1 109' was conducted in conjunction with reverse-air drilling (deep 
exploratory well), after the installation of 1 109' of 8" temporary conductor pipe (Figure A4-2). 
The conductor pipe was used t o  recirculate desilted, saline, drilling discharge pumped from 
the holding pit, back down the intercased wellbore. This allowed the discharge to  be 
conducted (gravity-drain) to  below the saltwater interface in the active wellbore. In doing so, 
all freshwater FAS zones were protected, but integrity of water samples available for the next 
100' drilled were judged as unreliable until substantial, permeable open bore existed between 
bottom of conductor pipe and depth of the exploratory hole. Water samples were collected 
approximately every 30', through the remaining footage to  total depth of 1715' BLS, 
alternating bailer-retrieved samples with samples collected from the reverse-air drilling 
discharge. Results of lab analyses are found in Tables A2-2, A3-2, and A4-2, based on 
configuration of exploratory boring at time of sampling. 

Profiled pH in the FAS shows a continued slight rise from values recorded in the intermediate 
aquifer system until reaching a depth of 409' BLS (Table A2-2). Here, excluding seemingly 
aberrant values, a new trend, probably influenced by the transmissive zone near the Tampa 
Member / Suwannee Limestone contact, predominates. The later drop-off in pH is consistent 
with entering the f low zone penetrated in the carbonaceous, lower Suwannee dolostone. 



Packer tests #1-4 run in Ocala sediments produced higher pH, averaging 8.2. Deeper 
sampling in the Avon Park resulted in pH of approximately 7.4 in non-saline transmissive 
zones, 7.9 in the tight Avon Park calcarenites, and generally lower values (6.8 - 7.5) in 
saltwater-intruded zones. 

Specific gravity, measured at a maximum of 1.001 above the freshwater-saltwater transition 
zone, was calculated at a maximum of 1.027 (packer test #9, 1584 - 171 5') in the saline 
zones below. This reading was consistent with the depth of highest specific conductance 
values recorded. 

Fluid temperature, when plotted by sample results, continued an upward-stepping trend 
through the FAS penetrated (Figures A2-3, A3-3), likely indicating the effect of encountered 
flow zones on gross water character sampled, overlain by a pattern of environmental effects, 
such as ambient air temperature, on the measurement. A gradual rise in fluid temperature 
(versus a pointed rise, where some f low zones are encountered) is expected, as the 
geothermal gradient, rises approximately 0.5-1 degree Celsius per 100' depth. Borehole 
temperature log, run 6/22/94 as part of a maximum-depth geophysical suite, showed 
distinguishable temperature rises with depth (can be read through casing in a static wellbore) 
consistent wi th contrasting-temperature FAS flow zones near approximately 350', 675', 950', 
1005', and 1 145'. A distinct temperature rise at 1640' and on into the bottom of the hole 
may represent the contrast of f low in the lowermost Upper Floridan fractured zone (1605 - 
1640') and stagnant, warmer borehole below, or upwelling of evaporitic brine into a slightly 
higher transmissive bed. 

Specific conductance and major ions 

Water quality profiled during coring in the transmissive shallow Upper Floridan aquifer became 
mildly more conductive with depth, ranging from 1064 umhos at 332' BLS, to  1239 umhos 
at 628' BLS, near the top of the Suwannee dolostones. The waters are described as mildly 
calcium-magnesium sulfate type. The transmissive zone in the Suwannee dolostones 
produced water of 1700 - 1900 umho specific conductance, attributable to  a limited rise in 
sulfate (from 420  t o  510 mgll), and more than a threefold increase in chloride concentration 
(from 6 0  t o  240  mg/l; Table A2-2). 

As established via packer testing, the semi-confining calcarenites of the Ocala Limestone (682 
- 849' BLS) and dolostone beds (849 - 944' BLS) still contain relatively fresh water compared 
t o  transmissive zones above and below. Water chemistry in these beds, as profiled during the 
coring phase (Tables A2-2, A3-2), was impacted by hydraulic connection t o  the lower 
Suwannee dolostones, or a transmissive Suwannee / Ocala contact zone (see 3.1 Fx~loratory 
Drillina). Resultant samples during 682 - 900' (944'?) BLS coring produced analyses skewed 
toward that of the lower Suwannee (1 650  - 1800 umhos specific conductance). Packer tests 
(#I-2)  run in the Ocala Limestone were instrumental in recording specific conductance at 
1100 - 1200 umhos for the upper calcarenitic section and establishing water type as 
moderately calcium-magnesium sulfate (Table A6-B, Figure A6-B). 

Specific conductance of water in the Ocala dolostones, established via packer test # 4  (851 - 
900' BLS) registered 1359 umhos, and appears t o  have influenced water quality sampled 

from the lowermost Ocala calcarenite packer test (#3; 807 - 8501), which analyzed at 1400 



umhos (Figure A6-B). Packer interval #3 may have been drilled-out slightly too deep t o  remain 
within the Ocala calcarenites, but the very limited yield from the 807  - 850'  test interval (3.5 
gpm during packer test #3) indicates no direct hydraulic connection to  the more permeable 
sections of the upper dolostones (which yielded 28 gpm during packer test #4). 

Specific conductance of uppermost Avon Park Formation permeable beds was field analyzed 
at approximately 1950 umhos (949' BLS) during the coring process. The conductivity rise at 
this zone was again attributable to  increase in chloride concentration, here attaining a 0.7:1 
chloride:sulfate ratio. A proportional rise in sodium concentration also occurred. Water quality 
profiled while coring underlying interbedded dolostone and calcarenite in the upper Avon Park 
Formation produced mildly-rising specific conductance (from 1950 umhos at 949'  BLS to  
2 1 1 0  umhos at 1 009' BLS). 

Packer tests #5 and 6 again proved most effective at producing representative water quality 
samples in relatively less transmissive calcarenites (101 8 - 1054' BLS interval of the upper 
Avon Park Formation). Although water quality profiling during coring / sampling registered 
specific conductance of 1990 umhos at 1049' BLS, sampling during packer tests (#5: 1020 - 
1048' BLS at 3 0  gpm, and #6: 1030 - 1048' BLS at 21 gpm) registered specific conductance 

of 1505 and 1528 umhos respectively (Table A6-B). The difference in coring and packer 
samples is attributable t o  higher concentrations of chloride and sodium present in the coring 
samples, produced from transmissive dolostone beds above the packer intervals. The bottom 
of the tested interval in packer tests #5 and 6 was approximately 15'  above uppermost 
horizons of the highly permeable zone of the FAS (which encompasses the top of the 
freshwater-saltwater transition zone at 1065' BLS). Although packer test #5 produced 48'  
of drawdown, and test #6 resulted in 65' drawdown, there was no apparent hydraulic or 
water quality interaction between zones during the pumping event. 

Presence seawater drives the specific conductance of waters between 1065' and 1104' 
upward approximately 42,000 umhos due to  the large influx of sodium chloride (Table A4-2). 
A rise in sulfate was also noted (from approximately 465 mg/l in packer tests #5 and 6, t o  
3200 mg/l in zones above the middle confining unit) to levels above that found in natural 
seawater. This is may be attributable to  residual groundwater rise in sulfate concentration due 
t o  chemical interaction wi th deep evaporitic beds. Both magnesium and calcium 
concentrations also rose sharply to  approximately three times that analyzed above the 
freshwater-saltwater transition zone. Highest specific conductance attained during the 
exploratory drilling and testing at TR7-2 was 51,100 umhos, recorded from a reverse-air 
discharge sample after drilling t o  1667' BLS. A thief sample, collected after packer-testing 
the 1584 - 171 5' interval (test #9), produced a nearly comparable 50,500 umhos. 

Of special note are the water quality analyses associated wi th the lowermost packer test 
( # I  0; 1 677  - 1 7 1  5' BLS). Evaporite mineral concentrations (anhydrite, gypsum) of the middle 
confining unit of the FAS were first penetrated at 1660'. The evaporites dominated the 
lithology between 1660 - 1670', and 1698 - 171 5' BLS, wi th 1670  - 1698' BLS composed 
of gypsiferous dolostone. Airlifting during packer test #10 yielded only 0.4 gpm, resulting in 
120' of drawdown over 160 minutes of discharging. At this low discharge rate, the enclosed 
drillrod and wellbore volume was never purged from the packer configuration, and alternative 
methods for retrieving a representative water sample were employed. Before cessation of 
airlifting, discharge was profiled and a sample was collected for analysis. The following 



morning, after the recovery segment of the packer test was complete, the packer was 
released from position at 1677' and lowered slowly to  1707' BLS. Samples were then 
retrieved from 1703' BLS (within the drillrods), consecutively by bailer, and then by 
geophysical (valved) thief sampler. Relevant analyses are listed below, with selected major 
ion plots rendered as part of Figure A6-B. 

PACKER TEST #10 DISCHARGE BAILER THIEF SAMPLE 

SPEC. COND.(umhos) 47,900 46,300 40,600 
TEMPERATURE (OC) 27.4 26.8 29.1 
PH 6.57 6.79 6.54 
CHLORIDE (mgll) 17,900 16,755 1341 0 
SULFATE (mgll) 2920 2905 3395 
TDS (mgll) 31 920  32450 28370 

Although diverse in analyses, the three samples may, in sequence, accurately portray the 
attempted purging of an extremely impermeable geologic section. The discharge sample, with 
slightly low conductivity for background wellbore water quality, appears to  reflect the 
chemistry of  slightly diluted (e.g., from fluid inflation of the packer) minimal well discharge. 
The bailer sample was retrieved after overnight recovery of 11 5' of drawdown, and release 
and lowering of the packer into the column of mineralized, saline water. Integrity of the bailer 
sample was somewhat suspect due t o  potential for sample dilution via bailer leakage. 
Retrieval of the thief sample followed, with careful lowering of the sampler into position within 
the drillrods, with further check on integrity of retrieved sample via vigorous outgassing upon 
opening the sampler's sealed port at land surface. Substantial drop in chloride concentration 
and sharp rise in sulfate concentration distinguish this sample from others retrieved during the 
course of deep evaporite testing and drilling. Packer test #10 was the only TR7-2 event 
capable of producing an isolated water sample from the impermeable, sulfate-rich middle 
confining unit of the FAS, since overlying permeable beds were effectively sealed-off during 
testing, unlike during exploratory drilling. 

7.0 GEOPHYSICAI LOGGING 

Several arrays of geophysical logs were run on TR7-2 wells at different stages of construction, 
and/or in their "as-builtn state. Additionally, to  better define hydraulic response, some wells 
were logged in both static and pumping configurations. Geophysical logs are used t o  
delineatelcorrelate hydrogeologic units, characterize aquifer response and/or water quality, and 
establish integrity of well construction. Specific logs may additionally be run t o  define 
borehole geometry for well construction material calculations, and to  indicate appropriate 
packer set-points. Appendix A1 1 lists logs run on TR7-2 wells. 

All logs were run wi th SWFWMD's digital geophysical equipment, and are archived wi th the 
ROMP TR7-2 File of Record. Log files may also be retrieved via Century Geophysical 
Corporation "Personal I Analytical Compu-logn software. Various probes and probe 



configurations are available for logging, and the relevant signal traces are listed with 
abbreviations used in this report: 

CALIPER 
GAM(NAT) 
SP 
RES 
RES(16N) 
RES(64N) 
RES SUITE 

RES(FL) 
SP COND 
TEMP 
IND 
POREON) 
FLOW 
THIEF 
VIDEO 

Three-arm caliper 
Natural gamma 
Spontaneous potential 
Single point resistance 
1 6" normal resistivity 
64" normal resistivity 
Single point resistance, 16"/64" normal, 

and lateralog 
Fluid resistivity 
Specific Conductance (fluid) 
Fluid temperature 
Induction 
Sonic porosity 
Impeller-type flowmeter 
Thief sampler 
Borehole video 

SWFWMD-owned borehole video logging unit was used t o  record the "as-built" construction 
on all five permanent monitors, and to  inspect the 12"-diameter temporary shallow Upper 
Floridan well prior t o  aquifer test pumping. Additionally, an attempt was made t o  video-log 
the deep exploratory well when open to 1715' BLS, but logging was terminated upon 
encountering an obstruction (formation fall-in) at 1 153'. Video logging provides actual photo- 
imaging of the well on VCR tape. The surveys are done to  examine casing integrity, and 
qualify macroporosity features exhibited by the borehole. 

As detailed in 3.1 Fx~loratory Drillinq, initial drilling at TR7-2 consisted of construction of 
several temporary piezometers to an intermediate stage of their eventual configuration as 
permanent monitors. Two of these piezometers also were employed to  stage deeper coring 
activities (coreholes #2  and 3). Four suites of geophysical logs are presented in the following 
sections, covering exploratory drilling to  maximum depth. Logs from the temporary shallow 
Upper Floridan aquifer piezometer, rather than corehole #1 are presented to provide better log 
overlap. 

7.1 Temporary Shallow Upper Floridan Aquifer Piezometer (LSD - 350' BLS) 

After installation of 60' of 18" casing in this well, a 17" wellbore was drilled t o  370'  using 
the mud rotary method. On penetration of the FAS at 332' BLS, drilling circulation problems 
were confronted, and reverse-air and mud rotary methods were alternated until achieving 
casing depth. This well was logged on 811 1/92, prior to  final hole-clearing before installation 
of the 12" casing. Fluid-reading logs (TEMP, RES(FL)) are not included in Figure A1  1-1 due 
t o  impacts of drilling circulation, and incomplete removal of drilling muds. 



  he CALIPER log indicates caving zones in sand beds of the undifferentiated Arcadia 
Formation at 275 - 295' BLS, and also identifies the slight deflection coincident wi th the 
uppermost lost circulation zone in the FAS at approximately 335' BLS. The GAM(NAT) profile 
distinguishes a low-activity segment through the non-phosphatic Peace River Formation 
(Venice Clay) present 21 - 48' BLS. GAM(NAT) spikes throughout the undifferentiated 
Arcadia Formation correlate with accumulations of phosphatic sand within the carbonate 
matrix. Individual signal spikes at 15' (undifferentiated surficial deposits), and 303'  BLS 
(undifferentiated Arcadia Formation) are also related to  phosphatic sand accumulations. 

Signal strength in Figure A1 1-1 single-point resistance and 16"- and 64"-normal resisivity logs 
is likely attributable to dolosilt content through carbonate beds of the undifferentiated Arcadia 
Formation. The underlying unconsolidated Arcadia sands (260 - 306' BLS) are distinguished 
by a low resistivity trace (potentially affected by hole size), and the well-indurated basal quartz 
sandstone beds (306 - 332' BLS) register higher resistivity. 

7.2 Corehole #2 (306 - 749' BLS) 

After coring to  295' BLS in corehole # I ,  deeper coring moved to  corehole #2, configured 
(initially) with 306'  of 4"  HW steel casing. Wireline coring, employing fresh water as drilling 
fluid, continued t o  749' BLS, losing circulation t o  surface at 459' BLS. The suite of 
geophysical logs presented in Figure A1 1-2 was run in the water-filled corehole on 10/1 2/92. 
Upper portions of the CALIPER log again show the lost circulation zone at approximately 335' 
BLS associated with the top of the FAS. Noticeable lesser CALIPER spikes are associated with 
flow zones at 445' (Tampa Member of the Arcadia Formation 1 Suwannee Limestone contact), 
480', and in the lower Suwannee dolostones at 635 - 675' BLS. On larger-scaled log plots, 
downward transition from friable calcarenites to  the well-indurated Suwannee dolostones is 
well indicated at 628' BLS. 

The fluid-reading logs, RES(FL) and TEMP, both show pertinent deflections at depths of 335', 
445', 628', 675', and below 700' BLS. The RES(FL) trace plot registers mild signal response 
through permeable beds at the top of the FAS (332' BLS), encompassing the Tampa Member 
/ Suwannee Limestone contact (390 - 475' BLS). Signal strength increases variably through 
the fractured lower Suwannee dolostones. Below 700' BLS the poorly-permeable calcarenites 
of the Ocala Limestone exist, and the RES(FL) curve profiles the transition t o  fresher water 
in the relatively stagnant lower borehole below the Suwannee dolostone f low zone. Relevant 
TEMP changes appear as more distinct curve shifts, with eventual warmer trend below 700' 
BLS in the tight Ocala calcarenites. 

The GAM(NAT) log profiles a typical drop in intensity as the Tampa Member of the Arcadia 
Formation is penetrated at 332' BLS. This is consistent with the decrease in concentration 
of phosphatic sand in the Tampa compared to the overlying Arcadia. Baseline increase in 
GAM(NAT) is noted in lower dolomitic and recrystallized portions of the Tampa Member. A t  
the top of  the Suwannee Limestone, GAM(NAT) response again drops off. A signal spike at 
473' BLS coincides with a 2.5' thick green calcareous clay bed containing trace amounts 
pyrite. The GAM(NAT) response increases to  a higher baseline near 520' BLS as the 
Suwannee calcarenites below become somewhat recrystallized. The higher response is 



maintained through the dolostones of the lower Suwannee, and drops-off in the purer 
calcarenites of the upper Ocala Limestone. 

The RES SUITE logs displayed highest response in the quartz sandstones of the lower 
undifferentiated Arcadia Formation, much of the Tampa Member of the Arcadia Formation and 
uppermost Suwannee Limestone (to 475' BLS), and through dolostone beds of the lower 
Suwannee t o  680' BLS. 

7.3 Corehole #3 (675 - 1094' BLS) 

Final wireline coring at TR7-2 was accomplished in corehole #3, starting out of 675' of 4 "  HW 
steel casing. Coring to 1094' BLS successfully penetrated the highly permeable zone of the 
FAS, which encompassed the freshwater-saltwater transition zone. The CALIPER log (Figure 
A1 1-3) displays a wallowed-out soft Suwannee / Ocala contact zone from 685 - 695' BLS, 
and the mild but consistently wallowed trace of friable calcarenites of the Ocala Limestone 
from 700  - 840'  BLS. Below 840'  BLS, dolostone dominates the lithology, with lesser 
interbedded calcarenites. Evidence of fractured intervals is noted on the CALIPER log at 950' 
(Ocala / Avon Park contact zone), 985', and 1060' BLS (top of the highly permeable zone of 
the FAS, and freshwater-saltwater transition zone). 

Borehole fluids, as depicted on the RES(FL) log, show a mildly increasing mineralization at 
approximately 975' BLS. More distinct mineralization is evidenced below 1 0401, with further 
trend toward saline water at 1070' BLS and below. [Note that packer tests #5 and 6 later 
established specific conductance in the 1020 - 1048'  BLS zone at approximately 1 525 umhos, 
relatively fresher than above or below the tested zone.] The TEMP log also deflects near 
9701, and tracks at an increased temperature gradient with depth to  a sudden increase at 
1075' BLS in the freshwater-saltwater transition zone. 

The GAM(NAT) log, following an initial signal dropoff in the wallowed Suwannee / Ocala 
contact zone, displayed a mild, consistent baseline throughout the entire Ocala Limestone. 
Only a slight rise in baseline was noted through the lower Ocala dolostones. The Ocala 1 Avon 
Park contact was distinguishable due to  enhanced response from 945 - 960' BLS, apparently 
due t o  slight increase in organic content in the Avon Park dolostones. Preservation of 
radioactive compounds may be enhanced in reducing environments also typified by the 
presence of organics. The remainder of the Avon Park Formation profiled in corehole #3 
displayed a GAM(NAT) baseline slightly higher and more variable than that of the Ocala 
Limestone. 

The RES SUITE logs profiled a low, flat response through calcarenites of the Ocala Limestone, 
with increasingly more intensity and signal spikes through the lower Ocala dolostones. 
Greatest signal peaks were produced from dolostone beds both above and below the contact 
with the Avon Park Formation (to 980' BLS). Dolostone beds at 1005 - 101 8 '  BLS were also 
distinguishable. Dolostone beds below 1060' BLS were discerned in the 16"- and 64"-normal 
electric logs, but signal strength was diminuished due to  the conductivity of the saline water 
present. 



At  the time of logging the TR7-2 deep exploratory well at a temporary depth of 1109' BLS 
(4/20/93), the SWFWMD had at its disposal a rented induction geophysical probe. The 
induction conductivity log generated is included as a track in Figure A1 1-3 due to  similarity 
of well depths, but can not be compared directly to  the other logs in the figure obtained from 
corehole #3. [Comparison of gamma logs from both wells indicates the Ocala 1 Avon Park 
contact in the deep exploratory well t o  be approximately 10'  higher than that in corehole #3, 
133' away.] In the induction log, initial conductivity spikes were noted at approximately 
1070' BLS, with well-defined interface response at approximately 1080' BLS, and variable, 
but high apparent conductivity t o  total log depth of 1 1 1 1 ' BLS. 

7.4 Deep Exploratory Well (1 1 09 - 1 7 1 5' BLS) 

Deepest exploratory drilling continued to 171 3 '  BLS out of 1 109' of temporary 8 "  steel 
conductor pipe. The exploratory well was then reamed to  171 5' BLS to  clear problematic 
borehole obstructions (formation fall-in), after which packer tests #9 and 10  were run. Figure 
A1 1-4 compiles selected logs run following the packer tests. The CALIPER log (and other 
caliper logs run subsequent t o  reaming) evidences fractured rock from 1063 - 121 O', 1 290 - 
1375', 1500 - 1525', and 1575 - 1640' BLS. Corehole yield profiling from corehole #3  

(Table A3-1) indicates at least the upper fractured zone forms part of the highly permeable 
zone of the FAS. Borehole configuration and drilling method precluded profiling of yield from 
lower fractured zones, which may exist as discrete lesser permeable zones, or deeper 
extensions of the highly permeable zone. The CALIPER log also presents a gauge log trace 
below 1660' BLS, the result of drilling in evaporite-rich beds that cut easily and were resistant 
t o  wallowing. 

Available fluid-reading logs include SP COND (albeit potential calibration problem) and TEMP. 
Major deflections on both log traces occur below 1640' BLS, indicating distinct hydrogeologic 
zonation below, associated with the middle confining unit of the FAS. Minimal hydraulic 
interaction is envisioned between wellbore fluids and the impermeable evaporite beds below 
1660', although thermal convection and chemical equilibration may have been occurring at 
the time of logging. Although SP COND data below 1640' BLS may be unrepresentative of 
actual formation fluids for that zone, the curve deflections may indicate the presence of 
impermeable beds as high as 1640' BLS if interpreted as indicative of dormant hole. 
Alternatively, the curve may represent convective upwelling of evaporitic brine into a slightly 
higher transmissive bed. 

A lithologically-uncalibrated POREON) log is included as part of Figure A1 1-4. Although the 
log trace is spikey (due possibly to  lay of the tool in an irregular borehole, or to fractures in 
the formation), the 1 100 - 121 0' and 1290 - 1375' (1 4001?) permeable intervals are 
distinguishable by the recorded high baseline porosity present. Unique log trace in 
impermeable beds below 1640' BLS is also noted, but without lithologic calibration, no 
quantitative conclusions may be drawn from the log. 

The GAM(NAT) log produced a mild response through the extent of this borehole. Irregular 
or large borehole diameter can directly affect log response, and may be the overriding factor 
in character presented on the GAM(NAT) track. In the impermeable beds below 1660' BLS 
(gauge borehole), a distinct drop-off in response occurs between 1665 - 1680' and below 



171 0' BLS which may correlate t o  general absence of dolomite and associated trace minerals 
in the unit. The RES(64N) log also profiled uniquely through these zones, spiking in each. 
Increase of resistivity signal in evaporite beds is consistent with electric logs run in other 
evaporite-targeted ROMP wells in the region. 

8.0 HYDRAULIC CHARACTERISTICS 

The following hydraulic data and analyses are presented under designated appendices and as 
part of the referenced figures and tables. Discussion of results is addressed by aquifer within 
this section of the report, or where warranted, under 5.0 Hvdroloay. Procedures employed 
are addressed under 3.0 Drillina Methods and Data Collection. 

< > Normalized potentiometric levels were profiled from each of the three coreholes 
as they were actively cored deeper (fall 1992). [Supplementary water level data from several 
onsite temporary piezometers was also recorded when unaffected by onsite drilling activities.]; 
Appendices A l ,  A2, A3, and A4. 

< > Airlifted discharge rate was profiled from each of the three coreholes as they 
were actively cored deeper and purged (fall 1992); Appendices A1 , A2, and A3. 

< > Laboratory permeameter tests by the Florida Geologic Survey were run on 
selected core samples (collected fall 1992), and analyzed t o  derive vertical hydraulic 
conductivity; Appendix A7. 

< > Single well tests on the existing array of permanent monitors were conducted 
during spring 1993. Water level data were recorded from the discharging well, and from wells 
open to  the zones immediately above and below the pumped zone (where available); 
Appendix A6. 

< > An aquifer performance test (APT) and step-drawdown test was conducted during 
summer 1993, pumping the temporary exploratory well, then-configured as a fully-penetrating 
shallow Upper Floridan aquifer well. Water level data were recorded from all wells onsite for 
the duration of the test, in addition to  background data collection from the pumped zone 
observation well before and after testing; Appendices A8  and A9. 

< > Packer tests were conducted on selected FAS intervals in the temporary 
exploratory well during spring and summer 1994. Many of the packer test intervals were 
purposefully coordinated wi th the above-referenced permeameter tests. Water level data were 
recorded from the discharging zone, annular space in the tested well, and for background 
data, from an appropriate onsite permanent Upper Floridan aquifer monitor; Appendix A6. 



8.1 Surficial Aquifer System I SAS (LSD - 21 ' BLS) 

Hydraulic properties of the surficial beds vary with depth in the wellsite locality. Grain size 
(varying from very fine to medium) and sorting, iron encrustation, and the variation in clay 
content affect the permeability of the clastic system in general. The basal limestone bed was 
not specifically characterized, but high amount of moldic porosity indicates potential 
permeable nature. Transmissivity values of the surficial aquifer system in south-central 
Manatee County have been calculated at 1,000 to  2,000 ft2/d, although in western and 
coastal Manatee County, the transmissivity may range as high as 7,000 ft2/d (a function of 
the coarser nature of the sand interbedded with shelly limestones and shell fragments; Mahon, 
1989). 

Single Well Test 

The completed surficial monitor was pumped with a small centrifugal pump t o  both purge and 
sample the well, and note unit response. Pumping rate could not be sustained wi th this 
configuration, and the well would quickly draw completely down, causing the pump to  lose 
prime. A data logger was setup on the well and "recovery" phase was logged as the pump 
was turned off consequentially with losing prime. Recovery of virtually all the 17.6' of 
drawdown occurred in 20 minutes, with original rate of inflow to  the well on removing the 
volume of water calculated at 21 gpm. Hydraulic conductivity was calculated at 1 .49E+01 ft/d 
using the Hvorslev method (Table A10-1). 

8.2 Intermediate Aquifer System 1 IAS (21 - 332' BLS) 

Potentiometric levels profiled through the IAS during active coring are addressed under 5 2  
Jntermedlate Aaulfer Svstem I IAS. Although biannual potentiometric maps of the region 
indicate potentiometric levels in the IAS to  track up t o  5' higher than those of the FAS during 
wet seasons (Mularoni, 1994a), late wet season coring (1 992) was characterized by IAS 
potentiometric levels 2 - 3' less than those recorded in onsite FAS piezometers and FAS coring 
(Tables A1 -1, A2-1). 

During exploratory drilling, the corehole was purged of drilling water at borehole sampling 
events by airlifting, and well yield consequentially profiled versus depth. As addressed under 
3.4 Potentiometric I eve1 and Corehole Yield Profilinq, there are inherent limitations t o  strict 
qualification of this data, but it is useful in indicating penetration of permeable zones. The 
airlifted discharge rate profile, plotted as Figure A1-2, shows a sharp, steady rise in yield from 
the initial 1 - 1 0  gpm rate recorded over the 6 0  - 155' BLS interval (semi-confining clayey 
calcilutites and minor moldic calcarenite), to  50 gpm by 295' BLS (through moldic calcarenite 
and unindurated quartz sand). 

Hydraulic properties in the IAS are related to  the lithology and the type and extent of porosity 
within the Peace River and undifferentiated Arcadia Formations. Transmissivity in the [AS has 
been reported by Duerr and Wolansky (1 986) and Ryder (1 985) to  range from 700  - 800  ft2/d 
t o  as much as 1500 ft2/d or greater. Model-derived ieakance of the uppermost intermediate 
confining beds near the western coast of Manatee County is about 7 x (ft/d)/ft (Ryder, 
1985). 



Single Well Tests 

Two single-well tests within the IAS were run at TR7-2 (Appendix A1 0). Testing of the upper 
IAS semi-confining beds indicated minimal productivity (0.4 gpm) from the calcilutitic beds 
open to  the permanent upper intermediate monitor (60 - 105'). There was no measurable 
response in the lower intermediate aquifer monitor as the pumped well was kept drawdown 
37'  below static level for 135 minutes. Transmissivity was calculated at 0.59 *Id, using 
Cooper-Jacob straight line method (Table A1 0-21, with hydraulic conductivity calculated at 
1 .3Ea2 ftld. 

The tested interval of lower intermediate aquifer well included moderately productive 
carbonate and clastic beds. A t  the time of testing, the well was temporarily configured with 
200' of 12" PVC casing, and open t o  290' BLS. The well was airlifted at 2 0  gpm, resulting 
in 41 ' of drawdown. Transmissivity was calculated at 29.5 *Id, using Cooper-Jacob straight 
line method (Table A1 0-3), with hydraulic conductivity calculated at 3.3E4' ft ld. 

Permeameter Testing 

Three core samples from zones within the IAS were submitted t o  Florida Geological Survey 
testing laboratories for analysis of vertical hydraulic conductivity based on falling-head 

Formation Packer a permeameter testing (see 3.5 nd Permeameter Testinq for discussion of 
methodology). The core sample selection process favored relatively-impermeable beds, and 
resulting analyses (Table A7-1) produced lower (vertical) hydraulic conductivity values relative 
to  those calculated above for in situ (single-well) testing of monitored intervals. Contrast in 
vertical and horizontal hydraulic conductivity may occur due to  beddinglstratification factors 
relative to  direction of fluid passage, factors related to handling and preparation of core 
samples, and non-heterogeneity of lithology over the in situ-tested interval. 

Of the three IAS permeameter tests, only the 139' sample is particularly correlative to  TR7-2 
in situ testing. The calcilutite core from 139' BLS is lithologically comperable t o  the semi- 
confining beds open t o  the upper intermediate aquifer single well test. The calcilutite sample 
from 254' BLS, although not clayey, is quite dense, and not representative of beds which 
might contribute t o  the test production rate of 2 0  gpm from the lower intermediate aquifer 
single well test. The quartz sandstone core from 315' BLS was chosen for permeameter 
testing t o  represent the lower confining beds of the IAS. There were no in situ tests of the 
IAS lower confining beds. 

8.3 Floridan Aquifer System 1 FAS (332 - 171 5'+ BLS) 

Potentiometric levels profiled through the FAS during active coring are addressed under U 
Floridan Aauifer Svstem 1 FAS. In general, head levels in the shallow Upper Floridan aquifer 
initially profiled at 1.7' ALS, with regional trend responsible for the mild declines through 
coring in the Avon Park Formation. Large-scale water level declines (3' drop at 1069' BLS; 
further 1 1.2' drop at 1094' BLS) were due t o  distinct increases in salinity I density as coring 
proceeded into the freshwater-saltwater transition zone. 



Airlifted discharge rate profiles proved somewhat ambiguous due to  data from multiple 
coreholes and hydraulic interconnection of zones. A detailed interpretation is provided under 
5.3 Floridan Aquifer Svstem I FAS. 

Transmissivity of the upper and middle zones of the FAS in western Manatee County has been 
found t o  range from 15,000 ft2/day (Peek, 1958) t o  40,000 ft2/day {Kelley, 1988),with 
transmissivity of the Avon Park zone ranging 20,000 t o  700,000 ft2/d, as compiled by Kelley, 
1988. Ryder (1 985) places local transmissivities in the 100,000 - 250,000 ft2/d range based 
on a two-layered, steady-state digital model. 

Single Well Tests 

Two single well tests were carried out in the FAS at TR7-2 (Appendix A10). Objectives 
included establishing aquifer characteristics of zones, geophysical profiling of aquifer response 
(fluid temperature, fluid resistivity, flow) under pumping conditions, and pumping completed 
wells for water quality sampling. The permanent shallow Upper Floridan aquifer well was 
pumped while still configured with 357'  of 6" casing, and open t o  700' BLS. Pumping 
continued for 1 15  minutes at 21 2 gpm, resulting in 7.5' maximum drawdown. Due to the 
transmissive nature of the aquifer, drawdown was minimal and recovery to  pre-test water 
level was quick. Collapse of  the induced cone of depression on cessation of pumping resulted 
in substantial bounce of recovering water level in the pumped well. Transmissivity was 
calculated at 1 .25E+04 ft2/d (using the recovery curve, extrapolated through the diminishing 
bounce) using Cooper-Jacob straight line method {Table A1 0-4), with hydraulic conductivity 
calculated at 3.64E0' ft/d. 

The shallow Upper Floridan aquifer well, in the CD = 357' / TTD = 700' configuration, was later 
used as a pumped zone observation well for the shallow Upper Floridan aquifer APT. That test 
was conducted by pumping the 12" temporary CD = 358' 1 TTD = 700' well located 200.5' 
t o  the north. Flow logs were run in that well as part of a 3-step drawdown test. 

A single well test was also conducted in the permanent deep U,pper Floridan aquifer well. This 
well was configured t o  monitor only the permeable interbedded dolostone and calcarenite beds 
from 960  - 1022' BLS. These interbeds overlie the somewhat transmissive calcarenite beds 
directly atop the highly permeable zone of the FAS. The well was pumped at 180 gpm for 
1 10  minutes, stabilizing rapidly at 1 1.3' drawdown. Cessation of pumping produced 
excessive bounce of recovering water levels in the pumped well, making extrapolation of 
recovery curve speculative. Two potential curve tracks were considered (Figure A 10-5B1, and 
Cooper-Jacob straight line method was applied t o  calculate transmissivity at 4540 t o  15,900 
ft2/d, and hydraulic conductivity respectively at 7.32E+01 to  2.56Efo2 ft/d (Table A10-5). 

Aquifer Performance Test 

An APT (aquifer performance test) of the shallow Upper Floridan aquifer was conducted in 
May 1993 (Appendix A8). The deep exploratory well, at an intermediate stage of completion, 
was temporarily configured (cased to  358' with 12" diameter steel casing; open to  700' BLS) 
as the pumped well. Figure A8-A shows pumped well setup of the SWFWMD lineshaft turbine 
pump, wi th 6" bowls and column installed to an inlet depth of 100' BLS. Static water level 
was approximately 5' BLS. A t  the time of the shallow Upper Floridan aquifer APT, the 



permanent suite of five monitor wells was in place (Figure A8-B; the shallow Upper Floridan 
monitor was then open from 357 - 700' BLS, as a pumped-zone observation well). 
Observation well setback from the pumped well was governed by the 200.5' maximum 
separation attainable between wells on the temporary easement. 

The APT began May 17, 1993, and discharged an average of 1431 gpm as pumping 
continued for 50.5 hours. Drawdown of approximately 33' was recorded in the pumped well, 
while approximately 7' of drawdown was registered in the observation well. The drawdown 
phase was carried out until stability was noted in all zones monitored, wi th a regional 
potentiometric pattern (diurnal cycling) evident. Recovery phase was monitored for 18 hours, 
and data recorded in all onsite wells. Continued potentiometric trend in the pumped zone was 
profiled for an additional three weeks by an hourly recorder in the observation well (Figure A8- 
4). 

Transmissivity was calculated t o  range from 13,700 - 20,200 ft2/d flable A8-A), as analyzed 
by Jacob-Hantush and Cooper-Jacob methods respectively. Earlier single well testing of the 
APT observation well, pumped at 212 gpm, resulted in calculated transmissivity of 
approximately 12,500 ft2/d (Table A1 0-A). Table A8-A presents results of the APT analyses 
for transmissivity, storativity, and leakance. 

Stepdrawdown Testing 

Prior t o  the above-described APT, a three-step drawdown test was conducted on May 12, 
1993. The well was pumped successively at 750, 1000, and 1450 gpm, in 120 - 140 minute 
steps. The steps directly followed another, with no recovery period between pumping phases. 
Drawdown and recovery potentiometric data were recorded by data logger / transducer 
configuration. Although not drawndown the length of time appropriate for full aquifer testing, 
transmissivity of 1 9,300 ft2/d was calculated based on the recovery curve and step 3 pumping 
rate. Appendix A9  contains step test data, plots, and analyses. 

Geophysical (impeller-type) flowmeter logs were run in uphole and downhole directions during 
each test step t o  profile relative zone contribution over the range of pumping levels. Figure 
A9-B, showing flowmeter traces for steps 1 and 2 (step 3 data did not record), indicates 
substantial production from the upper fractured zone of the lower Suwannee dolostone beds 
(approximately 645' BLS in the pumped well). Log traces above this zone reflect changes in 
borehole geometry, with little t o  no gain in intensity. Maximum flow is profiled within the 
casing. Logging in the down direction indicates some yield from the uppermost Ocala 
Limestone beds associated with the variably permeable Suwannee / Ocala contact. 

Packer Testing 

A total of ten off-bottom packer tests were conducted at TR7-2 during exploratory drilling in 
the FAS. Six tests were run in intervals above the freshwater-saltwater transition zone (four 
in the Ocala Limestone, t w o  in the Avon Park Formation), three in more permeable sections 
of the saline water-bearing Avon Park Formation, and one specifically targeting the Avon Park 
evaporite beds of the FAS middle confining unit. Testing procedures are qualified under 
Formation Packer and Permeameter Testing. Results and data are included as Appendix A6. 
Table A6-A provides a synopsis of derived parameters, Table A6-B overviews water quality 



sampled during the packer tests, and Tables A6-1 through A6-10 provide individual test data. 
Several of the freshwater packer tests were conducted in intervals bracketing zones from 
which core samples were tested with falling-head permeameter t o  derive vertical hydraulic 
conductivity. 

Packer tests # I  - 3 were performed within the bedded calcilutites and calcarenites of the 
Ocala Limestone. The test intervals varied from 4 2  - 87' long, with the lowest specific 
capacity analyzed within the Upper Floridan aquifer derived from test # 3  (3.28Ea2 gpmlft; 807  
- 850' BLS interval). Test # 4  was conducted on uppermost lower Ocala dolostone beds, 
which evidenced some permeability based on coring profiles of airlifted discharge rate. 
Transmissivity analyzed for test #4  was ten times that calculated for the immediately 
overlying, poorly permeable limestone open to test #3. Permeable beds near 850'  BLS may 
have provided substantially to  the 28 gpm discharge rate of test #4. 

Packer tests #5 and 6 were conducted in the moderately permeable calcarenites of the upper 
Avon Park Formation. Test #6  further limited the zone stressed in test #5 in an attempt t o  
induce upconing of saline water from lower fractured dolostone beds. Neither test did so, 
wi th both producing water substantially fresher (approximately 1525 umhos) than that profiled 
through the entire interval during coring. 

Packer tests #7, 8, and 9 were conducted in relatively transmissive sections of the saline FAS. 
Tested interval in all three tests included beds of permeable Avon Park dolostone. Test #8  
further delimited the test interval of test #7, in an attempt to  increase unit drawdown. Tests 
#7  and 8 produced 40 gpm, resulting in slightly greater drawdown in test #8, and slightly 
lower specific capacity. 

Test #9 was conducted on the 1584 - 171 5' wellbore interval. Since bedded evaporites 
composed the dominant lithology below 1660' BLS, only the 1584 - 164011 660' interval 
effectively yielded water during testing. The dolostones of the 1584 - 1660' BLS interval 
produced 26 gpm during test #9, resulting in specific capacity comparable to  that derived in 
tests #7 and 8. Hickey (1 990) describes a regional, semi-confining, lower dolostone above 
the evaporites of the middle confining unit that is characterized by low transmissivity 
(estimated hydraulic conductivity of 2 ftld). Although results of TR7-2 packer testing of the 
76 '  section of dolostone immediately above the middle confining unit appear contrary t o  this 
concept, the presence of productive fractures in otherwise impermeable stone may produce 
test results indicating high unit transmissivity. Alternatively, Figure A1 1-4 may identify a thin, 
potentially impermeable zone between 1640 and 1660' BLS (see Section 7.4 Deep 
Exploratory Well). Neither described lithology (drill cuttings) or geophysical response indicate 
presence of evaporite minerals in this zone, which may constitute the dolostone beds Hickey 
characterizes. 

Packer test # l o ,  conducted in the dolomitic evaporite beds of the middle confining unit of the 
FAS, registered substantial drawdown (1 20.6'), while discharging approximately 0.4 gpm. 
Recovery phase recharge rate of 0.2 gpm was calculated based on measured water level rise 
and wellbore volume for determination of further hydraulic properties. The unique character 

loridan Aau'fer Svstem 1 FAS. of the groundwater of this zone is addressed under 6.3 F I 



Permeameter Testing 

Five core samples from zones within the FAS were submitted t o  Florida Geological Survey 
testing laboratories for analysis of vertical hydraulic conductivity (falling-head permeameter 

Formatio . . 
testing; see 3.5 n Packer and Permeab~l~tv Testing). All samples had counterpart in 
situ aquifer interval-testing. Table A7-1 relates results of permeameter testing, Table A6-A 
provides results of packer testing, and Table A10-4 notes results of shallow Upper Floridan 
aquifer single well test. 

The 525' core sample (Suwannee Limestone) exhibited moderate amounts of intergranular 
porosity and recrystallization, and was representative of poor-moderately indurated 
calcarenites between 51 6 - 536' BLS. Chosen to  represent somewhat less-permeable beds 
in a highly transmissive aquifer, permeameter test results did not show good correspondence 
wi th results from in situ aquifer testing. 

Core samples from 740  and 797' BLS represent prevalent lithologic character of the 
calcareous upper Ocala Limestone (very fine-grained calcarenites with substantial amount (40 - 
45%) of calcilutite matrix). The samples were also both chalky and moderately indurated. 

Hydraulic conductivity averaged approximately 2E4' f t ld based on permeameter testing. 
Packer tests # I ,  2, and 3, conducted in comparable lithology, produced hydraulic conductivity 
measurements of approximately 4E-O2 - 8Ea2 ftld. The excellent correlation is likely due t o  the 
vertically-consistent lithology of the unit, which allowed the core tested t o  be highly 
representative of entire intervals tested in situ. 

Hydraulic conductivity measured from testing the Ocala dolomite core sample from 887'  BLS 
registered an order of magnitude less than in situ testing of the 851 - 900' BLS interval 
(packer test #4). Packer test # 4  interval included somewhat permeable beds associated wi th 
the lithologic break between calcareous and dolomitic zones. 

Lowermost FAS permeameter testing occurred on core of the Avon Park Formation calcarenite 
beds, collected from 1035' BLS. The sample is fairly representative of the lithology from 
101 8 - 1039' BLS, wi th the 1039 - 1054' beds described as slightly less permeable. 
Permeameter-figured hydraulic conductivity was measured at an average 4.3Ea2 ft/d, while 
packer tests #5 and 6 registered 6.8E4' and 6.2E4' f t ld respectively. As in the upper Ocala 
Limestone beds, good correspondence of test results is likely the result of lithologic 
consistency over the packer-tested interval. 

9.0 SUMMARY AND SEI ECTION OF MONITORED INTERVALS 

Testing results are summarized in tables and graphs contained in relevant appendices. The 
TR7-2 hydrostratigraphic column (Figure 10) condenses much of the data t o  a pictorial 
presentation. The TR7-2 scope of work has characterized a hydrogeologic system comprised 
of an uppermost thin, moderately productive (due to  basal limestone bed) SAS, producing 
impacted water quality. The IAS consists of moderately transmissive carbonate and 



siliciclastic beds, bounded above by stout clays and calcilutite, and below by a regionally 
variable, but poorly permeable sandstone. The FAS characterized consists of a very 
transmissive Upper Floridan aquifer (consisting itself of a transmissive shallow zone (Tampa 
and Suwannee calcarenites and fractured dolostone), a semi-confining middle zone (Ocala 
Limestone interbedded calcarenites and calcilutites, and lower unfractured dolostone), and a 
permeable to  highly permeable deep zone (upper interbedded calcarenites and dolostone, and 
lower highly permeable, fractured dolostone)), and a very poorly transmissive middle confining 
unit (dolomitic evaporite deposits). The top of the freshwater-saltwater transition zone was 
detected in uppermost portions of the highly permeable zone of the FAS at 1065' BLS. A 
combination of sampling and induction logging identified saltwater conditions present by 
1085' BLS. 

Packer tests employed at TR7-2 were instrumental in verifying relatively fresh water-quality 
zonation of the low t o  moderately permeable calcarenites of the Ocala Limestone and upper 
Avon Park Formation. These tests effectively diagnosed subtle water quality differences 
profiled during coring and those masked by the hydrologic dynamics of the purging / sampling 
process. Additionally, where lithology of the packer interval was vertically consistent, same- 
zone permeameter samples produced correlative transmissivity calculations. 

Mahon (1 989) proposes that permeable zones producing relatively low specific conductance 
may be encountered in conjunction with less-permeable zones producing more highly 
conductive waters in the FAS. He surmises that highly mineralized water in the deposits (from 
original marine deposition, and proximity to evaporites) may not have been flushed from the 
less permeable zones as readily as water in the more permeable zones adjacent t o  them. In 
a groundwater-stressed coastal setting like that of ROMP TR7-2, packer tests in "tight" 
calcarenites of the Ocala and Avon Park Formations indicate that relatively permeable 
bounding beds may, in contrast, be the initial units t o  register higher chloride concentrations, 
as they are more readily invaded by an advancing saltwater front. In such a case, the less- 
permeable zones would retain a relatively "fresher" zonation of groundwater than that of the 
intuded transmissive beds. 

Deepest exploratory drilling and packer testing established hydraulic characteristics of upper 
beds of the middle confining unit of the FAS. Water sampling in the evaporite beds produced 
inconsistent results, although based on post-packer test results, it appears chloride 
concentration declines rather substantially, and sulfate concentration rises. Geophysical 
profiling produced contrary results, with specific conductance log indicating higher 
conductivity below 1640' BLS. 

Selection of Monitored Intervals 

The preceding program of exploratory drilling, testing, sampling, geophysical logging, and 
analysis of data trends was employed to  design the five permanent monitors constructed at 
the TR7-2 wellsite (Figure 2). The additional constraint of desired, vertically-limited wellbores 
for discrete-zone sampling also played a role in chosen configuration of the suite. 

The surficial aquifer monitor (Figure 18) was constructed into water-bearing beds of sand and 
hydraulically-connected limestone above the upper clay confining beds of the IAS. 
Problematic high fluid conductivity has been registered when the well was purged and 



sampled over the duration of construction activities at the site. Period-of-record water 
sampling wil l characterize whether the conductivity is a construction-related phenomenon, or 
is indicative of relatively poor local SAS water quality. 

Semi-confining beds of the upper IAS (undifferentiated Arcadia Formation) were targeted by 
the upper intermediate aquifer monitor (Figure 19). The lack of appropriate sites in the region 
to  characterize geographical extent of an upper intermediate aquifer distinct from the prevalent 
lower zone provided impetus for this well. Onsite testing indicates the zone monitored 
(selected as the uppermost confined carbonate beds able to yield even small quantities of 
water) to  have hydraulic conductivity on the order of calcareous beds of the upper Ocala 
Limestone. Accordingly, period-of-record water sampling has been arduous, and excessive 
pH a lingering problem. Future potentiometric monitoring will clarify relationship of these beds 
to  transmissive upper IAS beds further south. 

The lower intermediate aquifer monitor (Figure 20) was constructed into moderately permeable 
calcarenites and hydraulically connected, unconsolidated lower sands. The monitored zone 
lies between the semi-confining calcilutitic beds above, and a thickness of well-indurated, 
poorly-transmissive quartz sandstone below. The wellbore encompasses the most 
transmissive beds of the IAS. 

Final configuration of the shallow Upper Floridan aquifer monitor (Figure 21) excludes 
transmissive beds of fractured lower Suwannee dolostone, which contribute extensively t o  
well yield when penetrated. Although an integral component of the shallow Upper Floridan 
aquifer (as tested in the TR7-2 APT), the dolostones were found to  produce more mineralized 
water, and at a higher artesian head than other zones of the FAS above the Ocala Limestone 
semi-confining beds. Upon conclusion of testing the shallow Upper Floridan aquifer, the 
permanent monitor was back-plugged to  seal-off the lower zone, leaving the well open to  most 
of the Tampa Member of the Arcadia Formation and upper transmissive beds of the Suwannee 
Limestone. The resultant wellbore will provide a potentiometrically-discrete zone of relatively 
consistent water quality for period-of-record sampling. 

The deep Upper Floridan aquifer monitor (Figure 22) was constructed into permeable interbeds 
of dolostone and calcarenite of the upper Avon Park Formation. The monitored interval is 
sandwiched between moderately transmissive dolostone beds of the overlying Ocala 
Limestone and underlying very-fine grained calcarenite beds immediately atop the fractured, 
highly permeable zone of the FAS. Since the freshwater-sattwater transition zone is 
encompassed in uppermost portions of the fractured zone, the monitored interval represents 
the lowest transmissive beds not yet contaminated by intruded seawater. Period-of-record 
water sampling wil l document degradation of water quality in this zone if saltwater intrusion 
advances. 
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22-INCH NOMINAL BOREHOLE (LSD - 623 

TVPE II CEMENT GROUT (LSD - 623 

1 &INCH STEEL CASING (+1 - 60') 

8U - 1 1lOlNCH W C  
SHROUDING AND 
PRESSURE 
TRANSWCER 

CINCH PUMP COLUMN 
TOP OF BOWLS AT 90' 
INLET SCREEN AT 100' 

12U - 1 114-INCH W C  
SHROUDING AND 
GEOPHYSlCAL 
CABLE 

17 lf2-INCH NOMINAL BOREHOLE (W -385') 

TVPE II CEMENT GROUT (LSD - 365') 

12-INCH STEEL CASING (+1 358') 

STATIC WATER L M L  : S BLS 

MAXIMUM DRAWDOWN: 33' 

DISCHARGE RAE:  1431 GPM 

FIGURE 7. ROMP TR7-2 

S W O W  UPPER FLORIDAN 
PUMPED WELL 
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CONTOUR INTERVAL 5 FEET FIGURE 9. ROMP TR7-2 
NATIONAL GEODETIC VMTICAL DATUM OF 1929 LOCAL TOPOGRAPHY (BRADENTON QUADRANGLE 17.5 MIN. 

SERIES, PHOTOREVISED 1987) 
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FIGURE 11. ROMP TR7-2 

POTENTlOMETRlC SURFACE OF THE TAMIAMI-UPPER 
HAWTHORN AQUIFER, SEPTEMBER 1993 (MULARONI, 1994) 



FIGURE 12  ROMP TR7-2 

POTENTIOMETRIC SURFACE OF THE TAMIAMI-UPPER 
HAWTHORN AQUIFER, MAY 1993 (MULARONI. 19948) 





0 5 10 15 20KILOMETERS FIGURE 14. ROMP TR7-2 
COMPOSITE POTENIIOMETRIC SURFACE OF THE 

INTERMEDIATE AQUIFER SYSTEM. MAY 1993 
(MULARONI, 19948) 







* 

ROMP TR7-4 1 SUWANNEE LS WELL 

HYDROGRAPH OF HOURLY SHAUOW UPPER FLORIDAN AQUIFER POTUJTlOMElRlC LEMLS. 
TIME PERIOD COVERS IMERVAL OF CORING AT ROMP TR7-2. FALL 1992. 
ROMP TR7-4 IS LOCATED APPROXIMATELY 4.5 MILES EAST OF ROMP TR7-2. 

DATE 

~ G U R E  17. ROMP fkl-2 

HYDROGRAPH - UPPER FLORIDAN AQUIFER AT ROMP TR7-4, FALL 1992. 



1 €-INCH LOCKlNG CAP I 

11-INCH NOMINAL BOREHOLE (LSD - 22) 

TYPE I1 CEMENT GROUT (LSD - 10') 

€-INCH SCH 40 PVC CASING (W- 12) 

4 %INCH COREHOLE PLUGGED WlTH 
MEDIUM BENTONITE CHIPS (22'- 323 

SWFWMD UIW 11394 

I FIGURE 18. ROMP TR7-2 

"ASBUILT" PERMANENT 
SURFlClAL AQUIFER MONITOR 
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I 
600 - 

I 
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I 
P= - 

6-INCH LOCKING CAP 

22-INCH NOMINAL BOREHOLE (LSD - 613 

TYPE Il CEMENT GROUT (LSD - 613 

1 &INCH SDR 41 W C  CASING (+I - 57') 

17 1R-INCH NOMINAL BOREHOLE (57' - 205') 

TYPE II CEMENT GROUT (LSD - 2053 

12-INCH SDR 41 PVC (+1 - 2003 

TYPE II CEMENT GROUT (LSD - 1943 

SHALE PACKERS SET AT 194' & 195 W H  RIVER 
ROCK & SILICA SAND 

6.0-INCH SCH 40 PVC (+4 - 195) 

11.0-INCH NOMINAL BOREHOLE (20(Y - 290') 

7 5184NCH NOMINAL BOREHOLE PLUGGED W H  
TYPE II CEMENT GROUT (2% - 3063 

3-INCH COREHOLE PLUGGED WlTH TYPE II CEMENT 
GROUT (306' - 7493 

I SWFWMD UIW 11391 

I FIGURE 20. ROMP TR7-2 
"ASBUILT P E R W E N T  

LOWER INTERMEDIATE AQUIFER 
MONITOR 



&INCH LOCKING CAP 

17-INCH NOMINAL BOREHOLE (LSD - 60') 
N P E  II CEMENT GROUT (LSD - 603 

12-INCH STEELCASING (LSD - 58') 

11-INCH NOMINAL BOREHOLE (58' - 365) 

TYPE II CEMENT GROUT (LSD - 365) 

61NCH SCH 80 PVC CASING (+8' - 3571 

5 38-INCH NOMINAL BOREHOLE (357' - 4853 

5 98-INCH NOMINAL BOREHOLE PLUGGED 
WTH TYPE II CEMENT GROUT (465 - 700') 

5 5JSINCH NOMINAL BOREHOLE PLUGGED 
NTH TYPE I1 CEMENT GROUT (700' - 7503 

FIGURE 21. ROMP TR7-2 

"ASBUILT PERMANENT SHALLOW 
UPPER FLORIDAN AQUIFER MONITOR 



I FEET 
/I &INCH LOCKING CAP 

22-INCH NOMINAL BOREHOLE (LSD - 65) 

TYPE I1 CEMENT GROUT (LSD - 
1 SINCH STEEL CASING (+I '- 603 

17 112-INCH NOMINAL BOREHOLE (60'- 3673 

TYPE I1 CEMENT GROW (LSD - 367') 

12-INCH SCH 80 PVC CASING (+I' - 3623 

1 1-INCH NOMINAL BOREHOLE (362 - a 3  

TYPE II CEMENT GROUT (LSD - 965') 

&INCH SCH 80 PVC CASING (+8 - 9603 

1 5 YSINCH NOMINAL BOREHOLE (W - 1022') 

31NCH COREHOLE PLUGGED WTH TYPE I1 
CEMENT GROUT (im - 10943 

I SWFWMD UIW 11389 

FIGURE 22 ROMP TR7-2 

"ASBUILT PERMANEKT 
DEEP UPPER FLORIDAN 
AQUIFER MONITOR 





ACTIVE LOWER UPPER SHALLOW TEMPORARY 

(TEMPORARY) INTERMEDIATE SURFlClAL INTERMEDIATE UPPER FLORIDAN HOLLOW-STEM 

COREHOLE # I  
AQUIFER AQUIFER AQUIFER AQUIFER AUGER 

PIEZOMETER MONITOR PIEZOMETER PIEZOMETER HOLE 

1 i j y'' 
814 ' ::{ 75' 60' 6.21) 8"u~ 3-51 

200' 

250' 

I FIGURE Al-1. ROMP TR7-2 

I AUOERING AND COREHOLE #1 BY CME 55, FALL 1992 
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FIGURE A13. ROMP TR7-2 I COREHOLE #l 
PROFlLED AlRUmD WSCHARGE RATE I 



FIGURE A 1 4  ROMP TR7-2 I COREHOLE #I 
mmmnulD-TuRE 

flGURE A14. ROMP TR7-2 1 COREHOLE 11 
P R O F e E O S P E a A C ~ A N C E  

i 
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FlGURE Al-6. ROMP TR7-2 I COREHOLE #I 
PRoFllEDFLulDpH I I 

8 I 

I 
.. 7.1 ............................................................................................. ................. I 7. 

0 50 100 150 200 250 5M 
CORMOlECWW (FfETBLS) i 

IGURES A1 4, -5, -6. ROMP TR7-2 
OREHOLE CONFIGURED WITH 30.5' TEMPORARY 4 HW STEEL CASING WHILE CORING 30.5 - 294.5' BLS. 

CIRCULATED DRILLING FLUID WAS FRESH WATER. 9/15/92 - 9/24/92. 



I FIGURE Al-7. ROMP TR7-2 I COREHOLE #l 

I P R O F l L E D u . S o 4 . T D S ~ m  

FIGURE A 1 4  ROMP TR7-2 I COREHOLE 81 
pFm=Lm ca, Mg c0NCENmATK)FSS 

I 

- 

I 

I 

I 

! 
I 

FIGURES A1-7, -8. ROMP TR7-2 
COREHOLE CONFIGURED WITH 30.5' TEMPORARY 4 HW STEEL CASING WHILE CORING 30.5 - 294.5' BLS. 
CIRCULATED DRILLING FLUID WAS FRESH WATER. 9/15/92 - 9/24/92. - 

I + CALCIUM e- MAGEIEslLWI 

I 



I Table A1-1. Results of Field Analyses, Corehole No. 1 1 ROMP TR7-2. 
. [LSD - 48.0' BLS]: Drilled via hollow-stern auger (LSD - 13.5' BLS), and split-spoon/wash (1 3.5 - 48' BLS). 

[48 - 294.5' BLS]: Drilled via wireline wring, circulating on fresh water. ( Temporary 4" HW steel casing set at 30.5' BLS during all coring of this hole. 

(NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 

WATER 

LEVEL: 

COREHOLE 

%CORE 

RECOVERY 

DATE 

(LIYDFI) - -1 
COREHOLE 

DEmn 

(FEET m) 

N R U ~  

D I W G E  

RATE 

SPEU~C 

CONWCTANCE 

(Mm) 

WATER 

TEMPERATURE 

@EGREES 

SPECI~C 

G R A W  

(HYDF!OMEFER) 

CHLORIDE 

@a) 
(HAW K T )  

SULFATE 

ow) 
W C H  

pn 

(COMBINATION 



Table A l - I  . Resutts of Field Analyses, Corehole No. 1 I ROMP TR7-2. 
[LSD - 48.0' BLS]: Drilled via hollow-stem auger (LSD - 13.5' BLS), and split-spoonlwash (13.5 - 48' BLS). 
[48 - 294.5' BLS]: Drilled via wireline wring, circulating on fresh water. 
Temporary 4" HW steel casing set at 30.5' BLS during all wring of this hole. 

NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 

SEQRC 

CONWCTANCE 

(am) 

WATER 

LML: 

COREHOLE 

( F T W  

INITIAL 

sm DATUM 

OF 

18.9 NGM) 

%CORE 

RECOVERY 

PER 

4s 

RUN 

DATE 

C 

[COMBINATION M € E R  (YSI)] 

WATER 

TEMPERATURE 

(DEGREES 

CELSIUS) 

AlRUFED 

DISCHARGE 

RATE 

(m) 

COREHOLE 

DEPTH 

(FEET BLs) 

S ~ C I R C  

G R A W  

(HYDROMETER) 

CHLOR~DE 

(men) 

(HACH KIT) 

SULFATE 

(mgn) 

(HACH KIT) 

PH 

(COMBINATION 

m B R  



~ b l e ~ e ~ f ~ a r ~ ~ ~ s , r l e ~ 0 1 L ( I Z L b l - 2 .  - - = m 
[LSD - 48.0' BLS] : Drilled via hollow-stem auger (LSD - 13.5' BLS), and split-spoonlwash (13.5 - 48.0' BLS). 
[48.0 - 294.5' BLSJ: Drilled via wireline coring, circulating on fresh water. 
Temporary 4" HW steel casing set at 30.5' BLS during all coring of this hole. 

NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 

CALCIUM 

(m 

PH WATER 

CONDUCTIVITY 

(uMHOS) 

DATE 

(MIDN) 

MAGNESIUM 

(mpn) 

COREHOLE 

DEPTH 

(FEET BLS) 

WATER 

DENSITY 

(dm1 al  20 

DEGREES 

CELSIUS) 

SODIUM 

(m0n) 

ION 

BALANCE 

( PERCENT ) 

(EXCLUDES 

IRON) 

POTASSIUM 

( m m  

IRON 

(mpn) 

SILICA 

(as SI) 

(men) 

TOTAL 

HARDNESS 

(as CaCO3) 

(W) 

TOTAL 

DISSOLVED 

SOLIDS 

(mgn) 

CHLORIDE 

(men) 

SULFATE 

(men) 

TOTAL 

ALKALINITY 

(as CaC03) 

(man) 

BROMIDE 

(men) 

FLUORIDE 

(men) 
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(PLUGGED) 
TEMPORARY 

COREHOLE #1 

295' 

LOWER 
INTERMEDIATE 

AQUIFER 
PIEZOMETER 

:.'114 200' 1 
250' 

310 749' 0 
UPPER SHALLOW (PLUGGED) 

SURFlClAL INTERMEDIATE UPPER FLORIDAN HOLLOW-STEM 
AQUIFER AQUIFER AQUIFER AUGER 
MONITOR PIEZOMETER PIEZOMETER HOLE 

ACTIVE 

COREHOLE #2 

I I COREHOLE #2 BY CME 55. FALL 1992 

I FIGURE A2-1. ROMP TR7-2 



I 
I FIGURE A2-2. ROMP TRF2 I COREHOLE %? 
I PROFllED POTENTICMETRE LMLS 

I FIGURE A23. ROMP TR7-2 I COREHOLE in 

i PROFlLED AlRLBTED OLSCHARGE RATE 

FIGURES A2-2, -3. ROMP TR7-2 
COREHOLE CONFIGURED WITH 306.5' TEMPORARY 4 HW STEEL CASING WHILE CORING 306.5 - 749' BLS. 
CIRCULATED DRILLING FLUID WAS FRESH WATER. 9/28/92 - 10/9/92. 



FIGURE A2-5. ROMP TR7-2 I COREHOLE #2 
FROFUED nm TEN~PERATURE 

FIGURE A2-6. ROMP TR7-2 I COREHOLE #2 
PROFILEDFLUlDpn 

IGURES A24, -5, -6. ROMP TR7-2 
OREHOLE CONFIGURED WITH 306.5' TEMPORARY 4" HW STEEL CASING WHILE CORING 306.5 - 749' BLS. 
IRCULATED DRILLING FLUID WAS FRESH WATER. 9/28/92 - 10/9/92. 



i 
I 

FIGURE A2-7. ROMP TR7-2 I COREHOLE #2 
PROFllED U. S04. TDS CONCENTRATONS 

! -, UILORK)E + SULFATE a ?US I 

FIGURE A2-8. ROMP TR7-2 I COREHOLE #2 
PRomED ca. Mg -m 

m i  I 

r 

FIGURES A2-7, -8. ROMP TR7-2 
COREHOLE CONFIGURED WlTH 306.5' TEMPORARY 4 HW STEEL CASING WHILE CORING 306.5 - 749' BLS. 
CIRCULATED DRILLING FLUID WAS FRESH WATER. 9/28/92 - 1019192. 



I 
Table A2-1. Results of Field Analyses, Corehole No. 2 I ROMP TR7-2. 

. [306.5 - 749' BLS] drilled via wireline coring, circulating on fresh water. 

I Temporary 4. HW steel casing initially set at 306' BLS: settled to 310' BLS by corehole depth 329'. 
and remained there through all subsequent coring of this hole. 

I NS = NO SAMPLE COLLECTED: NA = NOT ANALYZED 



Table A2-1. Results of Field Analyses, Corehole No. 2 1 ROMP TR7-2. 
[306.5 - 749' BLS] drilled via wireline coring, circulating on fresh water. 
Temporary 4" HW steel casing initially set at 306' BLS; settled to 310' BLS by corehole depth 329', 

and remained there through all subsequent coring of this hole. 

NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 

Pn 

(COMBINATM 

WOen 

SULFATE 

(msn) 
(HAW wr) 

CHLORIDE 

(m41) 

(w\W wr) 

SPECIFIC 

GRAVrrY 
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WATER 

TEMPERANRE 
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SPE~RC 
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OF 

18.9 W) 

AIRUFELI 

GiSCHARGE 
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[ ~ ~ N A ~ O N  METER (YSOI 

WATER 

LEVEL: 
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( F T W  

l N W  

%CORE 

RECOVERY 

PER 
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RUN 

DATE 

(MIDPI) 

COREHOLE 

D E m  

(FEEiBLS) 



~ b l e ~ ~ e s ~ ~ a ~ ~ ~ s . ~ - e ~ 0 - 2 .  = 
[306.5 - 749.0' BLS]: Drilled via wlreline coring, circulating on fresh water. 
Temporary 4" HW steel casing Initially set at 306.5' BLS; settled to 310' BLS by corehole depth 329, and remained there through subsequent coring of this hole. 

NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 



Table A2-2. Results of Laboratory Analyses, Corehole No. 2 1 ROMP TR7-2. 
[306.5 - 749.0' BLS]: Drilled via wireline coring, circulating on fresh water. 
Temporary 4" HW steel casing initially set at 306.5' BLS; settled to 310' BLS by corehole depth 329, and remained there through subsequent coring of this hole. 

. .- : NO -. .... PLE _ _ - .EC7 . NA T Ah !ED 

m m D - = m m - = = = -  

TOTAL 
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ION 
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(PERCENT ) 

(EXCLUDES 
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WATER 

DENSITY 

(glml at 20 

DEGREES 

CELSIUS) 

CALCIUM 

(IT@) 

PH WATER 

CONDUCTIVITY 

(uMHOS) 

DATE 

(MIWY) 

COREHOLE 

DEPTH 

(FEET BLS) 



I [ l b l e ~ e s ~ a ~ ~ ~ s , ~ ~ e ~ 0 ~ - 2 .  - - - - - = 
[306.5 - 749.0' BLS]: Drilled via wlrellne coring, circulating on fresh water. 
Temporary 4" HW steel casing initially set at 306.5' BLS; settled to 310' BLS by corehole depth 329', and remained there through subsequent coring of this hole. 

NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 

TOTAL 

ALKALINITY 

(as CaC03) 

(men) 

TOTAL 

DISSOLVED 

SOLIDS 

(men) 

BROMIDE 

( m ~ )  

SILICA 

(as SI) 

(men) 

FLUORIDE 

(mod) 

CHLORIDE 

(men) 

TOTAL 

HARDNESS 

(as CaCO3) 

(men) 

POTASSIUM 

(men) 

SULFATE 

(men) 

IRON 

(mfl) 

MAGNESIUM 

(mfl) 

CALCIUM 

( n l ~ l )  

SODIUM 

(men) 

ION 

BALANCE 

(PERCENT) 

(EXCLUDES 

IRON) 

WATER 

DENSITY 

(dml at 20 

DEGREES 

CELSIUS) 

PH WATER 

CONDUCTIVITY 

(uMHOS) 

DATE 

(MOM) 

COREHOLE 

DEPTH 

(FEET BLS) 
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(PLUGGED) LOWER UPPER SHALLOW (PLUGGED) 
TEMPORARY INTERMEDIATE SURFlClAL INTERMEDIATE UPPER FLORIDAN HOLLOW-STEM 

AQUIFER AQUIFER AQUIFER AQUIFER AUGER 
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400' - 

500' - 

600' - s ACTIVE 
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S 

FIGURE A3-1. ROMP TR7-2 

COREHOLE #3 BY CME 55, FALL 1992 

SUWANNEE 

LIMESTONE 

882' 



I FIGURE A33. ROMP TR7-2 I COREHOLE 83 
! F'oTEFmOLMLS vs. SPEQF#: GR4m 

FIGURE A3-2. ROMP W - 2  I COREHOLE # 
PRORLEDPO-LEMLS 

5 

2 i - 

-- - 
\ 

...... ... - ............................................................................................. 

I 

6M 700 800 900 loo0 1100 
--(FEEFEW 

flGURE A34. ROMP W - 2  I COREHOLE W 
PROFkED AIRLfmD DlSCHARGE RATE 

........ 

0 

600 700 800 900 10M) 7 100 
--FE-BLS) ! 

FIGURES A3-2, -3, -4. ROMP TR7-2 
COREHOLE CONFIGURED WITH 679' TEMPORARY 4 HW STEEL CASING WHILE CORING 679 - 1094' BLS. 
CIRCULATED DRILLING FLUID WAS FRESH WATER. 10123192 - 11/3/92. 



FIGURE M. ROMP lR7-2 I COREHOLE # 
PROFhEDsF€CRK:CONDUCTANCE 

600 700 800 900 la0 1100 
CORMOLE ca'n-! (FEET BLq 

FIGURE A3-6. ROMP TR7-2 I COREHOLE #3 
PROFlLED FLU0 TEW!ERATURE 

FtGURE A3-7. ROMP TR7-2 I COREHOLE #3 
PRomEDFLlnopn 

IGURES A3-5, -6, -7. ROMP TR7-2 
OREHOLE CONFIGURED WITH 679' TEMPORARY 4 HW STEEL CASING WHILE CORING 679 - 1094' BLS. 
IRCULATED DRILLING FLUID WAS FRESH WATER. 10123192 - 11/3/92. 



FIGURE A38. ROMP TR7-2 I COREHOLE #3 
P R a = u o  CI. S04. TDS CONCEMW\TIONS 

FIGURES A3-8, -9. ROMP TR7-2 
COREHOLE CONFIGURED WlTH 679' T E M P O M  4 HW STEEL CASING WHILE CORING 679 - 1094' BLS. 
CIRCULATED DRILLING FLUID WAS FRESH WATER. 10123192 - 11/3/92. 

FIGURE A3-9. ROMP TR7-2 I COREHOLE ti3 
pRomu> ca. k(g CONCENTRATKYJS 



Table A3-1. Results of Field Analyses, Corehole No. 3 1 ROMP TR7-2. 
[676 - 1094' BLS] drilled via wireline wring. circulating fresh water. [676 - 749' BLS] was wred again in this hole. ( Temporary 4' MN steel casing set to 676' BLS during all wring of this hole. 

- 

DATE CORWOLE %CORE A l R U m D  SPEClFlC WATER WATER SPECIFIC CHLORlDE SULFATE pH 

(MIDP()  DEPTH RECOVERY LEVEL. MSCHARGE CONDUCTANCE TEMPERANRE GRAVrrY (men) (men) 

(mr BlS) PER COREHOLE (uMnOS) (DEGREES ( H Y C R O M m )  (HACH I(IT) RATE (MCH (COUINATION 

4.65 (FT (GW) CELSIUS) PROBE) 

RUN INmAL 

sm nnwu 
OF [COAIBINATION METER (YSl)] 

18.5' NGVD) 

(NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 



Table A3-1. Results of Field Analyses, Corehole No. 3 1 ROMP TR7-2. 
[676.- 1094' BLS] drilled via wireline wring, circulating fresh water. [676 - 749' BLS] was cored again in this hole. 
Temporary 4" HW steel casing set to 676' BLS during all wring of this hole. 

NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 

pH 

(COMBINATION 

PROBE) 

S W F C  

GRAMTY 

(HYDROMETER) 

WATER 

TEMPERATURE 

(DEGREES 

CELSIUS) 

SPECIFIC 

CONWCTANCE 

(UM-) 

WLORlDE 

(m) 
(HACH KIT) 

AIRUFED 

M S C W G E  

RATE 

( G W  

SULFATE 

(@) 

(HAW KIT) 

[COMBINATION METER (YSI)] 

WATER 

LML  

COREHOLE 

(FT VJUT 

INmAL 

L 

sm DATUM 

OF 

18.9 NGVD) 

%CORE 

RECOVERY 

PER 

415' 

RUN 

DATE 

(MIDN) 

COREHOLE 

DEPTH 

[FER m) 



~ ~ I ~ ~ R B s L ~ A ~ s , c ~ N o M ~ - ~ .  a 
[679 - 1094' BLS]: Drilled via wireline coring, circulating fresh water; (679 - 749' BLS) was re-cored. 
Temporary 4 HW steel casing set to 679' BLS during all coring of this hole. 

NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 



Table A3-2. Results of Laboratory Analyses, Corehole No. 3 1 ROMP TR7-2. 
[679 - 1094' BLS]: Drilled via wireline coring, circulating fresh water; (679 - 749' BLS) was re-cored. 
Temporary 4" HW steel casing set to 679' BLS during all coring of this hole. 

:NO 'LE. ECT NA TAN :ED 

m ~ m m ~ m ~ m m m ~ =  

ION 

BAIANCE 

( PERCENT ) 

(EXCLUDES 

IRON) 

SILICA 

(as Sl) 

(mpn) 

TOTAL 

HARDNESS 

(as CaC09 

(mgn) 

PH WATER 

CONDUCTlVlN 

(uMHOS) 

DATE 

(MIDIY) 

CALCIUM 

(mpn) 

TOTAL 

DISSOLVED 

SOLIDS 

(mgn) 

WATER 

DENSIN 

(plml at 20 

DEGREES 

CELSIUS) 

COREHOLE 

DEPTH 

(FEET BLS) 

TOTAL 

ALKALINITY 

(aa CaC03) 

(mgn) 

MAGNESIUM 

(mpn) 

CHLORIDE 

(mgn) 

SULFATE 

(mgn) 

BROMIDE 

(mpn) 

SODIUM 

(m~n) 

FLUORIDE 

( m ~ )  

POTASSIUM 

(w) 

IRON 

(w) 



~ I ~ R ~ s L ~ A ~ s , c ~ N ~ o ~ Y I I ~ - ~ .  D - - - = = 
[679 - 1094' BLS]: Drilled via wireline coring, circulating fresh water; (679 - 749' BLS) was re-cored. 
Temporary 4 HW steel casing set to 679' BLS during all coring of this hole. 

NS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 

BRWIDE 

(m@) 

FLUORIDE 

(mM) 

SULFATE 

(mgn) 

TOTAL 

ALKALlNlN 

(as CaC03) 

(mu)  

TOTAL 

DISSOLVED 

SOLIDS 

(mu4 

CHLORIDE 

(mM) 

IRON 

(mu)  

POTASSIUM 

(mpn) 

SODIUM 

(mOn) 

SILICA 

(as SI) 

(W) 

TOTAL 

HARDNESS 

(as CaCO3) 

(men) 

CALCIUM 

( m ~ )  

ION 

BALANCE 

( PERCENT ) 

(EXCLUDES 

IRON) 

MAGNESIUM 

(mgn) 

WATER 

DENSITY 

(glml at 20 

DEGREES 

CELSIUS) 

PH WATER 

CONDUCTIVIM 

(uMHOS) 

DATE 

(Mlolv) 

COREHOLE 

DEPTH 

(FEET BLS) 







1 FEET 

22-INCH NOMINAL BOREHOLE (LSD - 62) 
TYPE I1 CEMENT GROUT (LSD - 62') 

lSlNCH STEEL CASING (+I' - 601 

17 IR-INCH NOMINAL BOREHOLE ( 60' - 365) 

TYPE I1 CEMENT GROUT ( LSD - 3€57 

12-INCH STEEL CASING (+1' - 358') 

1 RST PHASE DRlLLlNG 
11 IR-INCH NOMINAL BOREHOLE (358' - 700') 
PUMPEDWELL IN SHALLOW UPPER FLORIDAN 
AQUIFER APT 

2ND PHASE DWLUNG 
5 5J81NCH NOMINAL BOREHOLE (700' - 1048') 
FOR PACKER TESTS @ 713,758', 807,8511, 
1020', 1030' (") 

3RD PHASE DNLUNG 
I 1  1R-INCH NOMINAL BOREHOLE . . . . . , (REAMED 700'- 1048') 
(DRILLED 1048' - 1109') 

1m.o--J 
FIGURE A4-I. ROMP TR7-2 

DEEP WLORATORY WELL 
PHASE 1,2, & 3 DRILLING AND PACKER TESTS # l  - 6 



INFLOW PORT ON BINCH TEMPORARY /- STEEL CASING 4' ALS 

22-INCH NOMINAL BOREHOLE (LSD - 62') 
TYPE II CEMENT GROUT (LSD - 62') 
1 &INCH STEEL CASING (+I ' - 60') 

17 10-INCH NOMINAL BOREHOLE ( 60' - 365') 
TYPE II CEMENT GROUT ( LSD - 365') 

12-INCH STEEL CASING (+I' - 358') 

I I 3RD PHASE DRILLING 
I I 10-INCH NOM~NACBOREHOLE 
(REAMED 700' - 1048' ) 
(DRIUED l o w  - 1mciq 

&INCH TEMPORARY STEEL CASING 
(+5 - 1109'); BRACED AT SURFACE 

FF- MEDIUM BENTONITE CHIPS ( 1 W  - 1 lW)  

. , 

, I  . . . 4TH PHASE DRILLING 
. . 

I 

5 YWNCH NOMINAL BOREHOLE (1 109' - 17153 
' , . DRILLED FOR PACKER TEST @ 1450', 1480', 

1 584,1667 r) 
. .  . . . , . , . . 
. . . 

7 %INCH NOMINAL BOREHOLE (1109'- 1555') 
REAMED TO CLEAR OBSTRUCTIONS 

4 518-INCH COREHOLE (1698' - 1713') 
LATER REAMED TO NOMINAL 5 5BINCH BOREHOLE 

THIS WLORATORY WELL WAS 
PLUGGED AND ABANDONED UPON 
COMPLETION OF ALL TESTING 

FIGURE A4-2. ROMP TR7-2 

DEEP WLORATORY W E U  
PHASE 3 8 4 DRILLING & PACKER TESTS #7 - 10 



FIG. A44. ROMP TR7-2 I DEEP EXPLOR. 
PROFaDDFLUB)TBdPERATmE I 

I 

FIG. M-3. ROMP TR7-2 I DEEP EXPLOR. 
P R O F I L E D S P E a F c ~ A N C E  

........................................................................................................... 6- -...... 
I 

I 0 i I 
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i f l o r n  
" 1 I 
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i 0 ' . . : : . ' :  , ;  
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FIG. A4-5. ROMP TR7-2 I DEEP EXPLOR. 
PRoFtlEDFLmpn 

8 ,  

............................................................ ...................................................... I 7 8  t 
,,+. ..................................................................................................................... 

......................................................................................................... 7.4 t i 
i .............................................. ................... 

................................................................. 

6.6 .- ' ' ............... 

....................................................................................................................... I 6.4 1 
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624 . ; 
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l im 1x10 ism 1400 im 1em im ism 
BOREWE (FEET BLS) 

URES A4-3, -4,6. ROMP TR7-2 
PLORATORY WELL CONFIGURED WITH 1109' TEMPORARY 8 STEEL CASING WHILE DRILLING 1109-1715' BLS 

ERSE AIR DRILLING SALINE PORTION OF FAS (4/194/22194). PACKER TEST SAMPLES AT 1500', 1715'. 



FIG. A4-6. ROMP TR7-2 I DEEP EXPLOR. I 

~ R O F ~ E D ~ . ~ . T ~ - ~  1 

FIG. A4-7. ROMP TR7-2 I DEEP EXPLOR 
PRoF!sD Ca. Mg CmKmmAm 

FIGURES A4-6, -7. ROMP TR7-2 
EXPLORATORY WELL CONFIGURED WITH 1109' TEMPORARY 8 STEEL CASING WHILE DRILLING 1109-1715' BLS 
REVERSE AIR DRILLING SALINE PORTION OF FAS (41196iW94). PACKER TEST SAMPLES AT 1500, 1715'. n 



)aMe A4-1. Results of F i ld  Analyses. Deep Exploratory Hole l ROMP TR7-2 
11080 - 1715' BLS]: Drilled reverse-air rotary. 
Initial drilling to 1109' BLS out of 358' 12" steel casing. 
Temporary 8" steel condudor pipe set to 1109' BLS, to below the saltwater interface, for exploratory 

drilling 11 09 - 171 5' BLS. (Closed drilling circuhtion back into conductor pipe for downhole discharge). 

DATE EXRQUTORI WATOi NRUFlED SPECmC WATER SPECmC CHL- SULFATE pn SWPLE 

LEKl D- CONDUCTANCE lEMERATURE G R A W  (nrpn) (mpn) mzmEvN 

(FEETBLS) 80RMOLE RATE (lM+w (DEGREES BUCHIOT) MAWW (COLIBmW M€rnoo 

F W  (-w QLSNS) PROBO 
l N W  

SlTEDATUd 

OF 

INS = NO SAMPLE COLLECTED; NA = NOT ANALYZED 



Table A4-2. Results of Laboratory Analyses, Deep Exploratory Hole I ROMP TR7-2 
11080 - 1715' BLS]: Drilled reverse-air rotary. 
lnltlal drllllng to 1109' BLS out of 358' 12" steel casing. 
Temporary 8" steel conductor pipe set to 1109' BLS, to below the saltwater Interface, for exploratory 

drilllng 1109 - 1715' BLS. (Closed drilling circulation back Into conductor pipe for downhole discharge). 

05105194 
05/11/94 
05/12/84 

0511W 

05/17tW 

6/22/94 

CNCIUM 

( d )  

M l E  

(m 
W E R  

C M I D U C T M N  

(dAH08) 

EXPLORAlORV 

DEPTH 

(FEET 818) 

1286 
1327 
1358 
1380 
1410 
1MX) 
1614 
1545 
1808 
1838 
1852 
1867 
1715 

U W E S I W  

( 4 1  

pH 

NA 
N A 
NA 

48480 
N A 

61840 
N A 
NA 
N A 
NA 
NS 
NA 

64380 

SOMUU 

( 4 1  

W C R  

D E N J l N  

(W ll a 
DEOREEB 

CEL81UB) 

N A 
N A 
N A 
7.08 
N A 
7.5 
N A 
N A 
N A 
NA 
NS 
NA 
8.0 

WTA88IUU 

(dl 

KW 

O W E  

PERCENT) 

(WCLUDEB 

m o w  

N A 
N A 
N A 

1.0251 
NA 

1.0261 
NA 
NA 
NA 
N A 
NS 
N A 

1.0272 

IRON 

( 4 )  

N A 
N A 
NA 
1.98 
N A 
1.61 
NA 
NA 
NA 
N A 
NS 
N A 
1.7 

SlUCA 

(**&I 

( d l  

1430 
N A 
NA 

1620 
N A 

1480 
NA 
NA 
N A 

1380 
NS 
N A 

1630 

T O T N  

H l n O M 8 8  

(.I CmCO3) 

W d )  

880 
NA 
N A 
010 
NA 
030 
NA 
N A 
NA 

1020 
NS 
N A 
070 

T O T N  

o l 8 8 m M O  

8 W D 8  

( d )  

N A 
N A 
NA 

0260 
NA 

9930 
NA 
NA 
NA 
N A 
NS 
N A 

10060 

CHlORlDE 

( 4 1  

NA 
NA 
N A 
240 
N A 
280 
N A 
N A 
N A 
NA 
NS 
NA 
280 

BUIFATE 

( 4 )  

NA 
N A 
N A 

2.251 
NA 
N A 
N A 
N A 
N A 
N A 
NS 
NA 

7.032 

T O T N  

AUULlNlN 

(me CmC03) 

( 4 )  

N A 
N A 
N A 
7.08 
N A 
7.41 
N A 
N A 
N A 
N A 
NS 
NA 
4.9 

BROMIDE 

( d )  

NA 
NA 
NA 

7792 
N A 

7640 
N A 
NA 
NA 
NA 
NS 
NA 

8 W  

FLUORIDE 

I d )  

(UMPLI  

RETRIEVAL 

METHOD 

29830 
N A 
N A 

30420 
NA 

34010 
NA 
N A 
N A 

38090 
NS 
N A 

34540 

16800 
NA 
N A 

18800 
N A 

18000 
N A 

N A 
NA 

1- 
NS 
NA 

17780 

2040 
N A 
N A 

3130 
NA 

2020 
N A 
N A 
N A 

3330 
NS 
NA 

3040 

181 
N A 
NA 
160 
N A 
157 
N A 
NA 
NA 
185 
NS 
NA 

N A 
N A 
N A 
0 

NA 
0 

NA 
NA 
NA 
N A 
NS 
N A 

80 1 136 

N A 
N A 
N A 
N A 
NA 
N A 
N A 
N A 
NA 
N A 
NS 
N A 

BAILER 
DISCHARGE 
DISCHARGE 
DISCHARGE 
MSCHARGE 

PKR TEST W148&1603 D ISCWOE 

DISCHARGE 
DISCHARGE 
DISCHARGE 

BAILER 
NS 

DISCHARGE 
0.93 TlUElNTER PW) 1 8 1  l l W l W 7 - 0 1 6  





L I m o L O G I C  -WELL LOG P R I r n U T  SOURCE - rcS 
UELL NtMBER: W-30020 COllKlY - HASATEE 

TOTAL DEPTH: 0 1 0 9 4  FT. LOCATICN: T.3SS R .17E  5 . 1 3  BD 

SAMPLES - NONE LAT - 27D 2 6 1  1 2 s  

LON = 82D 33M 0 1 s  

COEIPLRION DATE: 03 /11 /92  ELEVATION: 1 9  fT 

OTEIER TYPES OF tOGS AVAILABLE - CALIPER, GAMA, ELECIXIC, 1PIPERAmRE. OTHER 

-/DRILLER: SWFWMD 

SWFWMD ROMP IR 7 - 2  / .ONECOm (MANATEE PROPERTY) 

WORKP) BY:- RAPPWN (SH?7@D GEOLOGI!3l7. LLOYD JOENSCN, J. PAT MEAWRS (SWf 

DRILLERS) : HOLII;IW SPP( AUGER, S P L I T  SFOCN, CORIIR; LSD - 1 0 9 4 '  

Tan TOY (m DRILLER) : WSlTOR -OH. 

TKIS SAMPLE DESCRIPTION I S  A CCWPOSITE O F  FIVE CI3SX.Y S P A W  BORMGS: 

(A) H O L L Q W - S m  AUGER SZLHPLeS : 0 - 1 3 . 5  ' : (B) S P L I T  S#XIH m: 
1 3 , s - 4 8 '  ; ( C )  CORE : 4 8 - 1 0 9 4 '  ( 9 / 9 2 - 1 1 / 9 2 )  ; (D) --AIR 

ROTARY: 1 0 9 4 - 1 7 1 3 '  ( 4 / 4 9 - 6 / 9 4 ) .  -m CORING A C C W L I S ~  USING 

PLAIN AS DRILLING FLUID, ALCOFJING ROUTME P O 2 E N T I ~ ~ C  PROETLMG 

AM) THlZF SAMPLING DURING THE COURSE O F  CORING. D E D  I X F O ~ I C I N  

AVXfLAaLE FXM QZOEXDROLOGIC DATA SECTION. 

0 .  - 21. 0 9 o v D s s  u N D I L I p c M . p ~ ~ ,  CLAP, AW) SEx.Ls 

21. - 444. 1 2 2 m  EmmHORN GRWP 

21. - 332. 12- ARCADIA a. 
332. - 4 4 4 .  122- -A O F  ARCMU Pn. 

4 4 4 .  - 6 8 2 .  123- LlMCSTOlCZ 

682. - 9 4 4 .  124OCAZl OCAIA 

9 4 4 .  - . 124AVPIC A M N P A R X S M .  

0 -  1 SAND; 

F I L L  DIRT AND SHELL 

1 - 3 SAND; LIGHT GRAY 

35t POROSITY: INTER-, POSSIBLY HIGH PERHEABILI'PI 

GRAIN SIZE: FINE; RANGE: FINE TO HEDIM; HIGH s P = I c I n  

UNCONSOLIDATED 

ACCESSORY MINERALS : CLAY- 0 5 %  

UPPER 0 . 5 '  CONTAINS ORGANICS, ROOTS; REST OF UNIT IS VERY 

CLZAN AND WELL SORTED. 



Page 2 (W-30020) 

.. 

3 - 6 Slll9); GRAYISH B R W  TO BLACKISH RED 

28% POROSITY: 

GRAIN SIZE:  FINE; RANGE: VERY FINE TO COARSE 

ROUNENSS: ROUNDED TO SUB--; HIGE SPHERICITY 

UNCONSOLIDATH) 

CEMEAT TYPE(S): CLAY HATRIX 

SEDnmNTmY SPRucKlREs: MOTPLED 

ACCESSORY MINERUS: (ILAY-12%. IRON STAIN-042. SILT-052 

VERY DARK BROWN TO AMBER STAINED QUARTZ SAM). 

6 - 8 . 5  SAND; DARK YEUOWISH ORANGE TO VERY LIGf3T 0- 

30% POROSITY: INTER- 

GRAIN SIZE:  FINE; RANGE: FINE TO =Ion; m I U M  SPBERICITY 

UNCONSOLIDATED 

S E D n m m m Y  SPRucmRBs: MOTPLeD 

ACCESSORY -: (ZAY-05%, IRON STAIN-022 

POORRECOVERY. WET, uxL5zSAND. 

8 -5- 14 SAND; VERY L I m  TO GRAYISI BROWN 

405: POROSITY: -, POSSIBLY HI= PERMEABILITY 

GRAIN S IZE:  MEDIW4; RANGE: FINE TO MEDIUM 

mm SPHERICITY; uNcONs0- 
SBDIMGKPARY S P R u m :  MASSIVE 

ACCESSORY MINERALS: PHOSPHATIC SAND-01%, IRCN !iTAIN-012 

OTEER FEATURES: SDCROSIC 

W E U  SORTED SAM). UKIT GRADES (IRON STAIN) TOYULRD 

BASE. 

14 - 15 SAM); GRAYISH BROWN 

352 POROSITY: INTER-, POSSIBLY HIGH PERMEABILITY 

GRAIN SIZE:  F m ;  RANGE: FINE TO GIWXJLE 

Rcummss: SUB-ANGmm TO RcxmDED; mm SPBERICITY 

UN-LIDATED 

m Y  m: PHOSPHATIC QLkVEL-012, IRON STAIN-012 

OTHW ExluRBS: mm R E C R Y ~ I Z A T I O N ,  VARVH) 

110LLUSC (TO 1.5 C34) HASH IN BIMODAL SAEID. 

15 - 17 SAND; (;RAYISH BROWN TO DARK BROWN 

35% POROSITY: -, POSSIBLY HIGH P E R m m I L I T Y  

GRAIN SIZE:  FINE; RANGE: PINE TO WEDm 

R m :  SUB-ANGULAR TO ROUNDED; HIGH SPAgRICITY 

UNcoNsoLIDATm 

ACCESSORY MINERUS: PHOSPHATIC SAND-03% 

PHOSPHATIC GRAVEL-022 
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.. 

17 - 18 L-; YELLWISH GRAY 

20% POROSITY: MOLDIC, m- 
GRAIN TYPE: (aLCIrnITE. SKELeTAC 

052 -CAL CONSTIT(JENTS 

GRAIN SIZE: MIaocRYsTALLmE 

RANGE: CRYPTOCRYST?dLINE TO MICROCRYSTNUNE 

GOOD INDURATIW 

CDmlT TYPE (S) : CALCILrZTITE MATRIX 

ACtESSORY MINPLALS: PYRITE-01% 

FOSSILS: MOLLUSKS, FOSSIL MOLDS 

HARD MOLDIC LIMESMNE WI'm SOME LARGE BIVALVE FRAGmNTs. 

T R A W  OF VERY FINE C;RAINED ENCRUSTING PYRITE. 

18 - 19.5 -; YELLOWISH GRAY 

12% POROSITY: LOW PERMEABILITY, - 
GRAIN TYPE: QLUTIrnITE, SKELFI2LI. 

05% -CAL CONSP- 

GRAIN SIZE: MICRmy-INE 

RANGE: CRYPTOCR- TO MICROCRY- 

llODERATE INDURATION 

cmm TYPE(S): CZAY MA-, CAtCnurIm HATRIX 

SEDIHEHPARY -: BRECCIA!I'ED 

m Y  I3INERALS: CLRY-35%, QUARTZ SAND-10% 
PBOSPBATIC SAND-02% 

FOSSILS: MOLUrSKS, FOSSIL -, -ID 

19.5- 21 NO-LES 

LOST FO3TAGE DUE TO REAMING. DRI- LIKE PREVIOUS 

ImZRVAC. 

21 - 22.5 CLAY; OLIVE GRAY TO YELLOWISH GRAY 

10% POROSITY: LOW -1LITY. INTERGRAN[JLAR 

-; MODERATE INDURATICN 

-TYPE(S): CLRY MATRIX 

sEDIf4mTARY Sl'RlxxUREs: HOTPLGD 

AC(IBSS0RY I3fRHULLS: C A t C I n - 3 0 % .  SAND-05% 

PHOSPHATIC SAND-02% 

O T B E R ~ : ~  

MOTTLQ) -0s WHITE (ILAY AND DARK GREEN SLIGRTLY SANDY 

CLAY. SCXE LPlESPOblE (ZASTS (TO 3 CM) AND THIN (1.5 0 4 )  

STRIEA;ERS. 

22.5- 23.5 m ;  YELLOWISH GRAY 

30% POROSITY: LOW -1LITY. 

ImDEmTE INDURATION 

cmm TYPE(S) : CLAY MATRIX, CRLCILmITE MATRIX 

AC(TSS0RY MINERACS: CWLY-405, PYRITE-01% 

(ILAYEY m .  GKMm A m  P A m m  WEIEN SAmTED/LIm AND 

POROUS DRIED Om. TRACE AWUN'IS OF .25Pgrl PYRITE CRYSTAL 

mszs WITHIN ORGANIC a.rmx POCKFPS. 
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23.5- 29 CLAY; C;RAYISHGREEN T O D A R K ~ S H G R A Y  

POROSITY: NOT OBSERVED, IcW PERMEABILITY 

W E R A T E  INDURATION 

CEMENT TYPE(S): CLAY MATRM 

SH)nmmARY sTR-: MASSIVE 

ACCESSORY MINERALS: PYRITE-02%, W T Z  SAND-01% 

OTEER FEATURES: PWISPIC 

VHLYCLEAACLAY. TRACEQUARTZSAND. SEVERACMASSESOP 

VERY FIHE PYRITE CRYSTALS TiIROlXWUT IHTERVAL. 

29 - 30.5 NO SAMPLES 

REA13ED TO SEAT 4' -Y CASIWS. PROBAELY LIKE rmFVIODS 

UIOIT. 

30.5- 30.8 CLAY; GRAYISHGREENTO DARKC;REEMSIIGRAY 

POROSITY: NOT OBSHIVED, LOW PERHEABILITr 

MODERATE IHDURATION 

cmm4T TYPE(S): CLAY M?.TRIx 

AcazssORY -: PYRITE-01% 

OTHER FExrmks: PLASTIC 

30.8- 34 CLAY; L I m  OLIVE TO L I m  OLIVE GRAY 

101 POROSITY: LOW PERHEABILITY; MXERATE INDURATION 

CmmT TYPE(S): CLAY )3ATRM 

SEDImNTARY STRuCrDREs: mT'rLED 

AccEsmRY MINERALS: CAGCILvrn'E-20%. mT7, SAND-03% 

PHOSPHATIC SAND-02% 

OTHER PEATURES: CAGCAREOUS, KmmGmED 

SLIQfPLY TO MODHULTELY CAUZAREOILS CLAY. POCRFPS OR 

FIssuREs CmTAmmG WELL-SORTED, BRIGHT HEITE FIHB 

amml'mm. 

34 - 36.5CLAY; LIGeTOLIVE 

121 FOROSITY: LOW PHIMEABILITY; IKmHULTE ImUwnION 

cmm4T TYPE(S): CLAY MATRIX 

AC(3ESSORY MINERALS: QlIARTZ SAND-30%, V - E %  

P%OSPEATIC SAND-06% 

VERY W Y  - CLAY. 
36.5- 46.4 CLAY; ORAYISB OLIVE GREEN 

POROSITY: XOT 03SRVED. LOW PERMEABILITY 

rnDBl2A.m INDURATION 

(IPIEKP TYPE(S): CLAY M A W  

OTHER EzxmREs: PUSTIC 
P IS TENT PURE DARK GREEN CLAY. 

46.4- 48 CLAY; YELLOWISH GRAY 

12% POROSITY: LOW PHIMEABILITY; MDDERATE INEURATION 

-TmE(S): CLAYMATRIX. CAGCIWfiITE MATRIX 

ACCESSORY M: QLlfiILJJTITE-252, WART2 SAHD-05% 

PHOSPHATIC SAND-04% 

OTHER FExrmks: -, CEALKY 

VERY STIFF CALCAREODS CLAY 
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48 - 48.5 CALCILOTITE; YELLOWISH(;RAY TOVERY L I m  

182 FOROSITY: INTE!3- 

(;RAIN TYPE: CALCILUTITE; 202 A u K B E m C A C  mNsIT(JE#rS 

(;RAIN SIZE: MICROCRYSTWINE 

RANGE: MICROCRYSTWINE TO VERY FINE; GOOD INDORATION 

(PIEHT Type (S) : cAz.cILurITE MATRIX 

ACaLSSORY MINERALS: CLAY-102. PHOSPRATIC SAND-031 

O'mm FEATmES: CAAtKY 

48.5- 63.5 CALCILUTITE; YELLOWISH GRAY TO VERY LIGRT GRAY 

151 POROSITY: LOW PEMG?SILITY, INTERQULNULAR 

(;RAIN TYPE: CACCfLUTITE; 101 ACLOCBEMImL CoNsTITlJENTS 

GRAIN SIZE: MICROCRYsTALLmE 

RANGE: MIcROcaYSTWINE TO VERY FINE; MODERATE INDURATION 

cmm4-r TYpE(S) : CALCIrnITE HATRIX, aAY MATRIX 

SEDIMENTARY STRKTURES: INTERBEDDED 

D R Y  MINERXS: CLAY-201. PHOSPHATIC SAND-032 

O'mm FEATmzs: aaLm 
INTERBEDDED CLAYEX CALCILUTITE AND THIN LAYERS OF GRAY 

CARCAREODS (ILAY 

63.5- 75 CXCCLUTITE; YELL&IISH GRAY 

152 POROSITY: LOW PERMEABILITY, m G R M U L A R  

TYPE: CALCILORTE; 101 AtUXgE13ICAC CONSTITUEKPS 

C;RAIN SIZE: MICR~YSTXLINE 

m: MICRCCRYSTBJLINE TO VERY FINE; MDERATE INDURATION 
cmm4-r W E  (S) : cAz.cILUPITE I3ATRIX 

ACCESSORY HINERALS: CLAY-151, P3IOSPHATIC SAND-071 

SAND-032 

OTHER FEATURES: CEnLKY, SPECKLED 

cxaTAms SO)rIE CLAY E x a s  (TO 1 0 4 )  & CmRT ?lo- 
(TO 2.5 M). UNIT GfiS CLAYIER (TO 351) IN LOiQER 1'. 

75 - 76 CLAY; YELtOWISH C;RAY TO LIGHT OLIVE GRAY 

121 POROSITY: LOW PERMeABILITY, 1- 

M3D- INDIJRATION 

cmma rn(S): CLAY MATRIX 

SEDIMENTARY STRDCPURES: SPRBAXH) 

AccEsoRY HIHERAZS: CALCILUrITE-202. PROSPIPITIC SAND-011 

OTBER FEATURES: awARmus, sm- 
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76 - 83 CRZICILWTITE; VERY LIGET GRAY TO LIGHT GRAY 

25% POROSITY: MOIDIC, VWSULAR, 

(;RAIN TYPE: CALCILWTITE, SKELTAL CAST, CAST 

40% ALLO(gPIICAt -IT[JERPS 

(;RAIN SIZE: M X C R C C R Y ~  

m N G E :  MICROCRYSPWINE TO FIHE; GOOD INDURATION 

TYPE(S): CAGCILITPITS K&TRlX, (ZAY MATRIX 

SED-Y SRVXDRSS: BIOlTlREATED 

ACCESSORY m: W - 1 5 % .  PHOSPHATIC SAUD-02% 
PHOSPHATIC GRAVEL-02% 

OTBER FEATURES: CHALKY 

UPPER -5' IS VERY MOLDIC (35 - 40% POROSITY), puARz SANDY 

AND DARK GFAY. REMAINDER SCATPERED BURROWS (PA#PLY 

mFILLED). 

83 - 89 CALCILUTITE; VERY LIGET C;RW TO YELLOWISH C;RAY 

18% POROSITY: 

GRAIN TYPE: OILCILUTITE; 05% ALLOCBWCAZl m I T U E N T S  

QlAIH SIZE: MIcRccRYsTALLmE 

RN?GE: CRYPmcRYSTWmE TO VERY FIHE; GOOD m T I m  

CPIENT TYPE (S) : CALCIMJTITE MATRIX 

AC(IESSORY HIAERAZS: QUARTZ SAND-032. PBOSPHATIC SAND-03% 

OTBER mA!mREs: PARTIES, CAALm 

VERY HARD, VERY FINE C;RAINED WITH SANDY PARTINGS. SOM6 

LITHfC FR?mmTs & (ZAY BmB.s (1-2 ad). 

89 - 93 D I T E ;  YELLOW1SHGRAYTOLIGHTC;RAY 

12% POROSITY: LOW m I L I T Y ,  ImmtGRAmLhR 

C;RAIN TYPE: CALCIUfiITE; 05% -CAC CONSTITUENTS 

GRAIN SIZE: MICRocaYsTALLIRE 

RAHGE: W I m Y S T X U N E  TO VERY FIRE; WERATE IHDURATION 

CmmT TYPE(S): C A L C I ~  KxIWx, CLAY MATRIX 

SEDIMENTARY STRUCT(IRES: NO- 

AcassoRY MmmAIS: W - 2 0 % .  PHOSPHATIC SAHD-022 

QUARTZ SAM)-02% 

OTEIER FEATURES: PARTms.5 

93 - 94 CLAY; YEtCOWISA GRAY 

POROSITY: LOW PERMEABILITY, m OESERVED 

' MmERaTE IImnFLTIoN 

CmRn (S) : (ZAY mmux, CACCILWTITe MA!rRIx 

ACCESSORY -: CALCILUTITE-2O%, PHOSPHATIC SAHD-03% 

m T Z  SAND-03% 

OTEIER FEATIIIRES: CALOREOOS 

BED OF OLIVE GREEN CLAY AT BASE. 
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94 - 96 C A C C I m T E ;  YELLOWISH GRAY 

152 POROSITY: INTER-, LOW PERM2ABILITY 

GFXtN TYPE: CAL-CILUTITE; 05% WXX3IEMICAC CONSTI-S 

GRAIN SIZE: M I C R O C R Y ~ I N E  

RANGE: HICRO(IRYSTALLINE TO VERY PIHE; mERXI7% INDmTION 

TYPE(S): UAY MATRIX, CUCILURTE MATRIX 

ACU3SSORY MINERALS: (ZAY-252, WAF32 SAHD-03% 

PHOSPHATIC SAND-032 

OTHER FEATURES: PARTINGS 

96 - 98.8 W ;  YELLOWISH GRAY TO LIGEIT OLIVE GRKY 

POROSITY: LOW PERMEABILITY, NOT OBSERVED 

WERATE INDURATION 

cmmm TYPE(S): (ZAY MATRM 

-1-Y STRUCTURES: BANDED, -ED 

ACCESSORY MINERALS: C A L C I m - 1 5 2 ,  PHOSPHATIC SAND-022 

QUARTZ SAND-022 

BEDS OF NON-- (MP). OLIVE) , & VERY CALCAFSOOS - (LIGET OLIVE) CLAYS. 
98.8- 104.7 CALCILVl'ITE; VERY LIGHT GRAY TO YELLOWISH GRAY 

30% POROSITY: PIOLDIC, V(X;OLAR, IKPERC;RANIJLAR 

GRAm TYPE: CAxILmITE, - 
25% -CAL CONSPITUENTS 

GRxfN SIZE: M I C R o c R Y ~ m E  

RANGE: HIcRocRYmINE TO VERY FmE; GOOD INDURATION 

CEMEKT TYPE(S1: - MATRIX 

SED-Y SPRUCTURES: BRECCIATED, W I T L E D ,  NOEUIAR 

ACCESSORY MINERALS: m T - 1 5 2 ,  QUARTZ SAND-102 

PHOSPIIATIC SAND-032. CLAY-022 

m x E R  PEATWRES: VARIEGATED 

FOSSILS: FOSSIL Mom, CORAL, m- 
HOLDIC LPIESMHE (DESSICATED?) . RE- IN 

PART BY CBERT OR SAHDS. 

104.7- 109.4 CUY; YELLOWISH GRAY 

122 FazosITY: LOW PERMEABILITY; MOD- ImmATION 

cmmm TYPE(S): CLAY MATRIX, CACCILmTPEi MATRM 

ACCESSORY MINERALS: --352, PHOSPHATIC SAND-03% 

PHOSPIIATIC GRAVEL-02% 

OTHER FEATURES: - 
VARIABLY SOm TO rnDERxr5Y aARD aLcmEms CLAY - 
ROUNDED PHOSPHATIC G U V E L  (1 M) AM) ALTERH) WLtDSC CASTS. 
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109.4- 113.5 CALCILUTITE; YELLOWISR GRAY TO OLIVE GRAY 

25% POROSITY: WLDIC, VZIGVLAR, 

GRAIN TYPE: CALCILDTfTE, INl'RACLASTS 

25% CUNSTIT(JENTS 

GRAIN SIZE: nIcRO(IRYsTALLmE 

RANGE: HIcRocRYsTAILINE TO VERY FINE; GOOD INDDRATIOA 

C E m m  TYPE (S) : SILICIC (3PIENT, (IAUIILUTITE mTRM 

SEDIMERl'ARY STRUCI'WZS: BRECCIATED, W T l L E D  

ACCESSORY MINERALS: CBERT-ZOI, QUARTZ SAND-06% 

PHOSPHATIC SAND-02% 

QPHER FEATDRES: VARIEGATED 

FOSSILS: FOSSIL MOLDS 

OR DISSOLmIOHED MOLDIC MICUTE, RE- IN 

UPPER z m  WITH CBERT/RECRYSTWIZED QoARTZ SANDS. MANY 

LITEIC m. 

113.5- 117.5 CAL€ILUPITE; YELLCHIS G A Y  TO LICiaT OLIVE GRAY 

15% POROSITY: LOW PERMEABILITY, IW'I'ER- 

C;RAITJ TYPE: CALCIrnITE; 101 A L U X l s E M I a  msT1T(JEPrPS 

GRAIN SIZE: MICROCRYSTWINE 

m: MI-- TO VERY FIHE; POOR IHDURATION 

CmmT TYPE(S): aLcnmxTE MATRIX, CLAY MATW( 

ACa3SORY MINERAIS: CLAY-15%. PHOSPHATIC SAND-04% 

m T Z  SAND-03% 

OTHHl FEATDRES: CEaLKY, PAF3mxs 

117.5- 120.5 CACCn;[firPE; YELLOWISH GRAY 

15% POROSITY: LOW PERMEABILITY, IW'I'ER- 

GRAIN TYPE: aIaLmmE; 10% ~ I T o E N T s  

GRAIN SIZE: MI-YmxLLINE 

m: C R m y s T A u I m  TO M I c R o m Y ~ m E  

HODERATE IHDDRATION - TYPE(S): CALCILwrrm MATRIX 

ACCESSORY MINEFSU:  SILT-15%. PHOSPHATIC -02% 

PYRITE-01% - FEAT[IRES: CEaLKY 

123 - 124 -5 CLAY; m S B  GRAY 

POROSITY: LOW PERMEABILITY, NOT OBSERVED 

MODERATE INDURATION 

CMEHT TYPE(S1: CLAY MATRIX 

ACCESSORY -: PHOSPAATIC SAND-02%. PYRITE-01% 

OTBER FEATIJRES: SPLINTERY 
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124 -5- 128 NO SAMPLES 

NO RE-Y. m T Y  FRAC;MENT BLOCKED CORE BIT. DNIT CUT 

SIMILAR TO PRFVIOUS CLAY. 

128 - 129.3 CLRY; LIGHT OLIVE GRAY 

15% POROSITY: LOW PERHEABILITY. INTER- 

WERATE INDuRATIrn 

cmEmTYPE(S): CLAYmTRIX, CAtCILUPITe-IX 

A-ORY -: CRGCIIDlTTE-06%. PHOSPHATIC SAND-02% 

cwA#p;I. SAND-02% 

OTIIH( FEATORES: SPLINTERY, CALCAREOUS, PART- 

129.3- 138.5 CUCILURTE; YELuIwISII GRAY 

18% POROSITY: -, LOW PP(13EABILITY 

GRAIN TYPE: CAWILDTITE; 15% -CAL CONSPITOENTS 

QULM SIZE: MIcRocaYsT.AuINE 

m: MICROCRYSTALLINE TO VERY FINE; POOR 

cR4mT TYPE(S): CAMlnmrITE MATRU(, (ILAY MATRIX 

D R Y  -: CLAY-25%. PHOSPHATIC SAEID-04% 

mm cxc~rn~m r, samwn~ CAZX~ARBOIJS CLAY. 

138.5- 155.5 -TE; YELU)WISH GRAY 

22% POROSITY: 

GRAIN TYPE: CALCILUI'ITE; 40% -CAL 

(;RAIN SIZE: MICROCRY- 

RANGE: MICROCRYSTAUUE TO FINE; MODERATE IND3RATIOH 

almNT TYPE(S) : CUCILUTITE EIATRIX, CLAY MATRIX 

SEDIMENTARY SPRUCIQFtES: -Dm, STREAgED 

D R Y  -: CLAY-25%. Qm SMD-10% 
PHOSPATIC SAFID-06% 

OTEW FEATm3s: SPECKLED 

-W QUARTZO-PIIOSPAATIC CALCILDTITE AND GRkY 

aLunmca CLAY. STILL NOT W R Y  PmmABLa. 

155.5- 167 -TE; YELU3WISX GRAY TO LIGHT (;RAY 

28% POROSITY: INTER- 

C;RAW TYPE: C A C c I m m ;  552 -= C O A S T I ~  

GRAIN SIZE: VERY FINE 

RANG!3: MICROCR- TO VERY FINE; GOOD -TION 

almNT TYPE(S): cAwanmm MATRIX 
SEDIMENTARY SraUcroREs: BAWDH) 

ACCESSORY -: puARTz SAND-30%. PIIOSPBATIC SAHD-15% 

PHOSPHATIC GRAVEL-022 

OTRER FEA;R3RES: SPECKLED, GRWOLAR 

MUQI QDARTZO-PHOSPHATIC SAND IN A m Y  FINE-GRUNED 

CARBOHATE MATRIX. BOTMH .2' IS RESILIAm CAUaRWeS m T .  
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